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THE MATERIALS RESEARCH SOCIETY
The Materials Research Society (MRS) is an organization of technical professionals from a wide variety of scientific
and engineering disciplines. Its primary purpose is to hold symposia on topics of materials research which, because
of their multidisciplinary nature, do not have adequate forums within the more traditional societies. Through these
symposia, MRS attempts to promote interactions between chemists, physicists, metallurgists, engineers, etc., who
are studying different aspects of a particular materials topic. Membership in the Materials Research Society is open to
anyone who has an interest in materials development, processing, or characterization.
MEMBERSHIP BENEFITS INCLUDE:
1. Automatic mailing of the call of papers booklet and the preliminary program for both the Fall and Spring meetings.
2. A subscription to Journal of Materials Research, an archival interdisciplinary journal which is the official journal of

the Material Research Society.
3. The MRS BULLETIN, a monthly news publication which contains summaries of the Society symposia, news of

Society members, announcements of meetings, and other activities sponsored or co-sponsored by MRS, and
news about developments in research and industry.

4. A listing in and a copy of the MRS Membership Director, which is published yearly.
5. Opportunity to purchase MRS symposium proceedings, monographs, and videotapes at special member pries

that are 15-250/b off list price. This numbered series has become a standard reference in many areas of materials
science. Over 126 volumes have been published in this well respected series.

6. Opportunity to purchase technical books from other scientific publishers at substantial savings.
7 Reduced subscription rates for journals published by the American Institute of Physics through the MRS affiliation

with AlP
8. Special personal subscription rates for Materials Letters, a letters journal published by North-Holland.
The membership fee is $65 for the 1990 calendar year. Student membership is $20 per year, but does not include a
subscription to Journal of Materials Research. Student members of MRS may subscribe to JMR for $15 in addition to
their $20 dues.
A free descriptive brochure on the Society is available. Contact:

Materials Research Society
9800 McKnight Road
Pittsburgh, Pennsylvania 15237 USA
(412) 367-3003
FAX (412) 367-4373
On-site meeting operations are handled by The Complete Conference, Sacramento, CA, Marilyn Hauck, President.
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SWELCOME TO THE MATERIALS RESEARCHm
SOCIETY'S 1989 FALL MEETING

Welcome to Boston for the 1989 Fall Meeting! The program is diverse - covering the
familiar MRS Fall Meeting topics as well as several new symposium topics not previ-
ously covered in MRS meetings. We will also be experimenting with live video broad-
casts of two Symposia between the Marriott and Westin Hotels. This meeting is
comprised of 24 symposia with over 2,400 accepted papers, making it the largest MRS
meeting to date!

On Monday evening we are delighted to welcome Robert N. Noyce, who will present the
Plenary address. Noyce is a pioneer in the electronics industry; he is president and
chief executive officer of SEMATECH as well as vice-chairman of Intel Corporation. The
Von Hippel Award will be presented to honor both the Von Hippel winner and the Fall
1989 Graduate Student Award winners. Several evening poster sessions will be held in
the Westin Hotel during the meeting; complimentary snacks and beverages will be
served.
In addition to the oral and poster sessions, many other activities are scheduled to
interest you. The Equipment Exhibit will be held Tuesday through Thursday in the
Marriott Hotel. Symposium X will feature a series of authoritative reviews covering
relevant topics for the non-specialist during the noon hours on Tuesday through Thurs-
day. To complement the technical program, 22 MRS short courses are scheduled
throughout the week.

Finally, we want to take this opportunity to thank the symposium organizers for assem-
bling an excellent and stimulating program. The staff at MRS Headquarters and The
Complete Conference have worked diligently to streamline this program into a coherent
form. The MRS officers, Program Committee, Publicity Committee, Short Course Man-
ager, and others have given invaluable help and advice. On behalf of the above, we
welcome you to Boston and wish you a stimulating, productive, and enjoyable week.
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MRS would like to remind you that to attend MRS Symposia, you must be wearing your 1989 Fail Meeting Registra-
tion badge. Hf you have not registered, please do so. Registration is located on the fourth floor of the Boston Marrott.
MRS appreciates your cooperation in not smoking or taking flash photographs in Symposium or Short Course
rooms.
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mA MESSAGE FROM THE PRESIDENT.

Over the last 12 months more than 100 people, including volunteer organizers and
MRS staff members, have been preparing what we believe will be one of the most
exciting Boston meetings to date. Over 2,400 abstracts are in the program, and we are
projecting a record attendance of over 4,000 people.
The meeting's main focus is the technical symposia organized by Chairs Gary L.
McVay of Pacific Northwest Laboratories, Robert J. Nemanich of North Carolina State
University, and James C. Mikkelsen Jr. of Xerox. Following the traditions of interdiscipli-
nary programming, the symposia will cover a very diverse materials area, ranging from
electronic materials and polymers to nuclear waste and specialty cements. Oral pre-
sentations and posters will keep the attendees informed of the latest breakthroughs,
allowing maximum interaction among the researchers.
The Society has invited Robert N. Noyce, a pioneer in the electronics industry and chief
executive officer of SEMATECH, to present the Plenary Address on Monday evening,
November 27. The 1989 Von Hippel Award will be presented to John Goodenough on
Wednesday evening, November 29; the Graduate Student Award winners will be recog-
nized, and the ceremonies will be followed by a wine and cheese reception.
Don't miss the special display of MRS Proceedings at both hotels for browsing and
ordering; check the Short Course Program developed to complement the technical
meeting, and be sure to visit the Equipment Exhibit and Job Placement Center. Many
hours of work have been devoted to planning a meeting you won't want to miss. I look
forward to meeting you.

R.P.H. Chang
1989 MRS President



"GRADUATE STUDENT AWARDS.

Outstanding performance by graduate students who are presenting significant and
timely research and who are participating in the MRS 1989 Fall Meeting as an attendee
and author or co-author of a symposium paper will receive their awards during the Von
Hippel ceremony Wednesday evening.

,,GRADUATE STUDENT MIXER.

All graduate students and members of MRS student chapters are invited to attend a
reception on Tuesday, November 28, 5:00 - 6:30 p.m., in the Regis Room, Marriott
Hotel. Refreshments will be served. Student chapters are a vital part of MRS providing
discussion between students and faculty and promoting student interest in materials
science. Don't miss this opportunity to meet with others involved in MRS student activi-
ties.

mSYMPOSIUM XE

MRS is pleased to announce that Symposium X will be broadcast live via satellite to
selected university and industrial laboratories by PBS on Monday, November 27,1989.
To accommodate MRS meeting attendees interested in attending this popular noon-
time symposium, it is held between noon and 1:30 p.m. daily in the Staffordshire Room
at the Westin Hotel. Box lunches will be available at the symposium door for your
convenience. Be sure to check the Meeting Guide available at the meeting for final
scheduling details.

"SYMPOSIUM BROADCASTS.

Symposium M: High Temperature Superconductors, may be viewed simultaneously in
the Marriott Hotel and the Westin Hotel; and Symposium F: Diamond, Boron Nitride,
Silicon Carbide and Related Wide Bandgap Semiconductors, may be viewed simulta-
neously in the Marriott Hotel and the Westin Hotel. Check the Activities Locator in the
Meeting Guide for daily locations at each hotel.
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.1989 MRS FALL MEETING ACTIVITESN

Activity Location Time
Infonmation Desk/Message Center Fourth Floor Lobby, Marriott Hotel

Third Floor Lobby, Westin Hotel Sunday, 4:00 p.m.-9:00 p.m.
Monday, 7:00 a.m.-7:00 p.m.

Meeting Registration FoDurth Floor Lobby, Marriott Hotel Tuesday, 7:30 a.m.-5:00 p.m.
Wednesday, 7:30 a.m.-5:00 p.m.

MRS Publication Sales Fourth Floor Lobby, Marriott Hotel Thursday, 7:30 a.m.-5:00 p.m.
Third Floor Lobby, Westin Hotel Fniday, 7:30 a.m.-1 2:00 noon
(Monday - Friday)

Short Course Registration Fourth Floor Lobby, Marriott Hotel Sunday, 11:30 a.m.-1:30 p.m.
and 4:00 p.m.-9:00 p.m.

Monday, 7:00 a.m.-TOO0 p.m.
Tuesday, 7:30 a.m.-5:00 p.m.
Wednesday, 7:30 p.m.-5:00 p.m.
Thursday, 7:30 a.m.-5:00 p.m.
Friday, 7:30 a.m.-9:00 a.m.

Short Course Program Daily, 8:30 a.m.-4:30 p.m.
(Check with Information Desk Cow "0 ad OW09wA mea on Swnay
for location of individual courses.) Nmordet2, 1,00p.m.4-.0 p.m., and on

Mondey Nomanlbe 27, 8:00 am.4:30 p.m.

Manuscript Center Cape Cod Room, Marriott Hotel Open Monday-Friday
St. George A, Westin Hotel 7:30 a.m. - 5:30 p.m.

Slide Preview Area Near Information Desk Open Monday-Friday
Fourth Floor Lobby, Marriott Hotel 7:30 a.m. -5:00 p.m.
Third Floor Lobby, Westin Hotel

Symposium X Staffordshire Room Monday, November 27
Live National Satellite Westin Hotel 12:05 -1:25 p.m.

Broadcast (Bac kUfches awbbIS for W~*eoe at the dooM

Syposiurn Broadcast: Suffolk Room Tuesday-Friday noon
WieBandgap Semiconductors Marriott Hotel

H gh Temperature Essex North West Monday-Tuesda
%uperconductors America Lobby Wednesday-Fo ay

Westin Hotel _________

Equipment Exhibit University Hail, Third Floor Tuesday, 12:00 noon - 7:00 p.m.
Marriott Hotel Reception, 5:00 p.m. - 7:00 p.m.

o..ssybish w4 eyi Wednesday, 9:30 a.m. -5:00 p.m.
EqaorwEd *k Noon-13D p m. Thursday, 9:30 a.m. -2:00 p.m.

Poster Sessions America Ballroom, FoDurth Floor Tuesday, 7:00 p.m. -10:00 p.m.
Westin Hotel Wednesday, 8:00 p.m. -10:00 p.m.

Thursday, 7:00 p.m. -10:00 p.m.

Plenary Session, Robert N. Noyce Salon E, Marriott Hotel Monday, 6:00 p.m.

Graduate Student Mixe Regis Room, Marriott Hotel Tuesday, 5:00 p.m. - 6:30 p.m.

Von Hlppsi hAw Presentation Salon E, Marriott Hotel Wednesday, 6:00 p.m.
and LecUI Reception Folkowing

Graduate Student Aars

Job Placement Center Harvard Room, Third Floor Tuesday-Thursday,
Marriott Hotel 9:00 a.m. - 5:00 p.m.

Vii



oPLENARY SESSION.

Monday, November 27,1989
6:00 - 7:00 p.m.

Boston Marriott Copley Place
Salon E

RWoe N. Noyce
Chief Executive Officer, SEMATECH

Robert N. Noyce, a pioneer in the electronics industry, is Noyce was a founding member and the first president of
President and CEO of SEMATECH and vice chairman of the Semiconductor Industry Association. He also was a
Intel Corporation. member of the President's Committee on Industrial Com-

Noyce graduated from Grinnell College with a BS degree petitiveness and the Defense Science Board.
in physics and mathematics and earned his Ph.D. in Noyce is a member of the National Academy of Science,
physical electronics at the Massachusetts Institute of the National Academy of Engineering, the American
Technology. Following graduation, Noyce engaged in re- Academy of Arts and Science, and holds 16 patents for
search at Philco Corporation and Shockley Semiconduc- semiconductor devices, methods and structures. He and
tor Laboratory. He co-founded Fairchild Semiconductor Jack Kilby have jointly received the Ballantine Medal of
Corporation in 1957 and with Jack Kilby of Texas Instru- the Franklin Institute and the Cledo Brunetti Award of the
ments invented the integrated circuit. IEEE for inventing the integrated circuit. He and Gordon

In 1968, Noyce co-founded Intel with long-time associate Moore have received the AFIPS Harry Goode Award for
Gordon E. Moore with the objective of making large-scale leadership in computer science. Noyce also has been
integration a practical reality. Today, the company is the awarded the National Medal of Technology, National
nation's third-largest semiconductor producer. Medal of Science, the I.E.E. Faraday Medal, and theIEEE Medal of Honor.

viii



* 1989 VON HIPPEL AWARD LECTURE.

Wednesday, November 29, 1989
6:00 p.m.
Salon E

Marriott Hotel

John B. Goodenough
Virginia H. Cockrell

Centennial Chair of Engineering
University of Texas at Austin

The Materials Research Society proudly presents its has covered magnetic-exchange interactions, localized
1989 Von Hippel Award to Professor John B. Goode- treatment of outer electrons, martensitic phase transfor-
nough. The Award honors his distinguished contributions mation mechanisms, and structure of ferroelectrics and
to the field of solid state sciences, where his insights, bronzes. He has studied the electronic structure of metals
ideas, knowledge and research have consistently drawn based on the interactions of Fermi surfaces with Brillouin-
together the basic concepts of physics and chemistry in zone surfaces in reciprocal space. He has recently inves-
the conquest of wide-ranging fundamental topics. tigated the electron pairing mechanism in high-Tc
Through the years, his work can be said to have built the superconductor structures.
principal conceptual foundations of the science of solid Professor Goodenough has also made key contributions
state chemistry. in the field of materials for alternate energy technologies.
Professor Goodenough has made pioneering contribu- These include solid electrolytes, solid-solution storage-
tions in many experimental fields, including such diverse cell electrodes, photoelectrolysis of water with sunlight,
topics as development of ferrite-core random access wavelength-selective coatings for solar collectors, zeoli-
memories, high pressure studies of perovskites, and the tes for air conditioning with solar energy, catalytic elec-
analysis of lithium ion conductivity in spinels. He has ad- trodes and heterogeneous catalysis.
dressed the electronic structure of complex materials, Professor Goodenough graduated from Yale University
with concepts fundamental to chemical bonding. In the with a B.A. in Mathematics in 1943 and obtained his Ph.D.
days before band structure calculations were routine, in Physics at the University of Chicago in 1952. His re-
Professor Goodenough succeeded in constructing, quali- search in electronic materials (chemistry) continued at
tatively, the band structures of most important semicon- the Lincoln Laboratory until his move in 1976 to the Uni-
ductors, oxides and metallic compounds. His 1963 book versitncof Oxforato fesso n ead o the Unicon "Magnetism and the Chemical Bond" remains a clas- versity of Oxford as Professor and Head of the Inorganic

on "agntismandthe hemcalBond reainsa cas- Chemistry Laboratory. In 1986 he accepted the Virginia
sic reference in the field. A similar intuitive approach un- Cer Lbrto.ni 196he acceed the niaderles rofsso Gooenogh' clssicanaysi of H. Cockrll Centennial Chair of Engineering at The Uni-derlies Professor Goodenough's classic analysis of versity of Texas at Austin.
superexchange mechanisms and of metal-insulator tran-
sitions. His work on Mott localization in oxides is of funda- The \Ion Hippel Award of the Materials Research Society
mental significance. Professor Goodenough's work on honors Professor Goodenough's accomplishments for
the electronic structure of transition metal compounds their depth and diversity, exemplifying the possibilities of

interdisciplinary materials research.

ix



EJOB PLACEMENT CENTER.
The MRS Job Placement Center is organized and operated by the American Institute of Physics. The Center is
conveniently located on the third floor of the Boston Marriott Copley Place and will be open from 9:00 a.m. - 5:00
p.m., Tuesday through Thursday. Individuals using the interviewing facilities to seek employment must register by
completing an employment candidate form obtainable from MRS Information, Sunday afternoon and Monday.

N EQUIPMENT EXHIBITE
Boston Marrott

Tuesday-Thursday, November 28-30, 1989
As part of the 1989 Fall Meeting, a major equipment exhibit will be held to display analytical and processing
equipment closely paralleling the nature of the technical symposia. The exhibit will be on the third floor of the Boston
Marriott Hotel, convenient to symposium meeting rooms. The technical program has been arranged to allow
meeting participants ample opportunity to visit the exhibit.

Show Hours
Tuesday 12:00 noon - 7:00 p.m.

Reception 5:00 p.m. - 7:00 p.m.
Wednesday 9:00 a.m. - 5:00 p.m.
Thursday 9:00 a.m. - 2:00 p.m.

EXHIBITORS
Academic Press Image Micro Systems, Inc. Plasma Technology
Advanced Materials Engineering Implant Sciences Corporation Plenum Publishing Corporation

Research INEL, Inc. Princeton Gamma-Tech
AIXTRON GmbH Innovative Technology, Inc. Princeton Instruments, Inc.
Alcatel Vacuum Products, Inc. Instruments SA, Inc. Process Products Corporation
American Chemical Society International Scientific Instruments, Inc. Quantachrome Corporation
American Institute of Physics Ion Tech, Inc. Quantum Design, Inc.
Amplifier Research Janis Research Company RHK Technology, Inc.
Anatech Ltd. JCPDS-ICDD Rigaku/USA
APO Cryogenics, Inc. JEOL U.S.A., Inc. RMC-Cryosystems
AriesQEI Kaiser Systems, Inc. Rudolph Instruments
ASTeX/Applied Science & Technology Keithley Instruments Rudolph Research
ATM, Inc. Kevex Instruments Scientific Instruments

aftzers Kimball Physics, Inc. Scintag, Inc.
Beam Alloy Corporation Kratos Analytical Siemens Analytical X-Ray
Slake Industries, Inc. Lake Shore Cryotronics, Inc. South Bay Technology, Inc.
Edmund Buehler Co. GmbH Lambda Physik Spectra Instruments
Cahn Instruments, Inc. Lehighton Electronics, Inc. Spectra-Tech, Inc.
Cameca Instruments, Inc. Kurt J. Leaker Company Spire Corporation
Ceramaseal Leyold Inficon Springer-terag NY, Inc.
Chapman and Hall Leytold Vacuum Products Structure Probe/SPI Supplies
Commonwealth Scientific Corporation Materials By Matron SULA Technologies
CVC Products, Inc. McAllister Technical Services Superconductive Components, Inc.
Denton Vacuum, Inc. MDC Vacuum Products Corporation Sycon Instruments, Inc.
Dunlway Stockroom Corporation Microscince, Inc. Tencor Instruments
E.A. Fiachione Instrument MKS Instruments Thermionics Laboratory

Manufacturing MMR Technologies, Inc. Ultra High Vacuum Instruments, Inc.
Edwards High Vacuum International National Electrostatics Corporation Vacuum Barrier Corporation
EG&G Princeton Applied Research Neslab Instruments VarianAacuum Products
Elsevier Science Publishing Company, Neftach Incorporated VAT, Inc.

Inc. NGS Associates, Inc. VCR Group
Charts Evans & Asocates Nicolet VG Instruments
FEI Company North Eastern Analytical Corporation Virginia Semiconductor, Inc.
Gatan, Inc. Omicron Associates Volaix, Inc.
Goodfellow Metals Cambridge Ltd. Oxford Instruments Waft Associates
Granvlle-Phlillps Co. Oxford UnIversty Pee9 Vterloo ScientIfic
High Vacuum Apparatus Manufacturing, Peabody Scientific Wavemat, Inc.

Inc. Pergamon Prea John Wiley & Sons
Hitachi Scientific Instruments Perldn-EImer Corporation Cart Zeiss, Inc.
HPS Division Philips Electronic Instruments
Huntington Laboratories Physloon Corporation

x



*MRS SHORT COURSE PROGRAMs

1989 MRS FALL MEETING
NOVEMBER 27- DECEMBER 2

BOSTON MARRIOTT COPLEY PLACE

At-Meeting At-Meeting
Title "lIltlon Title lition

ADVANCED MATERIALS C-20 Optical Characterization of Ill-V Semiconductor Epitaxial
M-04 Optoelectronic Materials, Processes, and Devices Layers
Instructor: Mool C. Gupta Instructor: Gary W. Wicks
Friday-Saturday, December I -2 $535 Friday, December 1 $370

M-05 Fabrication, Characterization, and Applications of PREPARATION AND FABRICATION OF MATERIALS
High-Temperature Superconducting Materials P-05 Plasma Enhanced CVD of Thin Films for Microelectronics
Instructors: David A. Rudman and Robert E. Schwall Instructor: Rafael Reif
Sunday-Monday, November 26-27 $535 Monday, November 27 $370

M-06 Growth and Characterization of Diamond and P-06 ion Implantation, Diffusion, Defects, and RTP
Diamond-Like Films Instructors: Nathan W. Cheung, Dennis M. Maher, and Steven C.
Instructors: Daniel L. Flamm, Thomas R. Anthony, and Jeffrey T. Shatas
Glass Friday-Saturday, December 1 -2 $535
Monday, November 27 $425 P-12 Photon-Controlled Processing for Microelectronics

CHARACTERIZATION OF MATERIALS Instructor: Richard M. Osgood, Jr.
C-01 Modem Materials Analysis Techniques Friday, December 1 $370Instructors: James A. Borders, Kenneth H. Eckelmeyer andSuzanne H. Weissman P-14 Film Formation, Adhesion, Surface Preparation, and
Monday-Wednesday, November 27- 29 $800 Characterization of Thin Film Structures

Instructor: Donald M. Mattox

C-03 Surface and Thin Film Analysis Friday-Saturday, December 1 -2 $560
Instructors: Leonard C. Feldman and James W. MayerFriday-Saturday, December 1 -2 $605 P-15 Ohmic Contacts to Compound Semiconductors

Instructor: Peter A. Barnes

C-06 Deep Level Transient Spectroscopy Friday, December 1 $370
Instructor: Charles E. Barnes
Monday, November 27 $370 P-l6 Epitaxial Growth of Compound Semiconductors

Instructors: L. Ralph Dawson, P Dan Dapkus, and Gary W.
C-08 Ceramic and Metal Matrix Composites Wicks
Instructors: Jack Mecholsky and Maurice F. Amateau Tuesday-Thursday, November 28 -30 $800
Friday-Saturday, December 1 -2 5 F-01 Film and Coating Deposition Techniques

C-09 Fractals: Concepts and Applications in Materials Science Instructor: Donald M. Mattox
and Engineering Tuesday-Wednesday, November 28 -29 $560
Instructors: James E. Martin and Alan J. HurdSunday-Monday, November 26 -27 $35 -02 Plasma Etching for Microelectronic Fabrication

Instructor: G. Kenneth Herb

C-14 Scanning Tunneling Microscopy Thursday, November 30 $370
Instructor: Robert J. HarrerMonday, November 27 $370 F-04 Microelectronic Packaging: Materials, Processing, and

Reliability

C-l Scanning Electron Microscopy and X-Ray Microanalysis Instructors: Shankara K. Prasad and Rama K. Shukla
Instructors: David C. Joy and Dale E. Newbury Thursday-Saturday, November 30- December 2 800
Monday, November27 $390 F-C8 Chemical Engineering Aspects of Silicon Integrated Circuit

C-19 Practical Transmisslon & Analytical Electron Microscopy - Fabrication
Theory, Practice and Specimen Preparation Instructors: Isaac TRchtenberg and Dean P Nelklrk
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SESSION Al: ION ASSISTED DEPOSITION 11:45 A1.9
Chairs: R. A. Zuhr and D. B. Poker ADHESION STUDIES OF Au FILMS ON GaAs USING

Monday Morning, November 27 ION-ASSISTED DEPOSITION TECHNIQUES, T.T.
Salon E (M) Bardin and J.G. Pronko, Lockheed Research

and Development Division, Palo Alto, CA;
8:30 *. A.J. Kellock and J.E.E. Baglin, IBM Almaden

LOW ENERGY ION BEAM SURFACE MODIFICATION, Research Center, San Jose, CA.
DEPOSITION, AND SYNTHESIS, J.J. Cuomo, IBM
T.J. Watson Research Center, Research Divis- SESSION A2: ION INDUCED GROWTH/BURIED
ion, Yorktown Heights, NY. LAYERS

Chair: J. C. Barbour
9:00 *±&.2 Monday Afternoon, November 27

ION BEAM-ASSISTED MBE, E. Chason, J.Y. Tsao, Salon E (M)
K.M. Horn, D.K. Brice and S.T. Picraux,
Sandia National Laboratories, Ion-Solid 1:30 A2.1
Interactions Department, Albuquerque, NM. IRRADIATION-INDUCED GRAIN GROWTH: THE ROLE

OF DISLOCATIONS, Charles W. Allen and Lynn
9:30 A1.3 E. Rehn, Argonne National Laboratory, Mate-

LOW ENERGY ION BOMBARDMENT AND ISLAND COAR- rials Science Division, Argonne, IL.
SENING IN THIN FILMS, Chih H. Yang and Harry
A. Atwater, California Institute of Technol- 1:45 A2.2
ogy, Applied Physics Department, Pasadena, ION-BEAM-INDUCED EPITAXIAL CRYSTALLIZATION
CA. OF GexSil-x/Si HETEROSTRUCTURES, R.G.

Elliman, M.C. Ridgway, J.S. Williams, Royal
9:45 AL.4 Melbourne Institute of Technology, Micro-

ION BEAM ASSISTED ZIRCONIUM NITRIDE FILMS, electronics and Materials Technology Centre,
I.C. ORnenheim, The Johns Hopkins Univer- Melbourne, Australia; and J.C. Bean, AT&T
sity, Materials Science and Engineering, Bell Laboratories, Murray Hill, NJ.
Baltimore, MD; and K.R. Padmanabhan, Wayne
State University, Department of Physics and 2:00 A2.3
Astronomy, Detroit, MI. DEPENDENCE OF INTERFACE VELOCITY ON NOBLE

METAL SEGREGATION DURING ION BEAM ENHANCED
10:00 BREAK EPITAXY, J.S. Custer, Michael 0. Thompson,

Cornell University, College of Engineering,
10:30 *A1.5 Department of Materials Science and Engi-
IMPORTANCE OF SURFACE PREPARATION IN DIRECT neering, Ithaca, NY; J.M. Poate and D.C.
ION BEAM DEPOSITION (IBD), Kiyoshi Mivake, Jacobson, AT&T Bell Laboratories, Murray
Hitachi Ltd., Hitachi Research Laboratory, Hill, NJ.
Ibaraki, Japan.

2:15 A2.4
11:00 A.6 ION BEAM INDUCED CRYSTALLIZATION IN PREAMOR-
PREPARATION AND CHARACTERIZATION OF ION BEAM PHIZED BP(100), Naoto Kobavashi, Hisao
ASSISTED ALUMINUM OXIDE FILMS, J.K. Kobayashi, Hisao Tanoue, Nobuyuki Hayashi,
Hirvonen, T. Tetreault, G. Parker, B.W. Electrotechnical Laboratory, Ibaraki, Japan;
Murray, Spire Corporation, Bedford, MA; and and Yukinobu Kumashiro, Yokohama National
P. Revesz, Cornell University, Ithaca, NY. University, Yokohama, Japan.

11:15 AL. 2:30 A2.
SILICON OXIDE FILM FORMATION BY THE SIMUL- AMORPHOUS TO POLYCRYSTAL TRANSITION ASSISTED
TANEOUS USE OF A MICROWAVE ION SOURCE AND AN BY ION BEAM IRRADIATION IN SILICON, Q,
ICB SYSTEM, Gikan H. Takaoka, Hiroshi Tsuji S, S. Lombardo and S.U. Campisano,
and Junzo Ishikawa, Kyoto University, Kyoto, Dip. di Fisica dell'Universit&, Catania,
Japan. Italy.

11:30 A1.J 2:45 A2.6
METASTABLE Cr0 2 FILM FORMATION BY REACTIVE FORMATION OF BURIED ELEMENTAL LAYERS USING
ION BEAM SYNTHESIS AND RAPID THERMAL ANNEAL- ION IMPLANTATION, B , Z.A. Munir,
ING, K.V. Ramanathan, C. Richard Guarnieri, University of California, Davis, Division of
J.J. Cuomo, D.A. Smith, and S. Shivashankar, Materials science and Engineering, Mechani-
IBM T.J. Watson Research Center, Research cal Engineering Department, Davis, CA; R.G.
Division, Yorktown Heights, NY. Musket, Lawrence Livermore National Labora-

tory, Chemistry and Materials Department,
Livermore, CA.

*Invited Paper 3:00 BREAK
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3:30 A2.7 9:00 *A3.2
ION-BEAM-INDUCED EPITAXIAL CRYSTALLIZATION THERMODYNAMIC ASPECTS OF ION MIXING IN
OF METAL SILICIDES, M.C. Ridway, R.G. METALLIC SYSTEMS, W.L. Johnson, California
Elliman and J.S. Williams, Royal Melbourne Institute of Technology, Keck Laboratory,
Institute of Technology, Microelectronics Pasadena, CA.
and Materials Technology Centre, Melbourne,
Australia. 9:30 A3.3

CRITICAL TEMPERATURES FOR RADIATION ENHANCED
3:45 A2.8 DIFFUSION AND EQUILIBRIUM PHASE FORMATION

ION-BEAM SYNTHESIS OF BURIED YTTRIUM SILI- DURING ION BEAM MIXING, A.M. Vredenbera, R.
CIDE, T.L. A 1fod, Cornell University, de Reus, A.C. Voorrips, H.C. Tissink and
Material Science and Engineering Department, F.W. Saris, FOM-Institute for Atomic and
Ithaca, NY; and J.C. Barbour, Sandia Nation- Molecular Physics, Amsterdam, The Nether-
al Laboratories, Albuquerque, NM. lands.

4:00 A2.9 9:45 A3.4
ELECTRICAL TRANSPORT IN Si/CoSi 2/Si HETERO- DIRECT OBSERVATION OF INTERMIXING IN GaAs/
STRUCTURES GROWN BY MESOTAXY, Alice E. AlAs MULTILAYERS AFTER VERY LOW-DOSE ION-
White, M.L. Green, K. T. Short, D. Brasen IMPLANTATION, M, A. Ourmazd, and J.
AT&T Bell Laboratories, Murray Hill, NJ; and Rentschler, AT&T Bell Laboratories, Holmdel,
K. Maex, IMEC, Leuven, Belgium. NJ; M. Hong, L.C. Feldman, and J.P.

Mannaerts, AT&T Bell Laboratories, Murray
4:15 A2.10 Hill, NJ.

ION BEAM ANNEALING OF Si CO-IMPLANTED WITH
Ga AND As, S.P. Withrow, O.W. Holland and i0:00 BREAK
S.J. Pennycook, Oak Ridge National Labora-
tory, Solid State Division, Oak Ridge, TN; 10:30 &3.5
and J. Pankove, Solar Energy Research In- A STUDY OF THE DOMINANT MOVING SPECIES IN
stitute, Golden, CO. ION BEAM MIXING I: EFFECTS OF SAMPLE GEO-

METRY AND ATOMIC MASS, G.W. Auner, Y.-T.
4:30 A211 Cheng, General Motors Research Laboratories,
EVOLUTION OF DIFFUSION AND SPUTTER LIMITED Warren, MI, and Wayne State University,
IMPLANTED IMPURITY DEPTH PROFILES DURING ION Department of Physics and Astronomy, De-
BEAM SYNTHESIS, P.L.F. Hemment, A.K. troit, MI; M.H. Alkisi and K.R. Padmanabhan,
Robinson, U. Bussmann, K.J. Reeson, Univer- Wayne State University, Department of Phys-
sity of Surrey, Department of Electronic and ics and Astronomy, Detroit, MI.
Electrical Engineering, Guildford, Surrey,
United Kingdom; R. Chater and J.A. Kilner, 10:45 A3.6
Imperial College, Department of Materials, RELATIONSHIPS BETWEEN COHESIVE ENERGY, DEBYE
London, United Kingdom. TEMPERATURE, AND THE ONSET OF TEMPERATURE-

DEPENDENT ION MIXING, Y.-T. Cheng, General
4:45 A2. 12 Motors Research Laboratories, Physical

FORMATION OF BURIED AND SURFACE CoSi 2 LAYERS Chemistry Department, Warren, MI.
BY ION IMPLANTATION, M.F. Wu, A. Vantomme,
G. Langouche, University of Leuven, Institut 11:00 A3.7
voor Kern-en Stralingsfysika, Leuven, Bel- EFFECT OF CARBON ON ION BEAM MIXING OF FE-TI
gium; J. Vanhellemont, IMEC, Leuven, Bel- BILAYERS, J-P. Hirvonen and M. Nastasi, Los
gium; J. Vanacken, H. Vloeberghs, and Y. Alamos National Laboratory, Materials Sci-
Bruynseziede, University of Leuven, VSM, ence and Technology Division, Los Alamos,
Belgium. NM.

SESSION A3: ION BEAM MIXING 11:15 A3.8
Chairs: P. Borgesen and D. A. Lilienfeld THE EFFECT OF SURFACE COATING ON ION BEAM

Tuesday Morning, November 28 DESORPTION OF HYDROGEN FROM TITANIUM,
Salon E (M) Richard E. Wistrom, Peter B~rgesen and

Herbert H. Johnson, Cornell University,
8:30 *A3.1 Materials Science and Engineering, Ithaca,

ION-BEAM MIXING AND PHASE FORMATION, L-U. NY.
Aaen Andersen, J. tiger, K. Dyrbye, and
J. Janting, University of Aarhus, Institute 11:30 A3.9
of Physics, Aarhus, Denmark. ION-BEAM MIXING AND TRIBOLOGY OF Fe/B MULTI-

LAYERS, Ren Yuan Hu, L.E. Rehn, G.R. Fenske
and P.M. Baldo, Argonne National Laboratory,
Materials Science Division, Argonne, IL.
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11:45 A3.10 SESSION A5: NOVEL ANALYSIS TECHNIOUES/
ION BEAM MIXING OF Sb SCHOTTKY CONTACTS ON UNIQUE STRUCTURES
n-Si, J.B. Malherbe, L.J. Bredell, K.P. Chairs: J. A. Knapp and M. 0. Thompson
Weimer, G. Myburg and E. Friedland, Univer- Tuesday Afternoon, November 28
sity of Pretoria, Department of Physics, Salon E (M)
Pretoria, South Africa.

4:00 A5.1
SESSION A4: MODELLING/FUNDAMENTAL STUDIES FABRICATION OF CRYSTALLINE-AMORPHOUS SUPER-
Chairs: M. 0. Thompson and J. A. Knapp LATTICES BY DIFFERENTIAL ION-BEAM DAMAGE,

Tuesday Afternoon, November 28 J.M. Poate, D.J. Eaglesham, D.C. Jacobson,
Salon E (M) M. Cerullo, L.N. Pfeiffer and K.W. West,

AT&T Bell Laboratories, Murray Hill, NJ.
1:30 *A4.1

ION-SOLID INTERACTIONS AS VIEWED BY MOLECU- 4:15 A5.2
LAR DYNAMICS, Barbara J. Garrison, The Penn- INTERNAL BLACKBODY EMISSION INTERFEROMETRY
sylvania State University, Department of FOR MEASUREMENT OF CRYSTALLIZATION KINETICS
Chemistry, University Park, PA. AND OPTICAL PROPERTIES OF THIN FILMS, J.A.

Roth and G.L. Olson, Hughes Research Labora-
2:00 A4.2 tories, Malibu, CA.

COMPUTER SIMULATION OF IMPURITY SEGREGATION
AT A RAPIDLY MOVING SOLID-LIQUID INTERFACE, 4:30 A5.3
Stephen J. Cook and Paulette Clancv, Chemi- TRANSITION RADIATION FOR SURFACE ANALYSIS,
cal Engineering Department, Cornell Univer- John M. Macaulay and Julius J. Muray, SRI
sity, Ithaca, NY. International, Physical Electronics Depart-

ment, Menlo Park, CA.
2:15 A4.3

MOLECULAR DYNAMICS SIMULATIONS OF LOW-ENERGY 4:45 A5.4
ION/SURFACE INTERACTIONS DURING VAPOR PHASE STM INVESTIGATIONS OF GRAPHITE SURFACES
CRYSTAL GROWTH: 10 eV Si INCIDENT ON Si(001) PREPARED BY 5 keV Ar+ ION BOMBARDMENT,
2xl, M. Kitabatake, P. Fons, and J.E. Elliott A. Eklund, University of California,
Greene, University of Illinois, CSL, Urbana, Department of Physics and Solid State Sci-
IL. ence Center, Los Angeles, CA: Eric J. Snyder

and R. Stanley Williams, University of
2:30 A4.4 California, Department of Chemistry, Los

MOLECULAR DYNAMICS STUDY OF THE AMORPHIZA- Angeles, CA.
TION OF CuTi, Michael J. Sabochick, U.S. Air
Force Institute of Technology, Department of SESSION A6: POSTER SESSION I
Engineering Physics, Wright Patterson AFB, Chairs: Peter Borgesen, James A. Knapp
OH; Nghi Q. Lam, Argonne National Labora- and Ray A. Zuhr
tory, Materials Science Division, Argonne, Tuesday Evening, November 28
IL. 7:00 p.m. - 10:00 p.m.

America Ballroom (W)
2:45 A4.5

MOLECULAR DYNAMICS SIMULATIONS OF THE DIS- A6.1 GRAIN GROWTH AND PHASE FORMATION IN
ORDER FORMED IN SILICON BY HIGH-ENERGY ION IRRADIATED/ANNEALED THIN NI-AL ALLOY
ELECTRONS, A.M. Mazzone, CNR-Istituto LAMEL, FILMS, Dale E. Alexander and Gary S. Was,
Bologna, Italy. Department of Nuclear Engineering, Univer-

sity of Michigan, Ann Arbor, MI; and Lynn
3:00 BREAK Rehn, Argonne National Laboratory, Materials

Division, Argonne, IL.
3:30 A4.6

SUPERHEATING AND SUPERCOOLING OF LEAD IN- A6.2 CESSATION AT HIGH TEMPERATURE OF
CLUSIONS IN ALUMINIUM, EJn , Univer- RADIATION INDUCED DIFFUSION: THE ROLE OF
sity of Copenhagen, Physics Laboratory, DEFECT COMPLEX FORMATION, T.D. Andreadis and
Copenhagen, Denmark; L. GrAbaek, J. Bohr, Mervine Rosen, Naval Research Laboratory,
RISP National Laboratory, Roskilde, Denmark; Washington, DC.
A. Johansen, L. Sarholt-Kristensen and H.H.
Andersen, University of Copenhagen, Physics A6.3 VOID DENSITY REDUCTION DURING ION
Laboratory, Copenhagen, Denmark. ASSISTED DEPOSITION, T.D. Andreadis, R.H.

Bassel, Mervine Rosen, and J.A. Sprague,
3:45 A4.7 Naval Research Laboratory, Washington, DC.

THERMAL ANNEALING OF SOLID Kr PRECIPITATES
IN Ni, R-C. Birtcher, J. Rest, and D.S.
Bergstrom, Argonne National Laboratory,
Argonne, IL.
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ASTUDIES ON ION SCATTERING AND A6,12 OXIDATION BEHAVIOUR OF TITANIUM
SPUTTERING PROCESSES RELEVANT TO ION BEAM SURFACES COATED WITH BORON COMPOUNDS, M.
SPUTTER-DEPOSITION OF MULTICOMPONENT THIN Elena, L.A. Guzman, L. Moro, A. Tomasi,
FILMS, 0. Auciello, North Carolina State Institute for Scientific and Technological
University, Department of Materials Science, Research, Povo, Italy; S. Gialanella and P.
Raleigh, NC; and Microelectronics Center Scardi, University of Trento, Department of
North Carolina, Research Triangle Park, NC; Materials Science Engineering, Mesiano,
M.S. Ameen, North Carolina State University, Italy.
Department of Materials Science, Raleigh,
NC; A. R. Krauss, Argonne National Labora- A6.13 ION-BOMBARDMENT EFFECTS ON FILM
tory, Chemistry Division, Argonne, IL; and ADHESION, LA.rc, G.R. Fenske and A.
A.I. Kingon, North Carolina State Univer- Erdemir, Argonne National Laboratory,
sity, Department of Materials Science, Materials and Components Technology Divi-
Raleigh, NC. sion, Argonne, IL.

A6.5 INTERACTIONS OF LOW-ENERGY METAL A6.14 CARRIER LIFETIME DISTRIBUTIONS AND
IONS WITH SURFACES, P. Bai, Ch. Steinbruchel RECOMBINATION KINETICS IN SILICON ON IN-
and T.-M. Lu, Rensselaer Polytechnic Insti- SULATOR (SIMOX) SUBSTRATES, M.A. Lourengo,
tute, Center for Integrated Electronics, K.P. Homewood, and P.L.F. Hemment, Univer-
Troy, NY. sity of Surrey, Department of Electronic and

Electrical Engineering, Guildford, Surrey,
A6.6 ELECTRON BEAM INDUCED HOLE-DRILLING United Kingdom.
AND LITHOGRAPHY ON A NANOMETRE SCALE IN Al,
MgO AND a-AlF 3 IN A STEM, Tim J. Bullough, A6.15 SPONTANEOUS VITRIFICATION OF ION
Colin J. Humphreys and Robert W. Devenish, MIXED METASTABLE PHASES IN IRON-BASED ALLOY
University of Liverpool, Department of SYSTEMS, L.J Hang, and H-D.Li, Tsinghua
Materials Science and Engineering, Liver- University, Department of Materials Science
pool, United Kingdom. and Engineering, Beijing, China; and B.X.

Liu, Tsinghua University, Department of
A6.7 THERMAL ANNEALING INVESTIGATION OF Materials Science and Engineering, and
THE OPTICAL PROPERTIES OF B1 _xNx FILMS Center of Condensed Matter and Radiation
FABRICATED BY ION BEAM ASSISTED DEPOSITION, Physics, CCAST (World Lab.), Beijing, China.
C.A Carosella, E.P. Donovan, and G.K.
Hubler, Naval Research Laboratory, Washing- A6,16 FOCUSED 0.5 MeV ION BEAM LINE WITH
ton, DC. LOW ABERRATION QUADRUPOLE MAGNETS, Kiyotaka

I, Ken-ichi Inoue, Yutaka Kawata,
A6.8 MECHANISM OF ION-INDUCED SOLID- Norio Suzuki, Kobe Steel, Ltd., Electronics
PHASE EPITAXIAL GROWTH, T.K. Chaki, State Research Laboratory, Kobe, Japan; Mikio
University of New York, Department of Mech- Takai and Susumu Namba, Osaka University,
anical & Aerospace Engineering, Buffalo, NY. Faculty of Engineering Science and Research

Center for Extreme Materials, Osaka, Japan.
ASTUDY OF THE ANODIC OXIDATION ON TI
AND TA6V BY ION-IMPLANTED XE IONS MARKERS M6,17 THE STRUCTURE AND PROPERTIES OF Ni
AND 018 TRACING TECHNIQUES, Hemina Chen, FILMS GROWN BY ION BEAM ASSISTED DEPOSITION,
Mingjiang Dai, Xinde Bai, Wangpei Li, RL.._-ant, G.P. Chambers and B.D. Sartwell,
Tsinghua University, Department of Material Naval Research Laboratory, Surface Modifica-
Science and Engineering, Beijing, China. tion Branch, Washington, DC.

A6,1 CRYSTALLINE POLYMER THIN FILM A6.18 Ar+ INDUCED INTERFACIAL MIXING IN
DEPOSITION BY IONIZED CLUSTER BEAM, S.J. Pd/Cu SYSTEM, H.K. Kim, Korea Standards
=, Kyungseoung University, Department of Research Institute, Taejon, Korea; J.H.
Physics, Busan, Korea; H.S. Choe, Kyungsang Song, S.S. Kim, C.N. Whang, Yonsei Univer-
University, Department of Physics, Jinju, sity, Department of Physics, Seoul, Korea;
Korea; H.K. Jang, S.S. Kim, C.N. Whang, J.J. Woo, Chonnam University, Department of
Yonsei University, Department of Physics, Physics, Kwangju, Korea; and R.J. Smith,
Seoul, Korea; and D.S. Choi, Kangwon Univer- Montana State University, Department of
sity, Dept. of Physics, Chuncheon, Korea. Physics, Bozeman, MT.

A6.11 STRUCTURAL AND ELECTRICAL STUDIES A621 IN-SITU ION BEAM MEASUREMENTS OF
OF EPITAXIAL PbTe FILMS GROWN BY ION- DEUTERIUM LOADING IN THIN FOIL ELECTROCHEMI-
ASSISTED RF MAGNETRON SPUTTERING, J.G. Cook, CAL CELLS, J.A.Jna2R, T.R. Guilinger, M.J.
S.R. Das, National Research Council of Kelly, D. Walsh, and B.L. Doyle, Sandia
Canada, Laboratory for Microstructural National Laboratories, Albuquerque, NM.
Sciences, Ottawa, Canada: and M. Phipps,
University of Ottawa, Department of Physics,
Ottawa, Canada.
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A6.20 ON THE STABILITY OF METASTABLE AND A6.31 AES AND IR SPECTROSCOPIC STUDIES OF
AMORPHOUS PVD-COMPOUND FILMS, Otto Knotek, SOI STRUCTURES FORMED BY ION IMPLANTATION,
Frank Jungblut, and Arman Barimani, Techni- Yu Yuehui, Lin Chenglu, and Zou Shichang,
cal University Aachen, Aachen, West Germany. Shanghai Institute of Metallurgy, Ion Beam

Laboratory, Shanghai, China; and P.L.F.
A6.21 ANALYSIS OF ELEMENTS IN FINGERNAILS Hemment, University of Surrey, Department of
BY RUTHERFORD BACKSCATTERING SPECTROSCOPY, Electronic and Electrical Engineering,
P. Madakson, IBM T.J. Watson Research Cen- Guildford, Surrey, United Kingdom.
ter, Yorktown, Heights, NY.

A6.32 FORMATION OF BURIED OXYNITRIDE
A6.22 SECONDARY IONIZATION DURING ION LAYER INTO SILICA GLASS USING ION BEAM,
BOMBARDMENT OF Rh{lll), Geoffrey p, Keiji Oyoshi, Takashi Tagami and Shuhei
Malafsky, Naval Research Lab, Washington, Tanaka, Nippon Sheet Glass Co., Ltd.,
DC; and Nicholas Winograd, Pennsylvania Tsukuba Research Laboratory, Ibaraki, Japan.
State University, Department of Chemistry,
University Park, PA. A6.33 EVALUATION OF COMPOSITIONAL CHANGE

IN MASKLESSLY DEPOSITED LINES BY MICRO-RBS
A6.23 ION BEAM MIXING OF MULTILAYERED CoB ANALYSIS, A. Kinomura, Y.F. Lu, M. Takai, S.
THIN FILMS, Q, Choe and R.M. Walser, The Namba, Osaka University, Faculty of Engi-
Univ. of Texas at Austin, Center for Mate- neering Science and Research Center for
rials Science & Engineering, Dept. of Elec- Extreme Materials, Osaka, Japan; M. Satou
trical & Computer Engineering, Austin, TX. and A. Chayahara, Government Industrial

Research Institute Osaka, Osaka, Japan.
A6.24 CHARGE STATES OF HEAVY IONS IN A
UNIFORM ELECTRON GAS, A.M. Mazzone, CNR- A6.34 DEPENDENCE OF COMPOSITION AND
Istituto LAMEL, Bologna, Italy. STRUCTURE OF ION-ASSISTED BORON NITRIDE THIN

FILMS ON PROCESS PARAMETERS, T.G. Tetreault,
A6.25 STUDY OF THE EVOLUTION OF THE J.K. Hirvonen, and G.R. Parker, Spire Corpo-
BURIED Si0 2 LAYER FORMED BY MULTIPLE LOW ration, Bedford, MA; P. Kullen, T. McDevitt,
DOSE OXYGEN IMPLANTATION INTO SILICON, F. Mellon Institute, Pittsburgh, PA; and J.P.
Namavar and E. Cortesi, Spire Corporation, Hirvonen, Los Alamos National Laboratory,
Bedford, MA. Los Alamos, NM.

A6.26 MICROSTRUCTURAL STUDIES OF MYLAR A6.35 COBALT SILICIDE FORMATION ON Si
(PET) USING CRYOFRACTURING SYSTEM AND SEM, SUBSTRATE HEAVILY DOPED WITH ARSENIC IONS,
A.K. Niam, Ramji Pathak, R.N. Chakraborty V.V. Tokarev, BSSR Academy of Sciences,
and U.K. Chaturvedi, Banaras Hindu Univer- Institute of Solid State and Semiconductor
sity, VDG Lab., Department of Physics, Physics, Minsk, USSR.
Varanasi, India.

A6.36 TITANIUM SILICIDE FORMATION ON
A6.27 FORMATION OF METASTABLE SILICIDE MONO- AND POLYCRYSTALLINE Si ENHANCED BY
PHASE UNDER THERMAL ANNEALING AND BEAM ARGON IMPLANTATION, V,V. Tokarev, A.I.
IRRADIATION OF Ni/Si THIN FILM BILAYERS, Demchenko, U.Ch. Dulinets, BSSR Academy of
Muhammad Z. Numan and Lim poh Leng, Indiana Sciences, Institute of Solid State and
University of Pennsylvania, Physics Depart- Semiconductor Physics, Minsk, USSR.
ment, Indiana, PA.

A6,3 ION BEAM MIXING OF LANTHANUM OXIDES
A6.28 MICROSTRUCTURAL CHARACTERIZATION OF AND COPPER MULTILAYERS, J.P. Mathevet and A.
TEXTURE IN TUNGSTEN FILMS MADE BY ION- Traverse, Centre de Spectrom~trie Nucldaire
ASSISTED EVAPORATION, K.BRaian, Rensselaer et de Spectrom~trie de Masse, Orsay, France.
Polytechnic Institute, Troy, NY; R.A. Roy,
R. Petkie, and K.V. Ramanathan, IBM T.J. L6.38 ION BEAM MIXING OF METALLIC MULTI-
Watson Research Center, Research Division, LAYERS, Agn~s Traverse, Centre de Spectro-
Yorktown Heights, NY. m~trie Nucl~aire et de Spectrom~trie de

Masse, Orsay, France.
A6.29 DEPOSITION OF THIN METALLIC FILMS
BY HIGH POWER ION BEAM TARGET EVAPORATION, A6.39 EFFECT OF IMPLANTATION CONDITIONS
A. N. Zakutaev, I.F. Isakov, G.E. Remnev, ON THE MICROSTRUCTURE OF HIGH-DOSE OXYGEN
Nuclear Physics Institute, Tomsk, USSR. IMPLANTED SILICON-ON-INSULATOR MATERIAL, S,

Visitserngtrakul, Arizona State University,
A6.30 COMPUTER SIMULATION OF ION BEAM Department of Chemical, Bio and Materials
ENHANCED DEPOSITION OF TITANIUM NITRIDE Engineering, Tempe, AZ; B.F. Cordts, Ibis
FILMS, Wang Xi, Zhou Jiankun, Chen Youshan, Technology Corporation, Danvers, MA; and S.
Liu Xianghuai, and Zou Shichan, Shanghai Krause, Arizona State University, Department
Institute of Metallurgy, Ion Beam Labora- of Chemical, Bio and Materials Engineering,
tory, Shanghai, China. Tempe, AZ.
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A6.40 THE CORROSION RESISTIVITY OF CERMET 10:45 A7.6
COATINGS MADE BY ION BEAM TREATMENT, Tian OPTICAL WAVEGUIDE FABRICATION BY STOICHIO-
Wei, and Cai Weiping, Wuhan Iron and Steel METRIC IMPLANTATION OF Ti AND 0 INTO LiNbO 3 ,
University, Metallic Materials Department, D.B. Poker, Oak Ridge National Laboratory,
Wuhan, China. Solid State Division, Oak Ridge, TN; and W.

Xia, University of California-San Diego,
A6.41 INVESTIGATION OF OXIDE/METAL MULTI- Department of Electrical and Computer Engi-
LAYERS FOR SOFT X-RAY OPTICS FABRICATED BY neering, La Jolla, CA.
ION BEAM SPUTTERING, I. Kataoka, K. Ito, T.
Yonemitsu, K. Etoh, N. Hoshi, and I. Yamada, 11:00 A7.7
Japan Aviation Electronics Industry, Ltd., MODIFICATION OF THE WEAR PROPERTIES OF
Research and Development Department, Tokyo, DIAMOND USING ION BEAM IRRADIATION, Gregory
Japan. C. Anderson and Steven Prawer, Royal Mel-

bourne Institute of Technology, Microelec-
A42 MOLECULAR DYNAMICS SIMULATIONS OF tronics and Materials Technology Centre,
IONIZED CLUSTER BEAM DEPOSITION, Hornuming Melbourne, Australia.
Hsieh, R.S. Averback, Department of Ma-
terials Science and Engineering, University 11:15 A7.8
of Illinois, Urbana, IL; and R. Benedek, THE EFFECT OF ION INDUCED DAMAGE ON THE
Argonne National Laboratory, Argonne, IL. MECHANICAL PROPERTIES OF ZIRCONIA, E.L.

Fleischer, T.L. Alford, P. Borgesen, P.
SESSION A7: BEAM MODIFICATION OF Revesz, J.W. Mayer, Cornell University,

CERAMICS AND SUPERCONDUCTORS Materials Science and Engineering, Ithaca,
Chairs: S. P. Withrow and C. J. McHargue NY; and W. Hertl, Corning Inc., Corning, NY.

Thursday Morning, November 30
Salon E (M) 11:30 A7.9

THE FORMATION OF A SOLID LUBRICANT BORON
8:30 *A7.1 NITRIDE IN B4 C BY ION IMPLANTATION AND LASER

ION BEAM MODIFICATION OF HIGH Tc SUPERCON- ANNEALING, Robert R. Reeber, Ning Yu, Uni-
DUCTORS, 0. Meyer, J. Geerk, G. Linker, B. versity of North Carolina, Department of
Strehlau, X.X. Xi, Kernforschungszentrum Physics and Astronomy, Chapel Hill, NC; Wei-
Karlsruhe, Institut fur Nukleare Festkorper- Kan Chu, University of Houston, Texas Center
physik, Karlsrue, West Germany. for Superconductivity and Department of

Physics, Houston, TX; and Robert P. Kusy,
9:00 *A7. University of North Carolina, Dental

STRUCTURE OF AMORPHOUS A120 3 PRODUCED BY ION Research Center, Chapel Hill, NC.
IMPLANTATION, C.J. McHargue, P.S. Sklad, P.
Angelini, C.W. White and J.C. McCallum, Oak 11:45 A7.10
Ridge National Laboratory, Metals and Ceram- CRYSTALLIZATION OF INTRINSIC AMORPHOUS
ics Division, Oak Ridge, TN. LAYERS PRODUCED BY STOICHIOMETRIC IMPLANTA-

TION OF Al AND 0 IONS IN a-AXIS ORIENTED
9:30 A7.3 A1203 SINGLE CRYSTALS, W. Zhou, D.X. Cao,

INFLUENCE OF ION BEAM MIXING ON THE GROWTH and D.K. Sood, Royal Melbourne Institute of
OF HIGH TEMPERATURE OXIDE SUPERCONDUCTING Technology, Microelectronics and Materials
THIN FILM, N. Bordes, A.D. Rollet, M. Cohen, Technology Centre, Melbourne, Australia.
M. Nastasi, Los Alamos National Laboratory,
Department MEE 11, Los Alamos, NM. SESSION A8: BEAM MODIFICATION OF

SEMICONDUCTORS
9:45 A7.4 Chairs: E. Chason and M. J. Aziz
INTERACTION BETWEEN IMPLANTED IONS AND Thursday Afternoon, November 30
INTRINSIC DEFECTS IN SILICA, R.H. Magruder, Salon E (M)
Belmont College, Nashville, TN; R.A. Weeks,
Vanderbilt University, Nashville, TN; and R. 1:30 A8.1
Zuhr, Oak Ridge Laboratory, Oak Ridge, TN. AMORPHOUS TO CRYSTALLINE PHASE TRANSFORMA-

TIONS IN HIGH DOSE ION IMPLANTED SILICON,
10:00 BREAK R.P. Thornton, R.G. Elliman, Y.H. Li, A.P.

Pogany, Royal Melbourne Institute of Tech-
10:30 A7.5 nology, Microelectronics and Materials
REFRACTIVE INDEX PROFILES OF HIGH DOSE Ti Technology Centre, Melbourne, Australia; E.
IMPLANTED OPTICAL WAVEGUIDES IN LiNb03 , T. Nygren, Ohio State University, Materials
Bremer, Universitat, FB. Physik, Osnabrick; Science and Engineering, Columbus, OH; and
and C, R. Irmscher, KFA, Jilich, J.S. Williams, Royal Melbourne Institute of
Institut f~r Schicht-und Ionentechnik, Technology, Microelectronics and Materials
Julich, West Germany. Technology Centre, and Australian National

University, Electronic Materials Engineering
Department, Melbourne, Australia.

8



1:45 A8.2 3:45 A8.8
STRESS AND PLASTIC FLOW IN SILICON DURING COMPARISON OF THE EFFECTS OF N-TYPE AND P-
AMORPHIZATION BY ION-BOMBARDMENT, C.A. TYPE HYDROGENIC IMPURITY CONCENTRATIONS ON
Volkert, AT&T Bell Laboratories, Murray THE SOLID PHASE EPITAXIAL GROWTH OF AMOR-
Hill, NJ. PHOUS SILICON, Young-Jin Jeon, University of

Texas, Center for Materials Science and
2:00 A8.3 Engineering, Austin, TX; Won-Woo Park, M.F.

STRUCTURAL CHARACTERIZATION OF DAMAGE IN Becker, and R.M. Walser, University of
Si(100) PRODUCED BY MeV Si+-ION IMPLANTATION Texas, Department of Electrical and Computer
AND ANEALING, M.K. EI-Ghor, O.W. Holland, Engineering, Austin, TX.
C.W. White, and S.J. Pennycook, Oak Ridge
National Laboratory, Oak Ridge, TN. 4:00 A8.9

COMPARISON OF MeV AND key ION DAMAGE IN
2:15 A8.4 GaAs, S.T. Johnson, Royal Melbourne Insti-

GETTERING OF CU AT BURIED DAMAGE LAYERS MADE tute of Technology, Microelectronics and
BY SI SELF IMPLANTATION, J.R. Liefting, R.J. Materials Technology Centre, Melbourne,
Schreutelkamp, W.X. Lu and F.W. Saris, FOM Australia; J.S. Williams, Royal Melbourne
Institute for Atomic and Molecular Physics, Institute of Technology, Microelectronics
Amsterdam, The Netherlands. and Materials Technology Centre, and Austra-

lian National University, Electronic Mate-
2:30 A8.5 rials Engineering Department, Melbourne,

ANNEALING TEMPERATURE DEPENDENCE OF THE Australia; and R.G. Elliman, Royal Melbourne
ELECTRICAL ACTIVITY OF HIGH-DOSE Sb ION Institute of Technology, Microelectronics
IMPLANTS IN (100) SILICON, S.N. Kumar, G. and Materials Technology Centre, Melbourne,
Chaussemy, A. Laugier, I.N.S.A. Lyon, Labor- Australia.
atoire de Physique de la Matiere, Villeur-
banne, France; M. Charbonnier, and M. 4:15 A8.10
Romand, CNRS, Laboratoire de Chimie IN SITU CRYSTALLIZATION STUDY OF Kr ION
Appliquee, Villeurbanne, France; and B. AMORPHIZED Ge BY THERMAL ANNEALING WITH TEM,
Canut, Universitb Claude Bernard, Labora- Lu-Min Wang, Robert C. Birtcher, and Lynn E.
toire de Physique des Materiaux, Villeur- Rehn, Argonne National Laboratory, Materials
banne, France. science Division, Argonne, IL.

2:45 A8.6 4:30 A8.U1
ANNEALING BEHAVIOUR OF BURIED AMORPHOUS ION IMPLANT ACTIVATION AND REDISTRIBUTION IN
LAYERS FORMED BY MEV 11 5IN+ IMPLANTATION IN AlxGal-xAs, S.J. Pearton, w.S. Hobson, A.E.
SI(100), R.J. Schreutelkamp, J.R. Liefting, Von Neida, AT&T Bell Laboratories, Murray
FOM-Institute for Atomic and Molecular Hill, NJ; N.M. Haegel, University of Cali-
Physics, Amsterdam, The Netherlands; W.X. fornia, Department of Materials Science, Los
Lu, FOM-Institute for Atomic and Molecular Angeles, CA; K.S. Jones, University of
Physics, Amsterdam, The Netherlands and Florida, Department of Materials Science,
Beijing Normal University, Beijing, China; Gainesville, FL; N. Morris and B.J. Sealy,
and Z.L. Wang. B.X. Zhang, Beijing Normal University of Surrey, United Kingdom.
University, Beijing, China.

4:45 A8.12
3:00 BREAK DOPANT SITE LOCATION IN DUAL-IMPLANTED GaP

USING DEPTH OSCILLATIONS OF {111) PLANAR
3:30 A8.7 CHANNELING TECHNIQUE, N.R. Parikh, C.T. Kao,

KINETICS AND MICROSTRUCTURE OF TRANSIENTLY D.R. Lee, J. Muse, M.L. Swanson, Univ. of
ANNEALED IMPLANTED POLYCRYSTALLINE SILICON North Carolina, Department of Physics and
LAYERS, J.M.C. England, P.J. Timans, R.A. Astronomy, Chapel Hill, NC; and T.E. Haynes,
McMahon, H. Ahmed, Cambridge University, Oak Ridge National Lab., Oak Ridge, TN.
Microelectronics Research Laboratory, Cam-
bridge, United Kingdom; C. Hill, P.D. SESSION A9: POSTER SESSION II
Augustus and D.R. Boys, Plessey Research, Chairs: Peter Borgesen, James A. Knapp
Allen Clerk Research Centre, Caswell, and Ray A. Zuhr
Towcester, United Kingdom. Thursday Evening, November 30

7:00 p.m. - 10:00 p.m.
America Ballroom (W)

A9.1 IN-SITU STUDY OF RADIATION DAMAGE
IN V 20 5 INDUCED BY LOW ENERGY ELECTRONS,
Hanjie Fan, Rebecca Ai and Laurence D.
Marks, Northwestern University, Department
of Materials Science and Engineering, Evans-
ton, IL.
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A92 As AND B ION IMPLANTATION THROUGH & CONDENSATION OF ULTRAFINE SILICA
Mo AND INTO Mo-SILICIDE LAYERS FOR SHALLOW FROM A LASER-INDUCED PLUME, Gan-Moop Chow,
JUNCTION FORMATION, R. Angelucci, M. Merli, Naval Research Laboratory, Composites and
S. Solmi, A. Armigliato, R. Fabbri, E. Ceramics Branch, Washington, DC; and Peter
Gabilli and A. Poggi, CNR - Instituto LAMEL, R. Strutt, University of Connecticut, In-
Bologna, Italy. stitute of Materials Science, Storrs, CT.

A9.3 CHARACTERIZATION OF N AND B A9.12 LASER VAPORIZATION AND DEPOSITION
IMPLANTED FUSED SILICA, G.W. Arnold and R.K. OF LEAD ZIRCONATE TITANATE, Peter K.
Brow, Sandia National Laboratories, Schenck, Lawrence P. Cook, National Insti-
Albuquerque, NM. tute of Standards and Technology, Gaithers-

burg, MD; Jiarong Zhao, Chinese Academy of
EXCIMER LASER INDUCED CRYSTALLIZA- Science, Beijing, China; John W. Hastie,

TION OF AMORPHOUS SILICON NEAR THRESHOLD, Edward N. Farabaugh, Chwan-Kang Chiang, Mark
R.Z. Bachrach, K. Winer, J.B. Boyce, F. D. Vaudin, National Institute of Standards
Ponce, S.E. Ready, R.I. Johnson and G.B. and Technology, Gaithersburg, MD; and Philip
Anderson, Xerox Palo Alto Research Center, S. Brody, Harry Diamond Laboratories,
Palo Alto, CA. Adelphi, MD.

M9.5 ELECTRON BEAM INDUCED RADIATION A91 PHOSPHORUS IMPLANTATION OF 304L
DAMAGE IN SUPERCONDUCTORS, S. Basu, T. Roy, STAINLESS STEEL, E.C. Cooney, D.I. Potter,
T.E. Mitchell and M. Nastasi; Los Alamos The University of Connecticut, School of En-
National Laboratory, Los Alamos, NM. gineering, Institute of Materials Science,

Metallurgy Department,Storrs, CT; N.L. Lee
A9.6 DUAL IMPLANTATION OF Ti AND C INTO and G.B. Fisher, General Motors Research
SINTERED a-SiC AND HOT PRESSED Si3N 4 , H.S. Laboratories, Physical Chemistry Department,
Bhattacharva, A.K. Rai, and D. Patrizio, Warren, MI.
University Energy Systems, Inc., Dayton, OH.

A9.14 DENSITY OF AMORPHIZED SILICON AND
A9.7 X-RAY AND RAMAN TOPOGRAPHIC STUDIES ITS CORRELATION WITH STRUCTURE, J.S. Custer,
OF Si-ION IMPLANTED, PULSED-LASER-ANNEALED Michael 0. Thompson, Cornell University,
GaAs, R.C. Bowman Jr., P. Adams, J.T. College of Engineering, Department of Mate-
Knudsen, Aerospace Corporation, Los Angeles, rials Science and Engineering, Ithaca, NY;
CA; H.D. Yao, University of Nebraska, Center J.M. Poate, D.C. Jacobson, AT&T Bell Labora-
for Microelectronic and Optical Materials tories, Murray Hill, NJ; S. Roorda, W.C.
Research, Lincoln, NE; and A.D. Compaan, Sinke, FOM Institute for Atomic and Molecu-
University of Toledo, Physics and Astronomy lar Physics, Amsterdam, The Netherlands; and
Department, Toledo, OH. F. Spaepen, Harvard University, Cambridge,

MA.
A9.8 SURFACE REACTIONS OF NiO AND CoO IN
THE ELECTRON MICROSCOPE ENVIRONMENT, Mary . A915 NOBLE GAS ION IMPLANTATIONS IN
Bj and L.D. Marks, Northwestern Univer- LASER TREATED MATERIALS, J.Th.M. De Hosson,
sity, Department of Materials Science and Materials Science Centre, Department of
Engineering, Evanston, IL. Applied Physics, Groningen, The Netherlands.

A9.9 SUBNANOSECOND TIME-RESOLVED ELEC- A FEMTOSECOND LASER MELTING OF
TRON DIFFRACTION FROM THIN CRYSTALLINE GOLD GRAPHITE, D.H. Reitze, X. Wang, H. Ahn and
FILMS, Hsiu-Cheng Chen, University of M.C. Downer, University of Texas at Austin,
'Rochester, Laboratory for Laser Energetics Physics Department, Austin, TX.
and Department of Physics and Astronomy,
Rochester, NY; Gerard Mourou, University of A9,17 FORMATION OF DEFECT-FREE SHALLOW
Michigan, Department of Electrical Engineer- JUNCTIONS BY LOW-TEMPERATURE RAPID THERMAL
ing and Computer Science, Ann Arbor, MI; and ANNEALING, H.K. El-Ghor, S.J. Pennycook, and
Robert Knox, University of Rochester, R.A. Zuhr, Oak Ridge National Laboratory,
Department of Physics and Astronomy, Roches- Oak Ridge, TN.
ter, NY.

A9.18 A COMPARISON OF LOW AND HIGH DOSE
A9.iQ IRRADIATION INDUCED METASTABLE GALLIUM ION IMPLANTED POLYCRYSTALLINE SILI-
PHASE FORMATION IN AMORPHOUS THIN FILMS CON, H.B. Harrison, Griffith University,
DEPOSITED BY MAGNETRON COSPUTTERING, Oing- Microelectronics Department, Brisbane,
MingChn, Huazhong University of Science Australia; A.P. Pogany, D.X. Cao, MMTL,
and Technology, Wuhan, China; Yu-Dian Fan RMIT, Melbourne, Australia; and Y. Komen,
and Heng-De Li, Tsinghua University, Technion, Israel.
Beijing, China.
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A9.19 DIFFUSION OF CARBON IN TEMPERED A9.27 MOSSBAUER STUDY OF THE DEFECT
MARTENSITIC STEEL DURING LASER MELTING, J-P. STRUCTURES AROUND Te IMPLANTED IN Alx-
Hirvonen, T.R. Jervis and T.G. Zocco, Los GalxAs, H. Bemelmans and G. Lanoucb-e,
Alamos National Laboratory, Materials University of Leuven, Instituut voor Kern-
Science and Technology Division, Los Alamos, en Stralingsfysica, Leuven, Belgium; and G.
NM. Borghs, IMEC, Leuven, Belgium.

A9.20 RAPID THERMAL ANNEALING OF Si+ AND A9.28 ION BEAM METHOD TO STUDY FRACTAL
P+ DUALLY IMPLANTED InP, Shen Honalie, Yang AGGREGATION OF MAGNETIC PARTICLES IN THIN
Genqing, Zhou Zuyao, and Zou Shichang, FILMS, J.R. Ding, L.J. Huang, Tsinghua
Shanghai Institute of Metallurgy, Ion Beam University, Department of Materials Science
Laboratory, Shanghai, China. and Engineering, Beijing, China; and B.X.

Liju, Tsinghua University, Department of
A9.21 MODELING OF LOCALIZED MELTING OF Materials Science and Engineering, and
THIN Si FILMS IN ZONE-MELTING RECRYSTALLIZA- Center of Condensed Matter and Radiation
TION, J.S. Im, Massachusetts Institute of Physics, CCAST (World Lab.), Beijing, China.
Technology, Department of Materials Science
and Engineering, Cambridge, MA, and Mas- A9.29 MODIFICATION OF NITRIDE CERAMIC
sachusetts Institute of Technology, Lincoln STRUCTURE AND RESISTIVITY BY ION BEAMS, V.V.
Laboratory, Lexington, MA; J.D. Lipman, I.N. Lopatin and A.V. Kabyshev, High Voltage
Miaoulis, Tufts University, Mechanical Institute, Tomsk, USSR.
Engineering Department, Medford, MA; C.K.
Chen, Massachusetts Institute of Technology, A9.30 REDUCTION IN SECONDARY DEFECT
Lincoln Laboratory, Lexington, MA; and C.V. FORMATION IN MEV ION IMPLANTED SI(100), W.X.
Thompson, Massachusetts Institute of Tech- Lu, R.J. Schreutelkamp, J.R. Liefting, and
nology, Department of Materials Science and F.W. Saris, FOM-Institute for Atomic and
Engineering, Cambridge, MA. Molecular Physics, Amsterdam, The Nether-

lands.
A9.22 EFFECTS OF NITROGEN ION IMPLANTA-
TION IN 304 STAINLESS STEEL AT HIGH TEMPERA- A9.31 AMORPHOUS METALLIC NiTi ALLOYS
TURES, Sadhna Shrivastava, Ram D. Tarey, FORMED BY PLASMA ION MIXING, Xiaoci Zhena,
M.C. Bhatnagar, Amitabh Jain and K.L. R. Arthur Dodd, University of Wisconsin,
Chopra, Indian Institute of Technology, New Materials Science Department, Madison, WI;
Delhi, India. John R. Conrad and Frank Worzala, University

of Wisconsin, NEEP and Materials Science De-
A9.23 ANALYTICAL STUDY OF EFFECT OF partment, Madison, WI.
ARSENIC CONCENTRATION ON SOLID PHASE EPITAX-
IAL GROWTH OF AMORPHOUS SILICON, Young-Jin A9.32 LASER PULSE TRIGGERING OF THE
Jeon, University of Texas, Center for Ma- EXPLOSIVE CRYSTALLIZATION IN AMORPHOUS Si
terials Science and Engineering, Austin, TX; AND Ge THIN FILMS, L4. Marine and J.
M.F. Becker and R.M. Walser, University of Marfaing, UA CNRS, Faculte des Sciences de
Texas, Department of Electrical and Computer Luminy, D~partement de Physique, Marseille,
Engineering, Austin, TX. France.

A9.24 ION CHANNELING MEASUREMENTS OF A HREM OF ELECTRON BEAM INDUCED
STRAIN IN GERMANIUM IMPLANTED AND ANNEALED AMORPHIZATION AND PHASE TRANSFORMATION IN
SILICON, E.A. Johnson and F. Namavar, Spire M0O 3 CRYSTAL, Shri R. Singh, Carnegie Mellon
Corporation, Bedford, MA; and R.J. University, MEMS Department, Pittsburgh, PA;
Culbertson, U.S. Army Materials Technology and Laurence D. Marks, Northwestern Univer-
Laboratory, Watertown, MA. sity, Center for Radiation Damage Studies,

Department of Materials Science and En-
A9.25 LOW ENERGY Si AND Sn IMPLANTATION gineering, Evanston, IL.
OF GaAs, K.S. Jones, W.S. Rubart, L.
Seiberling, University of Florida, Gaines- A9.34 THE EFFECTS OF ANNEALING ON THE
ville, FL; and D.K. Sadana, IBM T.J. Watson STRUCTURE AND DISTRIBUTION OF CHARGE STATES
Research Center, Yorktown Heights, NY. OF IRON IMPLANTED INTO a-AI203 AT 77K, C.J.

Mag, P.S. Sklad, J.C. McCallum and C.W.
A926 HIGHLY STABLE W/p-In 0.5 3Ga0 .4 7As White, Oak Ridge National Laboratory, Metals
OHMIC CONTACTS FORMED BY RAPID THERMAL and Ceramics Division, Oak Ridge, TN; A.
PROCESSING, A. Katz, R.F. Karlickek Jr., Perez and G. Marest, University Claude
J.D. Wynn, B.E. Weir, D. Maher, P.M. Thomas, Bernard, Villeurbanne, France.
M. Soler, W.C. Dautremont-Smith, and L.C.
Kimerling, AT&T Bell Laboratories, Murray A9.35 QUALITATIVE MODEL FOR SURFACE
Hill, NJ. RIPPLING OF ZONE MELTING RECRYSTALLIZED

SILICON-ON-INSULATOR LAYERS, Paul W. Mertens
and Herman E. Maes, IMEC, Leuven, Belgium.
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A9.36 PARAMETRIC STUDY OF THE ZONE-MELT- A9.45 CONCENTRATION DEPENDENCE OF STRUC-
ING-RECRYSTALLIZATION PROCESS OF SOI STRUC- TURE AND CONTACT ELECTRONIC DENSITY IN IRON
TURES, Joseph Lipman, Ioannis N. Miaoulis, IMPLANTED SILICON, Francisco H. Sanchez and
Tufts University, Mechanical Engineering Marcela B. Fernanu4 van Raap, Universidad
Department, Medford, MA; and Jim S. Im, Mas- Nacional de La Plata, Departamento de
sachusetts Institute of Technology, Mate- Fisica, La Plata, Argentina.
rials Science and Engineering Department,
Cambridge, MA. A9.46 CHANGE IN MAGNETIC CHARACTERISTIC

OF 301 STAINLESS STEEL IRRADIATED WITH LASER
A9.37 THE EFFECT OF CHROMIUM IMPLANTATION AND ION BEAMS, H. Sanda, M. Takai and S.
ON THE FRACTURE STRENGTH OF A1203 , M.E. Namba, Osaka University, Faculty of Engi-
O'Hern, C.J. McHargue, C.W. White, Oak Ridge neering Science and Research Center for
National Laboratory, Oak Ridge, TN; and G.C. Extreme Materials, Electrical Engineering
Farlow, Wright State University, Dayton, OH. Department, Osaka, Japan.

A ION-IMPLANTATION INDUCED AMORPHIZA- A9.47 TRANSIENT DIFFUSION IN BORON ION
TION OF CERAMIC OXIDES, D.F. Pedraza, Oak IMPLANTED SI(100), R.J. Schreutelkamp, FOM-
Ridge National Laboratory, Metals and Ceram- Institute for Atomic and Molecular Physics,
ics Division, Oak Ridge, TN. Amsterdam, The Netherlands; R.E. Kaim,

J.F.M. Westendorp, Varian/Extrion Division,
A9.39 METASTABLE STATES AND INCREASE IN Beverly, MA; K.T.F. Janssen, J.J.M.
CORROSION-MECHANICAL RESISTANCE IN STEELS Ottenheim, Philips Research Laboratories,
IRRADIATED BY HIGH POWER ION BEAMS, A.D. Eindhoven, The Netherlands; and F.W. Saris,
Pogrebnjak, V.P. Kushnarenko, N.N. Shabanov, FOM-Institute for Atomic and Molecular
Nuclear Physics Institute, Tomsk, USSR; A.K. Physics, Amsterdam, The Netherland.
Maksimov, Yu.M. Iesikov, V.M. Yugai, Tengiz-
neftegas, Kulsary Department, Kaz, USSR. A9.48 RBS STUDIES OF DAMAGE BEHAVIOR IN

SILICON INDUCED BY P2
+ IMPLANTATION, Yang

A9.40 ION BEAM INDUCED CONDUCTIVITY Genqing, Lin Chenglu, Fang Ziwei, Zhou
CHANGES IN GLASSY CARBON, Douglas McCulloch Zuyao, and Zou Shichang, Shanghai Institute
and Steven Prawer, Royal Melbourne Institute of Metallurgy, Ion Beam Laboratory,
of Technology, Microelectronics and Materi- Shanghai, China.
als Technology Centre, Melbourne, Australia.

A9.49 INVESTIGATION ON MECHANISMS FOR ION

A9.41 SYNTHESIS OF MoS 2 PHASE IN THE NEAR BEAM INDUCED DEGRADATION OF POLYIMIDE, X.L.
SURFACE REGION OF AI20 3 AND ZrO 2 BY ION Xu, Zhou Zuyao, Chen Lizhi, Zou Shichang,
IMPLANTATION, A.K. Rai, R.S. Bhattacharya, Shanghai Institute of Metallurgy, Ion Beam
and D. Patrizio, Universal Energy Systems, Laboratory, Shanghai, China.
Inc., Dayton, OH.

A9.50 EVALUATION OF SURFACE EFFECT ON

A942 EFFECT OF T-RADIATION ON PHYSICO- DISLOCATION LOOP NUCLEATION, Naoto
CHEMICAL PROPELTIES OF LANTHANUM COBALTATE Shigenaka, Tsuneyuki Hashimoto, and Motomasa
(LaCoO3 ), B. Srinivas, V.R.S. Rao, and J.C. Fuse, Hitachi Ltd., Energy Research Labora-
Kuriacose, Indian Institute of Technology, tory, Ibaraki, Japan.
Department of Chemistry, Madras, India.

A9.51 STRUCTURAL ANALYSIS OF METASTABLE
A9.43 STRUCTURAL AND THERMODYNAMIC PHASES IN INTERMETALLIC ALLOYS PRODUCED BY
,PROPERTIES OF AMORPHIZED Si FORMED BY MeV Si ELECTRON IRRADIATION AND NON-EQUILIBRIUM
BEAMS, S. Roorda, W.C. Sinke, FOM Institute PROCESSING, W. Sinkler and D.E. Luzzi,
for Atomic and Molecular Physics, Amsterdam, University of Pennsylvania, Department of
The Netherlands; J.M. Poate, D.C. Jacobson, Materials Science, Philadelphia, PA.
S. Dierker, B.S. Dennis, AT&T Bell Labora-
tories, Murray Hill, NJ; P. Fuoss, AT&T Bell A9.52 SPATIAL DAMAGE DISTRIBUTION IN
Laboratories, Holmdel, NJ; and F. Spaepen, ELECTRON-BEAM PROCESSED GAAS-ALGAAS HETERO-
Harvard University, Cambridge, MA. STRUCTURES, EXPERIMENT AND THEORY, Doran D.

Smith, U.S. Army, Electronics Technology and
A9.44 THE ROLE OF ION BEAMS IN CHANGING Devices Laboratory, Department SLCET-ED, Ft.
THE STATE OF RELAXATION OF AMORPHIZED Si, S. Monmouth, NJ; Tobin Fink, New Jersey In-
Roorda, W.C. Sinke, FOM Institute for Atomic stitute of Technology, Physics Department,
and Molecular Physics, Amsterdam, The Neth- Newark, NJ; and W.D. Braddock, U.S. Army,
erlands; J.M. Poate, S. Dierker, B.S. Electronics Technology and Devices Labora-
Dennis, D.C. Jacobson, AT&T Bell Laborator- tory, Department SLCET-ED, Ft. Monmouth, NJ
ies, Murray Hill, NJ; and F. Spaepen, and Cornell University, Ithaca, NY.
Harvard University, Cambridge, MA.
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A9.53 ION IMPLANTATION INDUCED EFFECTS AT SESSION A10: FAST TRANSIENT PROCESSING
POLYSILICON GATE FEATURE EDGES, M.G. Chairs: P. S. Peercy and J. A. Knapp
Stinson, Microelectronics Center of North Friday Morning, December 1
Carolina, Research Triangle Park, NC, and Salon E (M)
North Carolina State University, Department
of Electrical and Computer Engineering, 8:30 *A1O.1
Raleigh, NC; P.L. Smith, Microelectronics TRANSIENT CONDUCTANCE MEASUREMENTS, M.O.
Center of North Carolina, Research Triangle Thorpson, Cornell University, Department of
Park, NC; and C.M. Osburn, Microelectronics Materials Science and Engineering, Ithaca,
Center of North Carolina, Research Triangle NY.
Park, NC, and North Carolina State Univer-
sity, Department of Electrical and Computer 9:00 A10.2
Engineering, Raleigh, NC. FREEZING IN SILICON AT LARGE JUNDERCOOLING,

A. Polman, P.A. Stolk and W.C. Sinke, FOM-
A9.54 FAST TRANSIENT ANNEALING OF NEUTRON Institute AMOLF, Amsterdam, The Netherlands.
TRANSMUTATION DOPED InP, F.P. Korshunov,
E.A. Kudriavtseva, N.A. Sobolev, T.A. 9:15 A10.3
Prokhorenko, and N.G. Kolin, Institute of TRANSIENT CONDUCTANCE MEASUREMENTS OF SOLID-
Solid State and Semiconductor Physics, IFICATION VELOCITIES OF ELEMENTAL METALS,
Minsk, USSR. Harry A. Atwater, California Institute of

Technology, Pasadena, CA; J.A. West, Patrick
A9.55 EFFECTS OF LASER SURFACE MELTING ON M. Smith, M.J. Aziz, Harvard University,
STRUCTURE CHARACTER AND EROSION RESISTANCE Division of Applied Sciences, Cambridge, MA;
OF PLASMA-SPRAYED CERAMIC COATINGS, Jia-Shu J.Y. Tsao and P.S. Peercy, Sandia National
Sun, Tianjin Institute of Technology, Tian- Laboratories, Albuquerque, NM; and Michael
jin, China. 0. Thompson, Cornell University, Department

of Materials Science and Engineering,
A MICROSTRUCTURAL ANALYSIS OF 1 MEV Ithaca, NY.
NITROGEN IMPLANTED FE AND TI SURFACES, A.M.
Vredenberg and F.W. Saris, FOM-Institute for 9:30 A10.4
Atomic and Molecular Physics, Amsterdam, The OBSERVATION OF PULSED LASER-INDUCED MELTING
Netherlands; N.M. v.d. Pers, Th.H. de OF SOLID SURFACES BY OPTICAL SPIN ORIENTA-
Keijser, P.F. Colijn and E.J. Mittemeijer, TION, A. Vaterlaus, M. Lutz, D. Guarisco, M.
Delft University of Technology, Laboratory Aeschlimann, M. Stampanoni, and F. Meier,
of Metallurgy, Delft, The Netherlands. ETH H6nggerberg, Laboratorium fUr Festk6r-

perphysik, Zurich, Switzerland.
A9.57 CHARACTERISTICS OF METAL-p+-GaAs
SCHOTTKY BARRIER JUNCTION FORMED BY FOCUSED- 9:45 A10.5
ION-BEAM IMPLANTATION, Nobuo Watanabe, Takeo SUB-MELTING LASER INDUCED GRAIN GROWTH, S.A.
Tsukamoto and Masahiko Okunuki, Canon, "uri_, C.V. Thompson, Massachusetts Insti-
Research Center, Kanagawa, Japan. tute of Technology, Department of Materials

Science and Engineering, Cambridge, MA.
A9.58 STUDY OF Hf DIFFUSION IN a-Zr USING
RUTHERFORD BACKSCATTERING SPECTROMETRY, M. 10:00 BREAK
Behar, P.L. Grande, F.C. Zawislak, Instituto
de Fisica, UFRGS Porto Alegre, Brasil; F. 10:30 A10.6
Dyment and E. Savino Comission Nacional de PULSED LASER MELTING OF INTERMEDIATE Cu-Zn
Energia At6mica, Buenos Aires, Argentina. PHASES, D.M. Follstaedt and P.S. Peercy,

Sandia National Laboratories, Albuquerque,
A9.59 COOPERATIVE BEHAVIOR IN AN ELECTRON NM; and J.H. Perepezko, University of Wis-
STIMULATED TI-Ba-Ca-Cu-O SUPERCONDUCTOR, consin, Department of Metallurgical and
J.P. Zhang and L.D. Marks, Northwestern Mineral Engineering, Madison, WI.
University, Center for Surface Radiation
Damage Studies, Department of Materials 10:45 AI0.7
Science and Engineering, Evanston, IL. LASER MIXING OF TITANIUM ON SILICON CARBIDE,

T.R. Jervis, J-P. Hirvonen, M. Nastasi and
A9.60 THE INTERACTION OF INERT GAS IONS M.R. Cohen, Los Alamos National Laboratory,
WITH ADSORBATE-COVERED CRYOGENIC SURFACES, Materials Science and Technology Department,
Patricia M. George, John M. Lindquist, Daryl Los Alamos, NM.
L. Mossman, Gencorp Aerojet Electrosystems
Co., Azusa, CA. 11:00 A10.8

TEMPERATURE MEASUREMENT BY INFRARED TRANS-
MISSION FOR RAPID THERMAL PROCESSING AP-
PLICATIONS, J.C. Sturm, P.V. Schwartz, and
P.M. Garone, Princeton University, Dept. of
Electrical Engineering, Princeton, NJ.
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11:15 A10.9 2:45 AI.5
METASTABLE GE-SN ALLOY LAYERS PREPARED BY EXTENDED SOLID SOLUTION FORMATION IN THE Ti-
PULSED LASER MELTING, I.T.H. Chang, B. Co-Ni SYSTEM, David A. Lilienfeld and P.
Cantor, University of Oxford, Department of Borgesen, Cornell University, Ithaca, NY.
Metallurgy and Science of Materials, Oxford,
United Kingdom; and A.G. Cullis, Royal 3:00 A11.6
Signals and Radar Establishment, Worcs, CHARACTERIZATION OF HIGH-DOSE CARBON-ION-
United Kingdom. IMPLANTED AND ANNEALED Nb, J.9 iang,

Lawrence Livermore National Laboratory,
11:30 A10.10 Livermore, CA.
CHARACTERIZATION OF PULSED LASER BEAM MIXED
AuTeGaAs OHMIC CONTACTS, K. Wuyts, R 3:15 AI1.7
$ilverans, K.U. Leuven, Physics Department, STRENGTHENING OF ALUMINUM BY OXYGEN IMPLAN-
Leuven, Belgium; M. Van Hove, and M. Van TATION: EXPERIMENTAL RESULTS AND MECHANICAL
Rossum, Interuniversity Microelectronics MODELING, Roy J. Bourcier, Samuel M. Myers
Center, Leuven, Belgium. and David M. Follstaedt, Sandia National

Laboratories, Albuquerque, NM; and Douglas
11:45 A10.11 H. Polonis, University of Washington, Mate-
MELTING OF ION IMPLANTED AND RELAXED AMOR- rial Science and Engineering Department,
PHOUS SILICON, M.G. Grimaldi, P. Baeri, Seattle, WA.
Dipartimento di Fisica, Catania, Italy; and
G. Baratta, Istituto di Astronomia, Catania, 3:30 AI1.8
Italy. ION BEAM INDUCED PERCOLATION CLUSTERING IN

Al-Fe-Cu ALLOY FILMS, C.H. Shang, Tsinghua
SESSION All: BEAM MODIFICATION OF METALS University, Department of Materials Science

Chair: D. M. Follstaedt and Engineering, Beijing, China; and .X.
Friday Afternoon, December 1 Lja, Tsinghua University, Department of

Salon E (M) Materials Science and Engineering, and
Center of Condensed Matter and Radiation

1:30 *A11.I Physics, CCAST (World Lab.), Beijing, China.
MARTENSITIC TRANSFORMATIONS IN ION IMPLANTED
STAINLESS STEELS, E, University of 3:45 A11.9
Copenhagen, Physics Laboratory, Copenhagen, UNUSUAL MICROSTRUCTURES OF A METASTABLE
Denmark. CRYSTALLINE Pt5 oTi 50 ALLOY UNDER ION BOM-

BARDMENT, YL. Cen, Y.-T. Cheng, J.V.
2:00 A11.2 Mantese, and A.B. Catalan, General Motors
HARDNESS-DAMAGE CORRELATIONS IN Ta IMPLANTED Research Laboratory, Warren, MI.
SINGLE CRYSTAL Ni3Al, Gary S. Was, Univer-
sity of Michigan, Departments of Nuclear
Engineering and Materials Science and Engi-
neering, Ann Arbor, MI; and S. Mantl, KFA
Jilich, Institut fir Schicht-und Ionentech-
nik, Jtlich, West Germany.

2:15 A1I.3
IRRADIATION-INDUCED AMORPHIZATION AND SHEAR
ELASTIC INSTABILITY IN INTERMETALLIC COM-
POUNDS, J. Koike, Los Alamos National Labor-
atory, Center for Materials Science, Los
Alamos, NM; P.R. Okamoto, L.E. Rehn, R.
Bhadra, M.H. Grimsditch, Argonne National
Laboratory, Materials Science Division, Ar-
gonne, IL; and M. Meshii, Northwestern Uni-
versity, Department of Materials Science and
Engineering, Evanston, IL.

2:30 &1.4
THE EFFECT OF MICROSTRUCTURE ON THE MORPHOL-
OGY AND KINETICS OF AMORPHIZATION INDUCED BY
ION IRRADIATION, D.F. Pedraza and P.J.
Maziasz, Oak Ridge National Laboratory,
Metals and Ceramics Division, Oak Ridge, TN.
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Al .1 ous types of ion-surface interactions and island size distributions
('ente IN.RB ION B oAM S NR I 1AC 9 MOI)IFIaAI'ION, Io wI'O"nrION, to be modeled.
AND SYNTIII;SIS J. J. Cuomo, IBM Rescarch Division, T..I. Watson Research It has speculated that several different phenomena may occurCenter, P.O. Box 218, Yorktown Ileights NY 10598. amsa result of low energy ion bombardment during film growth,

including enhanced adatom diffusion, sputtering, dissociation of
Energetic particle bombardment of surfaces will change the properties of that sur- small islands and generation of new nucleation ite . Our anal-

Face according to the particle and its energy. This paper is a review of low energy

particle bombardment of surfaces during film growth. Property modifications, ysis suggests that each of these phenomena leads to a unique
deposition and compound synthesis arc presented. Energetic particle kinetic path for coarsening and very different film microtruc-
bombardment ( 100-1000 cV) during deposition alters film properties such as stress, tures. Hence it may be possible, through a study of island coars-
density, electrical resistivity, chemical purity, hydrogen distribution, Structure and ening kinetics to assess the relative importance of adatom dif-
composition. Physical properties as well as the hydrogen content of Nb, Cr, W, fusion, sputtering, island dissociation, etc. in determining film
and Cu are controlled by ion bombardment during deposition. Energetic particle
bombardment of a growing ZrO2 film reduces its porosity and increase its index microstructure resulting from ion assisted deposition.
of refraction. Changes in microstructure and orientation are found in Nb, AIN and
Group IV B nitride films. Synthesis of stable and metastable phases for high T, Al. 4
superconductors, copper oxides, CrO,, AIN, and Group IV 13 mono and higher
nitrides are also possible with energetic ion bombardment. Results on amorphous ION BEAM ASSISTED ZIRCONIUM NITRIDE FILMS.
diamond-like carbon films deposited by ion beam deposition will also be presented. I.C.Oppgnheim. Materials Science and Engineering, The Johns

Hopkins University, Baltimore, MD 21218; K. R. Padmanabhan,
Department of Physics and Astronomy, Wayne State University,

A1.2 Detroit, MI 48202.
ION BEAM-ASSISTED MBE.* E. Chason, J.Y. Tsao,
K.M. Horn, D.K. Brice and S.T. Picraux, Sandia RF sputter deposition of 500nm thick zirconium films was carried on
National Laboratories, Albuquerque, NM 87185 simultaneously with implantation of singly ionized molecular nitrogen.

Samples were prepared at room temperature (23 °C) with a nitrogen to
Simultaneous growth and ion bombardment is shown zirconium arrival ratio varying from 2.7xl0- 2 to 4.4xlO-t and with the
to enhance the smoothening of surfaces during MBE ion energy varying from 100 to 300keV.
growth under certain conditions. For example, a
500 eV Ar ion beam roughened surface at 500 C is Stoichiometry of the films and ion concentration profiles were
smoothened after less than two monolayers of d by Ruth
subsequent growth and bombardment. This beam- determined erford Backscattering Spectrometry. Results from a
enhanced smoothening phenomenon is discussed in theoretical model for the ion concentration profiles will be compared to
terms of a competetive balance between creation profiles derived from experiments. Grazing Angle X-Ray Diffraction
and annihilation of different types of surface was used to correlate nitride phase formation to processing parameters.
defects; low energy ion beams create primarily
vacancy-like defects while growth beams create Knoop microhardness of films deposited on 304 stainless steel
adatom defects. The evolution of the surface substrates were determined. The relative microhardness of the samples
is mediated by the interaction of these defects are studied as a function of parameters such as film stoichiometry and
with each other and existing ledges and clusters. ionimplantationenergy.

Real-time measurements of the kinetics of surface
roughening and smoothening made by RHEED A1.5
(reflection high energy electron diffraction) are IMPORTANCE OF SURFACE PREPARATION IN DIRECT ION
discussed in terms of this picture. During ion BEAM DEPOSITION(IBD) Kiyoshi Miyake,
bombardment, surfaces are observed to reach a Hitachi Research Laboratory, Kuji-cho 4026,
temperature dependent steady state roughness. A Hitachi, Ibaraki 319-12 JAPAN.
similar temperature dependence is observed for
growth roughening. Yet, surprisingly, simul- Firstly epitaxial growth of Si and Ge films
taneous ion bombardment and growth has been using mass-separated low energy direct IBD method
observed to lead to a smoothening of the surface, is discussed. Our. IBD sy tem provides an
The energy and mass dependence of the beam isotopically pure Ge or Si+ ign beam with
assisted MBE results are compared with 100-200 eV and 100-300 uA in 10-  Pa vacuum
calculations of surface and bulk displacement pressure. Si epitaxial growth is posn'ble at 740C
thresholds.
*This work performed on Si(100) substrates using 200 eV Si ion beam
Tries suportederbyr at Sandia National Labors- without special surface cleaning. The crystalline
tories supported by the U.S. Department of Energy properties of the deposited films wil 1 be
under contract IDE-ACO4076DPO0789. discussed from the view point of surface

preparation and impurity inclusion problem.
A1.3
LOW ENERGYION BOMBARDMENT ANDISLANDCOAR Secondary a new attempt for Si surface cleaning

method is presented which utilize low energy(0.5-
ENING IN THIN FILMS, Chih H. Yangand Harry A. Atwater, 1.0 keV) hydrogen ion irradiation to remove Si
CalifornialnstituteofTechnology, Pasadena,CA, 91125. surface native oxide. In-situ AES analysis of
Low energy ion bombardment during thin film deposition has Si0j/Si layer under H2+ ion bombardment indicates

been shown to significantly modify the microstructure of de- tha chemical sputtering of Si0 2 by ion implanted

posited polycrystalline thin films. However, little of a fund&- H ions at 450-500C plays a great role to remove
mental nature is known about the interaction of a low energy surface i 2 oxide.
ion beam with a diontinuous film at the early stages of growth, Through these two dicussions the importance of
and the resulting effect on microstructure. We have modeled the surface preparation in direct ion beam deposition
effects of low energy ion bombardment on poet-nucleation coars- will be stressed.

ening of islands in discontinuous films, using a procedure similar
to the classical analysis of coarsening of Lifschitz, Slyozov and
Wagner(LSW). Solution of a continuity equation, subject to the
constraint of mas conservation, coupled with interface-limited
and diffusion-limited rate laws for island coarsening allow vari-
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Al.6 ited oxide mixture. Soak 'iemperatures of 400'C with rapid heating to 5X)'C are

PREPARATION AND CHARACTERIZATION OF ION BEAM ASSISTED used in the rapid thermal annealing. flowcver, films deposited at substrate tcm-

ALUMINUM OXIDE FILMS. J. K. Hirvonen, T. Tetreault, G. peratures greater than 70C convert to Cr20 3 following annealing. Furnace

Parker and B. W. Murray, Spire Corporation, Bedford, MA; annealing of as-deposited films also results in the equilibrium Cr,(), phase.

P. Revesz, Cornell University, Ithaca, NY.
Al .9

Dense, adherent, physically robust and high optical grade ADHlESION STJDIES OF Au FILMS ON GaAs USING ION-ASSISTED
aluminum oxide coatings are required for protective DEPOSITION TECHlaNI(IQ.ES. T. T. Bardin, aid J. G. Pronko

coatings on optical reflecting surfaces. Electron beam Lockheed Research and Development Division, O/1-Ii, 203,

evapcration of A1203 (or Al) has been used in conjunction 3251 Hanover St., Palo Alto, CA 94304-1191. A. J. Kellock

with low energy (200-600 eV) oxygen ion bombardment from a ard J. E. E. Baglin, IBM Almaden Research Center, K34/802,

Kaufman type ion source to produce such coatings for a 650 Harry Road, San Jose, CA 95120-6099.
range of evaporant to ion flux ratios on silicon and carbon

substrates. The film's densities and stoichiometries have Previous work
1 ,2 

on the adhesion of Au metallization to
been measured using surface profilometry and RBS GaAs indicated that bonding of the metallization is

measurements and ellipsometry has been used to measure extremely sensitive to surface contamination. A series of

refractive indices. Mechanical characterization includes experiments have been performed in an effort to understand

microhardness tests and adhesion tests. Initial results the correlation between surface contamination, evaporation

indicate that highly dense and adherent films with high conditions, interface grain size, and film adhesion.

refractive indices can be obtained using ion assisted These experiments include a study of the influence of in

deposition. situ pre-sputtering of the semi-conductor surface wila
Ioenergy Ar ions prior to thermal deposition of Au films

Al 7 as well as ion-assisted thermal deposition of Au.
Deposition conditions were varied in order to study the

SILICON OXIDE FILM FORMATION BY TlIE SIMULTANEOUS USE effects of substrate temperature, Ar ion bombarding energy

OF A MICROWAVE ION SOURCE AND AN ICB SYSTEM. Gikan and the relative flux of Ar ions to incident Au atoms.

11. Takaoka, Iiroshi Tsuji, and Junzo Ishikawa, Kyoto Adhesion was investigated using a peel test. In addition

Lniiversitv, Sakvo, Kyoto 606, Japan the interface of films processed under these various
conditions was examined by XPS, RBS, and TEM methods.

Silicon oxide (Si0 ) films, which are amorphous Film stress and interface grain size were studied by x-ray

and insulati(g maerias with a large band gap, have diffraction and x-ray rocking curve measurements. The

wide applications for functional coatings in semiconductor results of these experiments will be discussed.
devices. We have prepared SiO films at a substrate IT. T. Bardin, J. G. Pronko, L. Senbetu, Mat. Res. Soc.
temperature of 1OO

0
C by the simultaneous use of a microwave ymp. Proc. 119 (1988) 147.

ion source and an ICB system. The microwave ion source 
2
T.T. Bardi-, . G. Pronko, and D. A. Kozak, Appl. Phys.

system is used to produce low energy (100-590 eV) oxygen T. 54 (1989) 173.

ion beams in a high vacuum of about 10- Torr. In

the ICB system, SiO-clusters are formed, and the ionized

and neutral clusters are transferred to a substrate A2.1

to make a contribution to the film formation. IRRADIATION-INDUCED GRAIN GROWTH: THE ROLE OF

By using oxygen ions, the transparent SiO films DISLOCATIONS.* Charles W. Allen and Lynn E. Rehn, Materials
2 Science Division, Argonne Naional Laboratory, Argonne, IL 60439.

could be obtained, and they showed a refractive index

of 1 .46. The chemical etching rate was low and similar
to that of thermally grown films used in Si device Thermally activated grain growth generally occurs by a grain boundary
processes. The bonding between Si and 0 atoms in these migration mechanis and at temperatures typically in excess of a third to
films could be enhanced by using both ionized clusters half the absolute melting point of the particular material. In contrast.

and oxygen ions, and the stoichiometric SiO2  films irradiation-induced grain growth is nearly athermal. ln itm observations

were obtained. Also, ye films showed an electric during heavy ion irradiation of evaporated Au thin films in Argonne's

resistivity higher than 10 QOcm, and a breakdown voltage HVEM-Tandem User Facility at temperatures as low as 10 K have clearly

was larger than 2 x 106 V/cm. Furthermore, the surface demonstrated that the irradiation-induced growth occurs both by grain

state density calculated from 1 V c ~aracteristic boundary migration and by grain coalescence. Previous theories of

h fm ws fd to birradiation-induced grain growth have assumed that growth occurs by the
for the film was found to be 6 x10 cm eV boundary migration mechanism alone and that only point defects created al a

These results show that the simultaneous use of grain boundary contribute to the growth process. These iz Sit studies show

a microwave ion source and an ICB system has a high that boundary migration is not the only operative mechanism, and direct

potential for preparing chemically stable iO films observation of defect cluster dynamics strongly suggests that the basic
and that the films prepared can be applied to insulating assumptions of previous theories of irradiation-induced grain growth are at
and tahat ion cotigs. rleast not universal. A simple model, involving glide of dislocations resulting
and passivation coatings. from the condensation of point defects, even far removed from a boundary,

shows that glide of dislocations through a boundary produces local
A1.8 boundary migration while glide to a boundary with incorporation of the

W I ASIAII I. (rO, IlIM FORMAI I0N I' RIA('I IVI ION IWEAM dislocations into the boundary structure changes the local specific grain
SYN~~lSS AtI AI'I) ~lIMAI NNIIIN I. V arnnatan, boundary energy which can promote grain coalescence. In either event, the

C. Richard (juarnicri I I Cuo~mo, 1). A. Smith, and S Shisassasar, 1PM R result is essentially the same as it would have been from the flux of the

C Watson Ruesneerch .et. ('.Om , I) .ox 21R. h orktown heights initial vacancies or self-interstials through or to the boundary by bulk
search I)isisio, r. J Watson Research Center, 1'O diffusion. It is suggested that the role of dislocations may be especially
NY in5ps, important in the case of irradiation-induced grain growth in gold in which

growth rates are several times faster than in other pure metals such as Cu,
Metatable Cr0, films are made by reactive ion beam synthesis followed by rapid Ag, Ni and Al and the visible dislocation activity during irradiation is
shermal annealing. Both steps are required to obtain polycrystalline CrO, films. extraordinary.
Amorphous films with some CrO2 nuclei are grown by bombarding (r deposited
by thermal evaporation with low energy ( - 5)0 eV) (, ions on substrates in the *Work supported by the U.S. Department of Energy, Basic Energy
temperature range of 20.70'C. As deposited, thce films are generally a mixture Sciences-Materials Sciences under Contract #W-31-109-ENG-38.
containing difTerent phases of chromium oxide (CrO, Cr,().,, Cr0), and Cr03 )
Substrate temperature, ion energy, and the arrival rates of O to Cr influence the
composition and structure of the as-deposited film. Rapid thermal annealing isnecessary to separate and row m etistable struclure s like 00, from the as depos.

18



A2.2 sities was 2300C. The activation energy observed by both

ION-BEAM-INDUCED EPITAXIAL CRYSTALLIZATION OF ion species bombardments was 0.17± 0.06 eV. The regrowth
GeSil-./Si HETEROSTRUCTURES. B.. Elliman. M.C. rate in the sample preamorphized with As ions was found to
Ridgway, J.S. Williams, Microelectronics and Materials be 1.6 times as large as in the sample preamorphized with
Technology Centre, Royal Melbourne Institute of Technology, Ar ions. The regrowth rate as a function of the depositedGPO Box 2476V, Melbourne, Victoria 3001, Australia; and J energy density Into nuclear collision at a given temperatureBean, ATand T Bell Laboratories, Murray Hi, New Jersey 07974, was roughly one-quarter of that in the preamorphized Si(II)USA 

which was observed In comparison under the same experimentalcondition. On the same scale, Ar bombardments were found to
GeSil., layers of approximately 100 nm thickness, grown be 2.7 times more effective in the regrowth rate than Kr ion
epitaxially on (100) Si substrates by molecular beam epitaxy, were bombardments.
amorphized to either half their total thickness (thin) or completely
amorphized to a depth beyond the GeSi/Si interface (thick) by Si A2 .5
implantation at -1960C. Ion-beam annealing of the amorphous
GeSi alloys was then investigated for a variety of irradiation AMORPHOUS TO POLYCRYSTAL TRANSITION
conditions. Samples were examined by high depth resolution
Rutherford backscattering and channeling and by transmission ASSISTED BY ION BEAM IRRADIATION IN SILICON.
electron microscopy. Such analysis revealed that ion-beam
annealing caused epitaxial crystallization of both the thin and thick C. Spinella, S. Lombardo and S.U. Campisano, Dip. di Fisica
amorphous layers. The crystalline perfection of the regrown dell'Universiti, corso Italia 57, 195129 Catania (ITALY).
material and details of the commensurate/incommensurate
transformation are reported for alloy compositions in the range x = The amorphous to polycrystal transition in chemical va-
0.1 to x = 0.8. por deposited silicon films under Kr ion beam irradiation has
A2. 3 been studied in the 320 - 450 °C temperature range. The

DEPENDENCE OF INTERFACE VELOCITY ON NOBLE METAL grain size distribution is very narrow and the grain shape is
SEGREGATION DURING ION BEAM ENHANCED EPITAXY. cylindrical. Moreover the average grain diameter increases
J. S. Custer and Michael 0. Thompson, Cornell University, Ithaca, NY;
J. M. Poate and D. C. Jacobson, AT&T Bell Laboratories, Murray Hill, linearly with the ion dose. The growth rate is thermally ac-
NJ. tivated with an activation energy of 0.28 eV, equal to that

Ion beam enhanced epitaxy (IBEE) of amorphous Si (a-Si) on crystal Si for the ion beam induced epitaxial layer by layer crystalliza-
(c-Si) is a novel, low temperature crystal growth process, offering
potential insights into long standing problems in basic crystal growth. tion of amorphous silicon. The structure of the crystal grains
Recent work has focussed on measuring the segregation and trapping of has been studied in details and twins around (111) axis have
fast-diffusing noble metals (Cu, Ag. and Au) during MeV Ar induced
IBEE, and comparing the results with classical segregation theory. been observed. This could explain why the absolute value of

In this work we use MeV Si beams to induce IBEE of both intrinsic and the grain growth rate is equal to that for ion beam assisted
doped a-Si layers while continuously monitoring the a-Si/c-Si interface epitaxial crystallization on (111) substrate orientation. Data
position with the time resolved reflectivity technique. For Au doped
layers, we observe a transient velocity enhancement of up to a factor of about the grain nucleation rate under ion beam irradiation
2 during the build up of the Au segregation spike. The observed are also reported and compared with those obtained for pure
velocity changes for Au doped a-Si during IBEE are much less than the
velocity enhancements observed for thermal anneals. The difference
between the velocities for various impurities will be discussed. variation of the free energy difference between the amorphous

Accurate velocity profiles are also required to sensitively compare and the crystal phase caused by the ion beam.
impurity movement during IBEE with classical segregation theory. The
apparent segregation coefficients and the effects of the interface velocity A2. 6
on the segregation will be presented. FORMATION OF BURIED ELEMENTAL LAYERS USING ION

IMPLANTATION, D.W. Brown* and Z.A. Munir, Div. of
A2.4 Materials Science and Engineering, Univ. of Calif. Davis,

ION BEAN INDUCED CRYSTALLIZATION IN PREAMORPiIIZED BP(100). Davis, CA 95616, and R.G. Musket, Lawrence Livermore
Na.,i Hisao Kobayashi, Hisao Tanoue and Nobuyuki National Laboratory, P.O. Box 808, Livermore, CA 94550
Ilayashi, Electrotechnical Laboratory, Tsukuba, Ibarakl,
Japan; Yukinobu Kumashiro, Yokohama National University, He have shown that ion implantation can be used to
Yokohama, Kanagawa. Japan form an essentially pure buried layer of an implanted

element in a target material. Rutherford backscattering,
Ion beam induced epitaxial crystallization (IBIEC) in pre- cross-sectional transmission electron microscopy, scanning
amorphized BP(100) have been investigated by means of RBS electron microscopy, and Auger electron spectroscopy
channeling method. BP is an attractive material which is a revealed that a distinct aluminum layer was formed in
refractory wide bandgap semiconductor with melting point single crystal beryllium during post-implant annealing
above 3fO00C and bandgap of 2.1 eV. (500"C. 1 hr) of samples implanted with 200 keY Al

+ .

The Al-Be system is a representative of binary systems in
BP(OO) samples prepared by thermal CVD on SI(100) were which the elements have low mutual solubility and do not
preamorphized in the surface region with 70 key Ar and 100 form intermediate phases. In such systems, precipitation
key As ions. Re-crystallization was induced by subsequent of the implanted element can occur during implantation
ion bombardments with 400 keY Ar and 400 key Kr at tempera- and/or post-implant annealing, creating the possibility of
ture range between 200 0C and 4000C. The current densities of layer formation by processes that result in precipitate
Ar and Kr ions were selected to give the same energ r deposl- coalescence. For the A1-Be system, coalescence of the
tlon rate Ii the elastic collision process (4/uA/cm? for Ar+  implanted aluminum into a layer during annealing was found
and 1uA/cms for Kr*). Epitaxial crytallization was observed to depend critically on dose for 50"C implants.
at temperatures much below those required for the thermal Implantation at higher temperatures showed that layer
solid phase epitaxy (SPE) process (above 8000C). The critl- formation was also dependent on the aluminum-precipitate/
cal temperature for crystallization at these current den- beryllium-matrix microstructure prior to annealing.
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Considerations for the formation of buried elemental A2.9
layers in other systems are discussed. ELECTRICAL TRANSPORT IN Si/CoSi2 /Si HETEROSTRUC-

Hork performed under the auspices of the U.S. Department TURES GROWN BY MESOTAXY. Alice E. White, M. L. Green, K. T.
of Energy by Lawrence Livermore National Laboratory under Short, D. Brasen, and K. Maex*, AT&T Bell Laboratories, 600 Mountain
contract #W-7405-Eng-48. Ave., Murray Hill, NJ 07974.

*Current address: Lawrence Livermore National Laboratory, We have used mesotaxy, a technique which involves high dose
P.O. Box 808, Livermore, CA 94550. implantation followed by high temperature annealing i , to create thin

(<5OOA) layers of oriented single-crystal CoSi 2 buried beneath the
A2.7 surface of (100) silicon wafers. Several thousand angstroms of epitaxial
ION-BEAM-INDUCED EPITAXIAL CRYSTALLIZATION OF silicon are then deposited using an RTCVD process. This results in a
METAL SILICIDES. MC Rid a R.G. Elliman, and J.S. Si/CoSi 2/Si heterostructure which is diffiult to grow by UHV deposition
Williams, Microelectronics and Materials Technology Centre, and reaction. Rutherford backscattering and channeling measurements in
Royal Melbourne Institute of Technology, GPO Box 2476V, conjunction with TEM observation indicate that the Si overlayer has
Melbourne, Victoria 3001, Australia. threading dislocations at a density of -108/cm 2. In addition, some SiC

Ion-beam-induced epitaxial crystallization of disordered metal precipitates appear at the original Si surface. Nonetheless, Schottky
silicides has been investiated. Epitaxial NiSi2 and CoSi2 layers on barrier height measurements show that the lower CoSi 2 /Si interface is of
(111) Si substrates were Implanted with low energy Si ions to form acceptable quality and efforts are underway to improve the upper CoSi 2/Si
a disordered surface layer containing both amorphous and heavily interface in order to make vertical transport measurements.
damaged crystalline material. Epitnria recrystallization during
subsequent high energy ion irradiation proceeded in a A E. White, K. T. Short, R. C. Dynes, J. P. Garno, and J. M. Gibson,
layer-by-layer manner from the original disordered/crystalline
inte e. For a disordered NiSi 2 layer at 450C, 300 keV Si ion Appl. Phys. Lett. 50, 95 (1987).
irradiation resulted in an ion-beam-induced growth rate of 14±6
rnm/10t Si/cm2. Dislocation densities of the ion-beam annealed
layers were greater than those of the original epitaxial layers. permanent address: IMEC, Leuven, Belgium
Samples were analyzed with Rutherford backscattering
spectrometry combined with channeling and transmission electron A2.10
microscopy. Ion beam and thermal annealing are compared.

ION BEAM ANNEALING OF Si CO-IMPLANTED WITH Ga

A2.8 AND As.* S. P. Withrow 0. W. Holland, and S. J. Pennycook,

to-BEAM SYNTHESIS OF BURIED YTTRIUM SILICIDE. T. Solid State Division, Oak Ridge National Laboratory, Oak Ridge,
material Science and Engineering Department, Cornell TN 37831; and J. Pankove, Solar Energy Research Institute,
University, Ithaca, NY 14853; and J.C. Barbour, Sandia Golden, CO 80401.
National Laboratories, Albuquerque, NM 87185 i

Beam-induced annealing resulting from high-energy, Si+-ion
Metal slicides find useful applications in VLSI electronics irradiation of amorphous Si layers heavily doped with elec-
as a result of their low resisitivity and good stability at trically compensating impurities is discussed. Amorphous
high temperatures. Several silcides form epitaxial layers
on Si yielding nearly defect-free structures. We have layers were formed by co-implantation of overlapping distri-
investigated the formation of a buried YSi 1 . 7 layer in Si. butions of Ga and As in a fluence range which spanned well
The YSil.7 structure has a hexagonal lattice which can form beyond the limits of solubility for these dopants in Si, especially
epitaxially on Si(1ll) with - 0.0% mismatch. The epitaxial for Ga. At substrate temperatures up to 4000C, recrystallization
relationship between YSil.7 and Si is given by: YSil.7 (O001) of the amorphous layer is shown to occur by solid-phase,
// Si(lll) and YSil. 7[1010] // Si[1121. The buried silicide epitaxial growth onto the single crystal substrate. The quality of
was formed by implanting 330 keV Y+ ions into Si(ll) epitax growth o nt s loysta sbtat Teityuof
substrates held at 450C followed by a vacuum anneal a the epitaxy and the extent of alloying and dopant redistribution
IO00C. Samples were studied over the fluence range of 0.5 - during recrystallization are compared. These results have been
4x101

7 
Y/cm

2
. Concentration profiles were determined using characterized in co-implanted samples to ones which had been

RBS, and the crystalline quality was analyzed with ion implanted only with a single gallium or arsenic impurity.
channeling. A continuous buried layer (188 nm thick) was Significant differences between the various types of implanted
formed for a fluence of 4xlO1 7 Y/cm2 . The Si overlayer in samples are detailed. Lack of impurity precipitation and
this sample is 24 nm thick. RBS results from the samples segregare i e Lack simples, recpitation s

with a fluence of 2x10
1 7 

Y/cm
2 suggest that these samples segregation in the co-implanted samples, even at concentrations

are composed of a uniform buried YSiI.7 layer with YSi x  exceeding 5 at. %, are attributed to compensation effects most
precipitates above and below this layer. Ion channeling in likely through clustering of the dissimilar dopants, both in the
the Si<lll> direction showed that the uniform layers and the amorphous phase and in the recrystallized regions. Rutherford
precipitates are aligned with the substrate, as depicted by backscattering/ion channeling and transmission electron
a xmin value of 7s in the Y signal. The perpendicular and microscopy were used to characterize the samples. Electrical
parallel strains, ct and c", associated with the formation characterization was also done on selected samples.
of YSi1 .7 were evaluated from x-ray rocking curves using a
double crystal diffractometer. The following x-ray o
reflections were measured: Y5 1 .7 (0004) // Si(333), and

i Tithe burd Fnergy under contract DE-AC5-84OR21400 with Martin Marietta Energy Sys-YSil.7(IO13) and 81(331). The residual strains in hebried tems, lnc.

YSil. 7 layer are: c"-O% and 
t--l.0%.

This work was funded by the U.S. DOE under contract no.
DE-AC04- 76DP00789.
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A2.11 mated for the case of negative heat of mixing.

EVOLUTION OF DIFFUSION AND SPUTTER LIMITED IMPLANTED Taking into account the quite large uncertain-
IMPURITY DEPTH PROFILES DURING ION BEAM SYNTHESIS. ties of the applied thermodynamic data, reason-

P L F Hemment, A K Robinson, U Bussmann, K J Reeson, able agreement is observed between estimated and
Department of Electronic and Electrical Engineering, experimental glass-forming ranges.
University of Surrey, Guildford, Surrey, GU2 5XH, UK;
R Chater and J A Kilner. Department of Materials, Imperial In the case of positive heat of mixing, the
College, London, UK. initial thin-film structure is near thermodyna-

mic equilibrium. However, for small values of
The formation of compounds (eg SiO, CoSi,) by the the heat of mixing, it is still possible to form
implantation of high doses (>10' cm- 2 ) of reactive ions is amorphous structures. In the absence of chemical
recognised as an important enabling technology for future driving forces, this formation cannot be ex-
generations of high performance microelectronic devices plained in a similar way as in the case of nega-
(eg CMOS/SIMOX). In order to develop predictive models tive heat of mixing.
describing the formation of these materials it is necessary As the nucleation of crystalline phases may
to quantify the effects of sputtering, volume changes due differ with and without irradiation, irradiation
to compound formation, radiation enhanced diffusion and of amorphous structures at elevated temperatures

segregation. may create new metastable phases. Preliminary
measurements of crystallization of metallic-

In this paper a systematic study of the effects of glass films during Irradiation are reported.
sputtering is reported. The evolution of profiles, where
either sputtering or diffusion are the dominant mechanisms,
nave been studied by implanting reactive and chemically A3.2

inert ion species into low sputter rate (bulk silicon) and THERMODYNAMIC ASPECTS OF ION MIXING IN METALLIC
high sputter rate (SiO on Si) substrates. Depth profiles SYSTEMS. W.L. Johnson, 138-78 Keck Laboratory, California
of "0', 0*, N, C and Ar+ ions implanted into (100) Institute of Technology. Pasadena, CA 91125 USA
silicon to doses in the range 10'

"  
to 10' cm-

2  
at

temperatures of up to 5501C have been determined by SIMS and Recent studies have clearly demonstrated that phenomena such as
RBS. The sensitivity of the implanted depth profiles to the ion mixing in solids are in many cases dominated by events
values of physical parameters has been investigated using a occuring in the late stages of collisional cascades, the so-called
computer model and the assumptions which must be made to "quasithermal" or *thermal spike" stage.(,2] In the case of all but
achieve a good agreement with experimental profiles will be the very low Z metals, it has been shown that ion mixing events
discussed. take place predominantly in this regime. As a consequence, it has

been found that thermochemical parameters must be incorporated
into a description of compositional profiles and phase equilibria in

A2.12 ion irradiated materials. Studies of ion mixing in metal bitayers
have led to the development of a phenomenological model of ion

FORMATION OF BURIED AND SURFACE CoSI2 LAYERS BY mixing which incorporates these thermochemical effects. The
ION IMPLANTATION. M.F. Wu, A. Vantom , 'Lrdgi t model has been tested in a wide variety of binary metal systems
IKS, University of Leuven, Belgium; K. Manx, J. Vanhe aemont, and found to give an excellent account of mixing in all but very
IMEC, Leuven, Belgium; J. Vanacken, H. Vloeberghs and Y. low Z metals. The limits of validity of the model and its
Bruynseraede, VSM, University of Leuven, Belgium. extension to nonmetallic systems will be discussed.

The formation is studied of buried CoSi2 layers and surface CoSir I. W.L.. Johnson, in "Materials Modification by High- Fluence Ion
layers formed by high dose ion implantation in an energy range of Beams", eds. R. Kelly and M. Fernanda da Silva, NATO ASI
30 to 160 keV, combined with conventional furnace annealing or series, (Kluwer Academic Publishers, Dordrect, Boston, London,
with rapid thermal proceing. The crystalline quality, the phase of 1987), p. 405.

the buried and surface siicide layers, the abruptness of the 2. Y.T. Cheng, W.L. Johnson and M-A. Nicolet, Phys. Rev. Lett.
interfaces and the electrical transport properties are studied by
RBS, channeling, cross-sectional TEM, M bauer pro I 5, 2083 (1987).
and resistivity measurements. The stability of the burled and
surface CoSi2 layers at temperatures between 10OC" C and 1200' C is A3.3
also studied and compared with the results for MBE grown samples. CRITICAL TEMPERATURES FOR RADIATION ENHANCED

Low enery (30 keV) implantations with a dose of 5 xl0S DIFFUSION AND EQUILIBRIUM PHASE FORMATION DURING
atoms/cmz gave rise to continuous buried CoS12 layers as thin as 20 ION BEAM MIXING. A.M. Vredenberg. R. de Reus, A.C. Voorrips,
nm with good cry"line quality. High dose Implantations, on the H.C. Tissink and F.W. Saris, FOM-Institute for Atomic and Molecular
other hand, gave rise to surface CoSi2 layers with crystalline quality Physics, Kruislaan 407,1098 SJ Amsterdam, The Netherlands.
and electrical properties compwarable to those of MBE grown It is well known that in ion mixing two different temperature regimes are
samples or buried CoS12 layers. It was found that buried CoSI2  observed. Up to a critical temperature, T. , ion mixing is almost
layers had better thermal stability than Surface CoS12 layers with temperature independent and may be characterized by a thermal spike
similar thicknes. The disintegration wu found to start by void model. For many systems ion mixing in this temperature regime leads to
formation at both CoSI,/SI edges. metastable alloy phases. Above T ion mixing becomes radiation

enhanced and may be characterized by a thermally activated diffusion
A3.1 process. Although atomic mobility is enhanced, however, equilibrium

ION-BEAM MIXING AND PHASE FORMATION. phases do not necessarily form at these elevated temperatures.

L-U. Aaen Andersen, J. Bottiger, K. Dyrbye, and In this paper we have compared Tc with the formation enthalpy of a hole
J. Janting, Institute of Physics, University of of the size of the smaller constituent. A clear correlation was found,
Aarhus DK-8000 Aarhus C, Denmark which implies, that at Tc the smaller atom becomes (thermally) mobile,

leading to higher mixing rates, but not necessarily to equilibrium phases.
The phase formation during ion-beam mixing of Forequilibrium phases to form, mobility of both constituents is required.
binary transition-metal alloys have been studied Thefore, Tx, t mpe abovewhihequilbrumphasw sut
by use of 500-keV At" and Xe and 200-ky MN" in from ion mixing, should be correlated with the formation enthalpy of a
the temperature range 30-723 K. Especially the hole of the size of the larger atom. Thus, for every system a temperature
composition ranges, where only amorphous phases window T, - T, can be calculated from the hole formation enthalpies of
occur, i.e., the glass-forming ranges, have been
investigated. Based on semiempirical data on
free energies, metastable, phase diagrams have
been constructed and glass-forming ranges eati-
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the constituents, in which ion induced mixing is enhanced, but metastable and thermal spike effects dominate "low" temperature ion mix-
phases may stil form. ing, where ion mixing is basically temperature-independent. On

Experimental support for the correlation between Tx and the larger-hole the other hand, radiation-enhanced diffusion dominates "high"
formation enthalpy was found by determining the crystallization temperature ion mixing, where an Arrhenius-type temperature
temperatures, T of amorphous Ta-Pd, Ni-Zr, Fe-Zr and Au-Zr mixtures
under Xe or Ar ombardment. dependence is usually seen. A narrow temperature range defines

a critical temperature T, which separates these two regions. Two
A3.4 recently proposed relationships for the critical temperature T, for

DIRECT OBSERVATION OF INTERMIXING IN GaAs/AIAs the onset of radiation-enhanced diffusion in ion ixing are exam-
MULTILAYERS AFTER VERY LOW-DOSE ION- ined. The linear relationship between T, and the cohesive energy
IMPLANTATION. M. Bode , A. Ourmazd and J. Rentschler, AT&T Er..o is shown to be in agreement with experiment, while the re-
Bell Labs, Holdnel. NJ 07733, M. Hong, L.C. Feldman and JP. lationship between T, and the Debye temperature 9D is not. An
Mannaerts, AT&T Bell Lbs, Murray Hill, NJ 07974. unusual behavior of decreasing ion mixing rate with increasing

temperature is also discussed.
We combine chemical lattice imaging and digital vector pattern
recognition to study, quantitatively, kinetic intermixing in GaAs/AlAs A3 .7

multilayers. We thus obtain, with atomic plane resolution and near- EFFECT OF CARBON ON ION BEAM MIXING OF FE-TI BI-
atomic sensitivity, composition profiles across each interface of the LAYERS, J-P. Hirvonen and M. Nastasi, Materials Science
multilayer stack before and after ion-implantation. Our results show and Technology Division, Los Alamos National Laboratory, Los
significant intermixing even when only one 320 kcV Ga* ion is Alamos, NM 87545
implanted at 77 K into each 2000 A area of the interface. This
corresponds to an incident ion dose of 5xl012 /cm 2 . Previous studies have shown that the mixing rate of evapo-

rated carbon with iron and titanium is minimal in the tem-
The intermixing is not uniform along the interface. At each interface, perature independent regime. In addition, in the nickel-sili-
wve observe more intensely intermixed regions, whose widths correspond con system, a thin evaporated carbon layer completely pre-
to those created by the damage track of a single implanted ion, as vented mixing. Both of these results are at least in qualitative
expected from Monte-Carlo simulations. It thus appears that we can agreement with the thermodynamical model of ion beam mix-
directly image intermixing due to single energetic ions implanted into ing. However, the microscopic mechanism of this retarding of
the multilayered GaAs/AlAs structure, mixing is not understood.

A3. 5 In this work a bilayer Fe-Ti structure was implanted with a
trace amount of 13C. The implantation energies were selected

A STUDY OF THE DOMINANT MOVING SPECIES IN ION in such a way that the mean range of carbon ions was located
BEAM MIXING I: EFFECTS OF SAMPLE GEOMETRY AND either in the iron or in the titanium layer. The effect of this im-
ATOMIC MASS. G. W. Auner,',*" Y.-T. Cheng,'*,* M. H. Alkisi,*' planted carbon on mixing with 300 keV Ar+ ions was studied
and K. R. Padmanabhan" in the temperature range from 0 to 300 C using Rutherford

General Motors Research Laboratories, Warren, Michigan 48090. backscattering spectroscopy at an energy of 5 MeV. The mea-
" epatment Mofor Phsircs ad rtonom, Waye, Stan ersity, surements revealed that mixing was not affected by carbon

Department of Physics and Astronomy, Wayne State University, implanted into the titanium layer. However, carbon in the iron
Detroit, Michigan 48202. layer remarkably retarded mixing at all temperatures investi-

gated. Changes in carbon concentration profiles were probed
utilizing the resonance of the nuclear reaction 1 3C(p,y)14 N at a

The factors determining the dominant moving species in ion proton energy of 1.748 Mev. The results will be discussed in
mixng, such as the sample geometry, atomic mass, and thermody- terms of the mobility of carbon as well as the defect-carbon in-

namic parameters, have not been clarified. In order to identify the

effect of sample geometry and atomic mass on the dominant moving A3.8
species during ion beam mixing, bilayer samples with zero heats of I HE EFFECT OF SURFACE COATING ON ION BEAM

mixing and similar cohesive energies were investigated using imbed- DESORPTION OF HYDROGEN FROM TITANIUM. Richard E
ded markers and Rutherford backscattering spectrometry. Samples W , Peter Borgesen, and Herbert H. Johnson,
with Hf on top of Zr and Zr on top of Hf irradiated with 150 keV Kr Materials Science and Engineering, Cornell University,
ions showed a small preferential inward movement of the top layer Ithaca, NY 14853.
species with respect to the large amount of total mixing, regardless

of species mass. This indicates that the dominant moving species Previous investigations reported that the mixing rate of
in ion beam mixing is the result of a non-isotropic Atomic transport Fe/Ti was reduced by a factor of 7 if the sample was
din ed in b amixingpslhe eo rns t of a-topic a . tcharged with hydrogen. The mixing rate of similar
determined by sample geometry instead of atomic mass. samples of Ni/Ti was only reduced by a factor of 2.

A3.6 Hydrogen was lost from the samples during mixing. The

hydrogen loss rate was significantly greater from Ni/Ti
RELATIONSHIPS BETWEEN COHESIVE ENERGY, DEBYE than from Fe/Ti.
TEMPERATURE, AND THE ONSET OF TEMPERATURE-

DEPENDENT ION MIXING. Y.-T. Cheng General Motors Re- Experiments were performed to determine whether the
search Laboratories, Warren, Michigan 48090-9055. difference in mixing rates causes the difference in

hydrogen loss rates or vice versa. Ti samples were
coated with either Fe or Ni, hydrogen charged, and

The mechanisms of ion mixing have been the subject of nu-

merous studies. It is now generally accepted that collision cascade
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irradiated with ions typically used for mixing. Hydrogen 2. R. Smith, D. E. Harrison, Jr. and B. J. Garrison, Phys. Rev. B 40,
loss was measured as a function of irradiation fluence. (July 1989).
Results provide an important clue as to how hydrogen 3. C. T. Reimann, M. EI-Maazawi, K. WaIzI, B. J. Garrison, N.
reduces mixing rates. Winograd and D. M. Deaven, J. Chem. Phys. 90 2027 (1989).

A4. 2A3 .9
COMPUTER SIMULATION OF IMPURITY SEGREGATION AT A

ION-BEAM MIXING AND TRIBOLOGY OF Fe/B MULTI- RAPIDLY MOVING SOLID-LIQUID INTERFACE. Stephen J. Cook
LAYERS.* ReJnunn Huj L. E. Rehn, G. R. Fenake and and P uet~te Cla , Chemical Engineering Department, Cornell
P. M. Baldo, Argonne National Laboratory, Argonne, IL 60439 University, Ithaca, NY 14853.

Interdiffusion of Fe and B was studied during 1.5 MeV Kr ion A recently developed Non-Equilibrium Molecular Dynamics simulation
bombardment. The square of the interdiffusion distance dur- method1 has been used to study the thermodynamic and kinetic
ing mixing at 573 K was found to depend linearly on the properties for alloyed materials undergoing rapid melting and
irradiation dose. Arrhenius behavior with an apparent activa- subsequent resolidification, as occurs for example in laser annealing.
tion enthalpy of 0.7 eV was observed between 475 and 770 K. Results will be presented for Lennard-Jones and Stillinger-Weber
Electron microscopy of ion-beam mixed multilayer specimens models of "alloys", A, B. x , as paradigms of metal alloys and
revealed many crystalline iron-boride compounds, e.g. Fe2B semiconductor alloys respectively. The two models exhibit strikingly
and Fe3 B, and an amorphous phase. Substantially improved different interface morphologies and hence form an interesting
adhesion and reduced friction were observed for ion-beam comparison. The effect of size differences between the solute B andsubstrate A atoms are studied for both the Lennard-Jones and Stillinger-mixed Fe/B multilayers on M50 steel substrate. Weber materials, as size is believed to play an important role in the

enhanced partitioning of solute atoms at a rapidly moving interface, ie*Work supported by the U.S. Department of Energy, Basic "solute trapping". Properties studied include calculations of the non-Energy Sciences-Materials Sciences and ECUT/Tribology equilibrium segregation coefficient, k', and the interface position,
Program under Contract OW-31-109-ENG-38. velocity and temperature as a function of time. A computer graphics

analysis highlights the nature of the interface morphology, the presence
A3.10 of defects and the occurrence of surface disorder.
ION BEAM MIXING OF Sb SCHOTTKY CONTACTS ON n-Si.
J.B. Malherbe, L.J. Bredell, K.P. Weimer, 1. D.K. Chokappa, SJ. Cook and P. Clancy. Phys. Rev. B., 42,
G. Myburg and E. Friedland, Department of Physics, May 15issue(1989).
University of Pretoria, Pretoria, 0002, South
Africa. A4.3

Thin (100 rnl antimony Schottky contacts on n-Si MOLECULAR DYNAMICS SIMULATIONS OF LOW-ENERGY
have been bombarded with 100 and 120 keY Si+ ions, ION/SURFACE INTERACTIONS DURING VAPOR PHASE
with doses ranging from 5 x 10' to I x 10"Si + cm-  CRYSTAL GROWTH: 10 eV Si INCIDENT ON Si(00)2xl.
The extent of ion beam mixing has been determined M. Kitabatake, P. Fons and J. E. Greene, CSL, University of Illinois,
by AES depth profiling and F..S. a-particle chan- 1101 W. Springfield, Urbana, IL61801.
neling has been employed to study the radiation
damage caused by the bombarding ions in the Low-energy ion-irradiation is commonly used for modifying film
silicon substrate. The ion bombardment had a microstructure and microchemistry during film growth by a variety of
pronounced effect on the electrical characteris- techniques including sputter deposition, plasma-assisted CVD, and
tics of the Schottky contacts. Changes in the MBE. We have used molecular dynamics simulations to investigate
ideality factor, Schottky barrier height and atomic-level phenomena associated with low-energy ion/surface
series resistance of the contacts are correlated interactions. In this paper, we present results for 10 eV Si ions
to the AES, RlS and channeling results. incident on reconstructed Si(001)2xl surfaces. Calculation of the

positions and velocities of all atoms in the computational cell (up to
A4.1 1000 atoms) were carried out using the many-body Tersoff potential
ION-SOLID INTERACTIONS AS VIEWED BY MOLECULAR for time steps of 1 femtosecond out to 0.8 picoseconds at which time
DYNAMICS. Barbara 1. Garrison, Department of Chemistry, The all violent effects (collision cascade) subsided. Using the Tersoff
Pennsylvania State University. University Park, PA 16802. potential, the (2xl) surface reconstruction was found to be stable

with an energy gain of -0.61 eV per surface atom compared to the
A microscopic picture of the ion-solid interactions as determined by unreconstructed (Ixl) surface. The sound velocity calculated by
molecular dynamics simulations will be presented. We plan to discuss kinetic energy transfer in the z-direction was 80 A/ps in good
examples from simulations on silicon' 2 and on rhodium3. In the case of agreement with experimental data. 10 eV Si irradiation was
Si we have investigated the process as a function of the primary particle sufficient to open surface dimers and result in an average maximum
energy. For 5-10 eV Si atom bombardment we find that the dimers on penetration depth, for normally incident ions, of 0.88 A (72% of the
the Si( 1001(2xl) face can be directly opened with the bombarding distance from the surface to the 2nd layer). The number of defects
particle inserting into the dimer in the epitaxial position. As the energy produced per incident ion at 0 K was -0.8. The nature of these
increases to 15-20 eV, implantation begins to occur. For keV Ar defects (primarily split interstitials, hexagonal interstitials, and
bombardment we have found that the openness of the crystal controls broken dimers) and their annealing characteristics as a function of
many aspects of the ejection process including the depth of origin and temperature were investigated. No vacancies were observed,
the energy distributions of the ejected species. For both ejected Si and consistent with a Si atom displacement energy of 13-17 cV. Finally,
Rh atoms, the original crystal structure plays a dominant role in ion-irradiation-induced epitaxial growth was observed when the
influencing their angular distributions. A combined incident ion interacted strongly with surface dimers.
theoretical-experimental approach has allowed us to determine the site
and coverage of oxygen on Rh (I Il ).

1. B. J. Garrison, M. T. Miller and D. W. Brenner, Chem. Phys. Lett.
146 553 (1988)

21



A4.4 peak originating from the lead crystals was followed during 4 tem-
MOLECULAR DYNAMICS STUDY OF THE AMORPIlZATION OF CuTi. perature cycles, from room temperature to 678 K. The melting
Michael J. Sabochick, Dept. of Engineering Physics, Air Force Institute of temperature for bulk lead is 601 K. In the first heating cycle we
Technology, \%right Patterson AFB, OH 45433; Nghi Q. Laim, Materials Sci- found a superheating of the lead precipitates of 47 K before melt-
ence Division, Argonne National Laboratory, Argonne, IL 60439.
It is we!l known that many alloys can be amorphized with electron and/or ion
irradiation. Experiments on a variety of alloys have resulted in some generali- below the solidification point of bulk lead was observed. In the
zations about the phenomenon. For example, amorphization takes place at subsequent heating cycles this hysteresis at the melting transition
temperature that are too low for long-range diffusion to occur; the onset of was reproducable. The full width of the hysteresis loop slowly de-
amorphitation coincides with a vclume expansion ,.f a few percent; and alloys creased to 51 K while the mean size of the inclusions gradually
which do become amorphous obey certain laws regarding composition, struc- increased from 14.3 nm to 23.0 nm. The phenomena of super-
ture, and the relationship between the components in the periodic table.
Nevertheless, the fundamental cause of amorphization, whether it is due to heating and supercooling are thus most pronounced for the small
chemical disordering or the introduction of lattice lattice defects, is still not crystallites. The persistence of the hysteresis loop over successive
understood. heating cycles demonstrate that its physical existence is genuine,
The purpose of the present work was to investigate this question by simulat- and it is believed that it originates from the lack of free surfaces of
ing the amorphization of a gamma-phase CuTi compound on the computer. the lead inclusions.
An interatomic potential for this phase was developed using the embedded-
atom method, and the heat of solution, density, and structure of the phase A4. 7
were reproduced within less than one percent. Two different approaches to
amorphization were tried: one in which Cu and Ti atoms were randomly THERMAL ANNEALING OF SOLID Kr PRECIPITATES IN
exchanged, and another in which Frenkel pairs were introduced at random. Ni. R.. Birtcherz J. Rest and D. S. Bergstrom, Argonne
As atoms were exchanged with the first approach, many of the sharp peaks in National Laboratory, Argonne, IL 60439
the radial distribution fuction (RDF) were reduced, and some disappeared.
Nevertheles, the RDF retained many peaks, suggeating that the alloy was After implantation into Ni at room temperature, Kr condenses
chemically disordered but not amorphized. With sufficient numbers of lattice
defects introduced with the second approach, the system experienced a volume within small cavities as an fcc solid aligned with the Ni lattice.
expansion of about 2.3%, and an increase in potential energy of about 0.07 eV Evolution of these precipitates during subsequent thermal
per atom. At about 0.2 dpa, the RDF lost almost all structure beyond the annealing to temperatures above 5000C has been followed with
first nearest neighbor, indicating that the alloy had become amorphous, in transmission electron microscopy. The results will be con-
agreement with experiment. Based on these results, the relative significance of trasted with precipitates produced by implantation at 500°C.
chemical &L.ordering versus the introduction of lattice defects in causing
amorphisation in alloys will be discussed. When Kr is implanted into Ni at 500°C, the precipitate size

distribution is bimodal. The small precipitates are solid Kr
A4. 5 and the large ones are faceted and nonsolid. Modelling with

rate theory suggest that during the implantation solid Kr
MOLECULAR DYNAMICS SIMULATIONS OF THE precipitates are immobile while nonsolid precipitates migrate
DISORDER FORMED IN SILICON BY HIGH-ENERGY by surface diffusion.
ELECTRONS. A.M.Mazzone C.N.R.-Istituto LAMEL, Via
de' Castagnoli 1 - 40126 Bologna, Italy. Room temperature implantation results in small solid Kr

precipitates. Annealing to temperatures below 400*C after

Electron-phonon coupling is a point of major i rest room temperature implantation produces a small upward
many rela-ation processes such, for instance, are the ones shift in the monomodal size distribution and a decrease in the
following high-energy implants or the passage of fission average, solid Kr density within the precipitates. Annealing
figments, above 500°C leads to precipitate coalescence that eliminates all

small precipitates and results in large faceted cavities. The
In this work we present a molecular-dynamics simulation of behavior of Kr atoms and precipitates during precipitation and
the disorder generated in a silicon lattice by the passage of annealing will be discussed on the ba.sis of results from rate
electrons with an energy well above the Ferm sea. The theory modelling.
electrons are injected into the lattice at a given time and
the lattice evolution is followed for times corresponding to *Work supported by U.S. DOE, Basic Energy Sciences-
typica! phonon frequencies. The energy losses of the Materials Sciences under Contract #W-31-109-ENG-38.
mcommig electrons are accounted for by using a dielectric
formulation. The interaction between these electrons and
lattice atoms and the coupling between the lattice atoms AS. 1
are described by suitable interatomic potentials. FABRICATION OF CRYSTALLINE-AMORPHOUS

SUPERLATrICES BY DIFFERENTIAL ION-BEAM DAMAGE.The work analyzes the influence on the lattice disordering I.M. Pot D. I. Faiehm D. C. Jacobson, M. Cerulo, L. N. lPfeiffer,
of the various physical parameters of the process. . W . Est, A T Bl L ao o , M . NJ.

and IL W. West, AT&T Bell L.aboratores, Murray Hil NJ.

A4.6 A study is presented of the build-up of ion-beam damage in multilayers

SUPERIIEATING AND SUPERCOOLING OF LEAD INCLU- and superlattices of elemental and compound semiconductor MME-
SIONS IN ALUMINIUM. E. Johnana', L. GrLbaek", J. Bohr2 , A. pewn suprla€tices of GeSi-Si and GaAs-AlAs are implanted with MeV
Johansen', L. Sarholt-Kristensen' and H.H. Andersen'. 'Physics ions and the build-up of damage is studied using a combination of RBS
Laboratory, University of Copenhagen, Denmark, 2 RISO National and canneling and TEM. The apearance of defects and amophous
Laboratory, 4000 Roskilde, Denmark. nion a these ilayers is studied s a function of dose, implantation

temprau implanted species and layer composItiom. It is shown that,
Ion implantation at room temperature of lead into aluminium leads wher there is a signlhcant difrence in the damage rates for two
to spontaneous phase separation and formation of lead precipitates materials, damage can be located almo entirely within the faser-
growing epitaxially with the matrix. Unlike the highly pressurised damaging layer (i.e. damage occus in GaAs and GeSi, respectively). In
solid noble gas inclusions, the pressure in the lead precipitates is the case of GeSI-Si auperlattices, damage is distributed evenly acrss a
indistinguishable from ambient. Isile layer, with no visible proximity effects at the interfaces. In

Small implantation-induced lead precipitates embedded in an alu- As.ApA sud , on the other hand, damage is initiated at the
minium matrix were studied by X-ray diffraction. The (111) Bragg centr of the GaAs layers. and regions near the beterointerfaces rquire

dam up to an order of manitude higher to produce equivalent damage.
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The distinction between these two sysoms is discussed in teims of the the basic physics of these processes is still rather poorly
psucesses and mignming species involved in the build-up of damage. understood.
Fually, we show that for both GeSi-Si and GaAs-AlAs it is possible to
create an amorphous-crystalline superlatice before the onset of In this study, the STM has been used to investigate surfaces
significant damage in the slower-damaging layer. of graphite prepared by 5 keV Ar+ ion bombardment.

Several different surfaces have been prepared with
AS.2 sputtering rates from 2.4 z 1013 iona/cm 2 -sec. to 8.9 x 1014

ionu/cm 2-se., while keeping the total dose of ions constant.
INTERNAL BLACKBODY EMISSION INTERFEROMETRY FOR M images were taken in the constant height mode both
MEASUREMENT OF CRYSTALLIZATION KINETICS AND before and after the sputter etching. The images of the ion
OPTICAL PROPERTIES OF THIN FILMS. L.A. Roth and G.L. bombarded graphite samples show a definite dependence of
Olson, Hughes Research Laboratories, Malibu, CA. surface roughness on the rate ofion beam etching.

The spectral emissivity of a semi-transparent thin film on a heated Indditiqn, severp imags of different scale, ranging from
substrate varies with film thickness due to optical interference within the 2oAz25Ato 500A x 500A, were taken for each sputtering
layer. This leads to oscillations in the emitted blackbody radiation rate used. This series of images shows that the surfaces
intensity when the film thickness changes with time. Analysis of the produced have a self-similar or fractal nature. It is believed
time dependent change in emission intensity can be used to accurately that results obtained with sputter etching, while important
determine the solid phase crystallization rate of an amorphous thin film in themselves, also provide direct insight into the
or to obtain the growth rate of a film during vacuum deposition. In topography of surfaces that can be produced by ion beam
addition, since the blackbody emission spans a wide spectral range, the sputter deposition. It is now clear that the sputtering rate
wavelength dependence of the emission can be used to obtain the plays a crucial role for both processes.
absorption coefficient and index of refraction of an amorphous layer as a
function of wavelength and temperature. In this paper we show how A6. 1
internal blackbody interferometry has been used to measure the
crystallization kinetics and infrared optical properties of ion-implanted GRAIN GROWTH AND PHASE FORMATION IN ION
amorphous silicon and amorphous germanium thin films on crystalline IRRADIATED/ANNEALED THIN NI-AL ALLOY FILMS. Dale
substrates. A comparison of the blackbody emission intrferomery data E. Alpxandter and Gary S. Was, University of
withtime-resolvedreflectivitymeasurementsatO.6328janandl. 15 M Michigan, Ann Arbor, MI, 48109; and Lynn Rehn,
shows that the blackbody emission results can be understood in terms of Argonne National Laboratory, Argonne, IL, 60439..
a straightforward optical model.

Ion irradiation and anneal studies have been
A5.3 performed on Ni, Ni-20 at.%Al multilayers and Ni-

20 at.%Al co-evaporated thin films. Nil- Kr' andTRANSITION RADIATION FOR SURFACE ANALYSIS. Xe ions were used to irradiate the films and
John M. Macaulay and Julius J. Muray, SRI International, homogenize the multilayers at room temperature.
333 Ravenswood Ave., Menlo Park, CA 94025 Irradiation of the alloy films resulted in the

formation of a metastable, supersaturated solidThe electron beam - material interaction gives rise to secondary electrons, solution of gamma phase and an HCP phase. Ion
backscattered electrons, cathodoluminescence, etc., all of which are used induced grain growth was observed and followed a
for analytical purposes. The interaction also produces transition radiation - inued aindgrwt ws oseve and sfollo
dipole radiation produced by the movement of an energetic charged particle Alwenhancedegeainngrowth i oyfm A fctorAl enhanced grain growth in alloy films. A factor
across an interface between two dielectrics (see, for example, M. L. Ter- of 2 greater grain growth was observed in Ni-Al
Mikaelian 19 7 2t for a full discussion). This paper reports on our multilayers compared with co-evaporated films
investigation of the use of transition radiation, at optical wavelengths, for irradiated to the same dose with the same ion
surface analysis. species. Post irradiation annealing of the ion

beam mixed samples at 450 0C for 1 hour resulted inWe have used electron beams with energies up to 100 keV to produce the formation of a dual phase gamma-gamma prime
transition radiation from metals, doped and undoped semiconductors, and structure in which distinct, approximately equal
insulators. The radiation is passed through a polarizer and a spectrometer - size grains of both phases were identified. In
allowing a suitable spectral range to be determined for collecting transition order to understand the mechanism of the dual
radiation, in which luminescence, etc. is not observed. The low light levels, phase format ion from a supposed compositional ly
typical of transition radiation produced under these conditions, require the homogenous film, a careful STEM characterization
use of a single photon counting photomultiplier tube. The spectra are stored of the microstructure was undertaken following
on a computer disk. irradiation, both during and after annealing.

CBED and ultra-fine probe EDS analyses were usedTheoretical transition radiation spectra are calculated, using published to analyze the structure and composition of
dielectric data, and are compared with the experimental spectra. individual grains within the microstructure.

* This work supported under NSF grant DMR-8603174
Experimental data from nanometer - thick surface layers and ion beam and under DOE contract W-31-109-ENG-38.
modified surfaces are presented and discussed. The depth and lateral
resolutions of the technique are considered. A6.2

t M. L. Ter-Mikaelian Thgh-Energy Electromagnetic Processes in CESSATICII AT HIGH TBERPDURE OF RADIATIT4 INIXXE)
Condensed Media' 1972 (Wiley - Interscience : New York) DIFFWSICt: ThE RLE OF D= (XHPLI.C FRI %TN.

T.D. AndrMI and Mervin I osen, Naval Iseazc Laboratory,
A5 • 4 WAhirton De, 20375-5000.

STM INVESTIGATIONS OF GRAPHITE SURFACES Rsion work involving the ion baeftrdmnt of valti-
PREPARED BY 5 keV Art ION BOMBARDMENT. ZliU layer NiAg iidicatas that radiation induced diffusion of Ag

,ZkbanA . UCLA Dept. of Physics and Solid State Sciene cases wheir the tum ature in increased fra ron
Center, Los Angeles, CA; Erie J. Snyder and R. Stanley taperature to 1oo- C . It has ben specilated that this
Wlliams, UCLA Dept. of Chemistry, Los Angeles, CA. ldavicr in brang* abart by the disoiation at the higher

teaegwatir of a defect cople containing Ag uf4tid is
The processes of ion beam sputter deposition and sputter reqpnsible for the migration of Ag. Birding, fo :ation,
etching are used quite ostensively in thin anm tha migration winmrgi of defects and c.ogaoes am

calculated using Embedded AtN= Potuat:iuls in ftesolarsurface analysis. Despite increasing interest in this area, Sttic ctlculat Whgats the diffusion of such

defect cmcples as a function of taperature.
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A6.3 sputtering yield for surface impurities such as oxygen, carbon,

VOID DENSITY REUCrION DURING ION ASSISTED DEPOSITION. and hydrogen by the incident metal ions is also studied. For a

P.D. A dis, R.H. Bassel, Mervine Rosen, and J.A. fixed density of impurities (oxygen and hydrocarbon) sitting on

sprague, Naval Research Laboratory, Washington, DC, 20375- the surface, the minimum ion/atom ratio required to remove
5000. them is plotted as a function of the ion energy. Impurity

removal at the growing surface during deposition is crucial in

Caipuster simulations were used to examine the reduction controlling the orientation and epitaxy of the films.

of voids by thermal diffusion ard athermal collision cascade
mechaniss taking place during the Ion Beam Assisted A6.6
Deposition (IBAD) of Ge films. Reduction of void density is E
of interest since it is acounpanied by strengthened ELECTRON BEAM INDUCED HOLE-DRILLING AND LITHOGRAPHY

attacdent of the dcposited film to the substrate below. ON A NANOMETRE SCALE IN At, MgO AND a-AIF3 IN A STEM.

Void reduction may be acccmplished by the trapping of Tim J Bullough, Colin J. Humphreys and Robert W. Devenish, Department

collision cascade atoms in the void, of Materials Science and Engineering, University of Liverpool, Liverpool

Simulations were made usir the collision cascade code L69 3BX, England.

MARLOE with realistic void size distributions to e.-xmine A wide variety of materials including metals, alloys, semiconductors and
the reduction of void sizes solely due to the ollision ionic inorganic thin films which are inert under the electron beam in a
cascade and at vacancy-interstitial annihilationsv conventional transmission electron microscope have been found to become
!he diffusion of residual interstitials and vacancies damaged and/or "drill" under the high current density focused electron

probe in a dedicated scanning transmission electron microscope operating at
100 kV. Typically, holes 1-5 nm in diameter can be formed in crystals

A6.4 many tens of nanometres in thickness. Controlled movement of the electron

STUDIES ON ION SCATERING AND SPUTTERING PROCESSES beam can produce features analogous to conventional lithographic structures
RELEVAN"T TO ION REAM SPUTTER-DEPOSITION OF MULTICOMPONENT but on a nanometre scale. Results of hole drilling experiments on Al, MgO

THIN FILMS ; Au lcl ,
1. 2 M.S. Ameen,1 A. R. Krauss,

3 and A. 1. Kingon.1 and a-AIF 3 will be presented and possible mechanisms discussed.

I )North Carolina State University, Department of Materials Science, Raleigh, NC
27965-7907 (2) Microelectronics Center North Carolina. RTP, NC 27709-2889. (3) In Al, holes -5 nm in diameter initially form at the electm entrance surface,

Argonne National Laboratory, Chemistry Division, Argonne.ll 60439. growing towards the electron exit surface with a row of dislocation loops
distributed along the electron beam path. In contrast, facetted square cross-

Several groups are now using high current (20-100 ma)/ low energy (1000-2000 section holes in MgO grow in from the electron exit surface. Surfaces of

CV) ion beams to deposit high Tc superconducting films by ion beam-induced MgO crystals can be atomically reconstructed and smoothed by scanning of

sputtering of either bulk superconductor (i. e.. YBa 2 Cu 307-8 ) or elemental (Y, Ba, the electron beam.

Cu, etc.) targets. This technique is also being used for deposition of ferroelectric and
optoclectronic (KNbO 3 for examp -)thin films. We are using a novel computer- Holes form in a few milliseconds under the electron beam in many ionic

controlled ion beam/rotatable ta. g holder sputter-deposition technique, which inorganic evaporated thin films such as a-AIF 3. By careful analysis of X-

involves sequential irradiation of elemental materials or their oxides. However, little ray spectra acquired during hole drilling, coupled with computer control of

information is available on basic ion scattering and sputtering processes occurring the electron beam, it has been possible to obtain an insight into the

during deposition and their influence on film characteristics at these beam energies and mechanisms responsible for hole formation in such materials.
ion fluxes. As ,art of our extensive research program on thin films related to
materials mentioned above, we have performed computer modelling and made

experimental measurements on sputtering and ion scattering using Ar+
, Kr

+ , and Xe
+  A6.7

ion beams on Y. Ba, Cu. K02 , Nb 2O5targets. The beam energy was varied from 1000- THERMAL ANNEALING INVESTIGATION OF THE

2000 eV and the angle of incidence was either 450 or 00 with respect to the target OPTICAL PROPERTIES OF B I-xNx FILMS FABRICATED
normal.B O EMASSTDDPSTO .

The data shows that, for 450 ion incidence on the target, significant gas BY ION BEAM ASSISTED DEPOSION. C. A. CaroSella,

incorporation and resputtering of the deposited film due to ion scattering occurs at the E. P. Donovan and G. K. Hubler; Naval Research Laboratory,

specular position, and substantially decreases towards the surface normal. The result Washington, DC 20375-5000
is dependent on the mass of the incident ion and target atom, with Ar on Ba showing
the most pronounced effects. The ion scattering effects were seen to diminish at
normal incidence for all ion/target combinations. The sputtering yield is larger for The annealing behavior of the optical properties of boron
polar angles in the range of specular reflection up to and including the surface normal nitride films (BI-xNx) is described for films fabricated by ion
for 450 bombardment.

The results above, coupled with measurements of the spatial distributions of beam assisted deposition. The data are needed for the precise
sputtered species, have been used to determine the optimum deposition geometry and fabrication of coatings for optical components, such as
beam charactenstics for ion beam spuuer-deposition of high Tc superconducting and tireflecg coatings.
optoelectronic films.

A6.5 Amorphous samples of boron nitride are deposited on silicon

INTERACTIONS OF LOW-ENERGY METAL IONS WITH SURFACES. substrates. Spectra are taken from 400 to 25000 nim. and fits

p Bai. Ch. Steinbruchel, and T.-M. Lu. Center for Integrated to the interference patterns are used to find index of refraction

Electronics, Rensselaer Polytechnic Institute. Troy, NY 12180. vs wavelength as a function of film nitrogen content. Changes

Recently, a growing number of techniques have employed in shapes of absorption bands at 7300 and 13300 rn,

self-ions, i.e., the ions derived from the deposition materials corresponding to BN vibrations, are monitored to indicate the

theosself, to concurrently bombard the surface during thin film onset of crystallization. Nitrogen atom fraction was varied

growth in order to modify the film properties such as adhesion, from 0.2 to 0.5 by variation of the incident relative fluxes of
impurity content, orientation, and epitaxy. The ion/atom ratio nitrogen ion beam current to evaporant boron flux. The films
used in these techniques ranges from less than one percent to

one hundred percent with the ion energy varying between a were annealed in argon at 500 C, 700 C, 900 C and 1100 C

few eV and several keV. In this paper, we calculate the energy and the measurements repeated. The systematic shifts in index

dependence of the self sputtering yield for metals based on a of refraction with annealing temperature are described.
modified Sigmund linear cascade model. The results are

compared to the existing experimental data and the results

obtained from a Monte Carlo computer calculation (TRIM) on

the self sputtering of carbon and copper. When the self
sputtering yield is bigger than one, for a given ion energy
there exists a critical ion/atom ratio above which there is no

net deposition. The critical ion/atom ratio is plotted as a
function of the ion energy for different materials. The
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A6. 8 acceleration voltage of 200V and the lattice

MECHANISM OF ION-INDUCED SOLID-PHASE EPITAXIAL parameter of PE film deposited by ICBD was close
GROWTH. T.K. Chaki, Department of Mechanical to that of the single crystal PE. Oxydianiline
and Aerospace Engineering. State University of and pyromellitic dianhydride were co-deposited to
New York. Buffalo, N.Y. 14260 fabricate polyimide film. Crystalline polyimide

film was obtained at ion acceleration voltage of
A model is proposed to explain ion-induced 700V.
solid phase epitaxial growth (SPEG). The
crystallization is by the adjustment of atomic A6.11
positions in the vicinity of the STRUCTURAL AND ELECTRICAL STUDIES OF EPITAXIAL PbTe FILMlS
crystalline/amorphous interface due to self GROWN BY ION-ASSISTED RE MAGNETRON SPUTTERING. J.G. Cook
diffusion in amorphous solid. The driving and S.R. Das, Laboratory for Microstructural Sciences,
energy of SPEG is the difference in free National Research Council of Canada, Ottawa, Canada
energies between the amorphous and crystalline KIA 0R6, and M. Phipps, Department of Physics, University
solids. Irradiation increases the self of Ottawa, Ottawa, Canada KIN 6N5.
diffusivity of the amorphous solid by
generating point defects in the amorphous solid The growth of PbTe on (11) BaE 2 by means of rf magnetron
and thus enhances the crystallization. An sputtering has been studied. Low growth temperatures and
expression for the velocity of epitaxial growth high growth rates favour (100) growth, while high
is derived. The model explains numerous temperatures and low growth rates result in (i11) growth.
experimental facts and at the limit of no The application of a small negative substrate bias strongly
irradiation, also gives a correct model of encourages (Ill) growth, particularly at the lowest
thermal solid phase epitaxial growth. temperatures. With a -10V substrate bias, epitaxial (1I)

growth occurs at temperatures as low as 180*C. If no bias
A6.9 voltage is applied at such low temperatures, the growth is

strongly (100) except at very low growth rates, for which
STUDY OF THE ANODIC OXIDATION ON TI AND TA6V it is of mixed orientation.

BY ION-IMPLANTED XE IONS MARKERS AND 0'
TRACING TECHNIQUES. Author Heming Chen, Hall effect studies are made on films grown at temperatures
Mingjiang Dai, Xinde Bai, Wangpei Li, between 180C and 400*C onto (111) BaF2 which has been
Department of Material Science and chemipolished to remove the cleavage ledges which are known
Engineering, Tsinghua University, Beijing, to favour (100) growth. Below 180°C and without
China. intentional doping the films are p-type, while above 300*C

the films 2re n-type. The effect of a bias voltage n the
One Ion-Implanted Xe ions marker and two Ion- surface morphology is examined. We also study the effect
Implanted Xe ions markers as well as 0* of a bias voltage applied only during the initial stages of
tracing techniques are used to study the film growth.
mechanism of anodic oxidation on Ti and TA6V.
It is shown that in 5%wt ammonium citrate,
the mechanism of anodic oxidation on Ti is A6.12
very different from that on TA6V. For Ti, new OXIDATION BEHAVIOUR OF TITANIUM SURFACES
oxide is mainly formed by the migration of Ti
cations to the solution / oxide interface and COATED WITH BORON COMPOUNDS. M. Elena, L.A.
the regions in which new oxide formed are at Guzman, L. Moro, and A. Tomasi, Institute for Scientific and
the solution / oxide interface and in old Technological Research - IRST, 38050 POVO (TN), Italy: and
oxide near the interface. While for TA6V, new S. Gialanella, P. Scardi, Department of Materials Science
oxde is mainly formed by the migration of
oxygen anions to the oxide / metal interface Engineering, University ofTrento, 38050 Mesiano (TN), Italy
and the regions are at this interface and in
old oxide near the interface. The transport
numbers for Ti in solution of 1%wt KOH are Titanium is one of the most interesting materials for a
calculated to reveal that temperature has an wide range of high technology applications (e.g. in the aerospace
influence on it. At 3"C, its average is 0.32,
while at 30"C, its average is 0.28. The sector, where its low density is an important characteristic).
current efficiency is above 99.8%. The result However, one of the main problems is its extremely high
of AES spectrum shows that V and Al in oxide oxidation rate, which can limit its use especially in high
on TA6V present uniform distribution, temperature environments.

A6.10 In the literature relatively few papers deal with this
:RYSTALLINE POLYMER THiN FILM DEPOSITION BY subject, and this can be understood in view of the recent
:ONIZED CLUSTER BEAM. S. J. Cho, Department of
Physics, Kyungseoung University, Busan 608-020, widespread use of titanium in industrial applications, and to the
Korea; H. S. Choe, Department of Physics, difficulty of the task. In this paper we describe our attempts to
Kyungsang University, Jinju 660-300, Korea; H. protect titanium against oxidation using various surface
K. Jang, S. S. Kim, C. N. Whang, Department treatments. In particular we have coated the metal with various
of Physics, Yonsei University, Seoul 120-749, compounds ranging from a Ti-B multilayer to BN, passing
Korea; and D. S. Choi, Department of Physics,
Kangwon University, Chuncheon 200-701, Korea. through TiB2 Some films, obtained by RF sputtering, have also

been ion bombarded in order to achieve a better uniformity and
Polyethylene (PE) and polyimide thin film are an increased adhesion to the substrate. In addition we have also
deposited by ionized cluster beam deposition used the Ion Beam Assisted Deposition technique (IBAD) to
( rW:O3D) technique. Polymerization and
:ystallization of PE and polyimide were produce BN.
investigated using TEM, FTIR and XRD, and the
electronic structure of these polymer films were Our work shows the difficulty of obtaining an effective
investigated using XPS. Films deposited at and complete solution to the problem of protecting titanium
optimum ion acceleration voltage showed strong fro
preferential crystal orientation. In the case of m oxidation, although some treatments have given promising
PE, orthorhomic structure was obtained at ion results towards this goal.
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A6.13 sed Mater and Radiation Physics, CCAST(World Lab)
ION-BOMBARDMENT EFFECTS ON FILM ADHESION.- R. A- Beijing, China.
Erck, G. R. Fenske, and A. Erdemi.. Materials
and Components Technology Division, Argonne Spontaneous vitrification was observed in some
National Laboratory, Argonne, IL 60439 iron-based alloy films prepared by xenon ion

mixing and hereafter annealed at low temperature.
Ion-assisted processes, e.g., ion-assisted depo-
sition (IAD), are becoming more common for the It was found that the spontaneous vitrification
production of thin films. In IAD, a film is de- could only be accessed when the system had a lar-
posited by evaporation or sputtering while
undergoing bombardment with inert or reactive ge elastic energy in addition to a pre-formed
energetic ions. metastable phase by ion mixing. Firstly, the mul-

tilayered films were irradiated by xenon ions to
Good film adhesion is critical in many applica- certain dose and a uniform mixing was achieved.
tions, particularly for lubricious metal films The films consisting of metastable phases were
on ceramic substrates used at elevated tempera- then subject to in situ annealing in transmission
tures. Many thin-film deposition techniques electron microscope to the temperature at which
(e.g., evaporation) produce films with poor ad- the metastable phases were stabilized. These films
hesion. Thus, energetic-beam deposition tech- were kept at room temperature for months and re-
niques such as IAD are being investigated examined again and a uniform spontaneous metas-
because of their potential for improving the
adhesion of the films to the substrate. Film table crystalline to amorphous phase transforma-
adhesion in IAD can be improved by energetic-ion tion was observed.
bombardment of the substrate prior to and during
the start of deposition. However, the condi- This paper presents the detailed process of metas-
tions (ion energy, flux, species) that produce table phase formation and transformation and the
the best adhesion at the start of deposition are thermal stability of the observed vitrified
not well understood. phases. The kinetics of these phase transforma-

tions is also discussed.
In this work, a pull-type adhesion tester was
used to measure the adhesion of various IAD
films to A120 3 and Si3N4 substrates. The effects A6.16
of varying the current density and energy (100-
1500 ev) of the ions (reactive and inert) are FOCUSED.0.5 MeV ION BEAM LINE WITH LOW ABERRATION
reported. QUADRUPOLE MAGNETS. Kiyotaka Ishlbashl, Ken-lohl

Inoue. Yutaka Kawata, Norio Suzuki, Electronics
*Work supported by the U.S. Department of Energy, Reserch Laboratory, Kobe Steel, Ltd., Kobe
Energy Conversion and Utilization Technologies 673-02. Japan; Mikio Takal and Susumu Namba,
Division, under Contract W-31-109-Eng-38. Faculty of Engineering Science and Research Center

for Extreme Materials, Osaka University, Toyonaka,
A6.14 Osaka 5860, Japan.

CARRIER LIFETIME DISTRIBUTIONS AND RECOMBINA- The techniques of Rutherford backscattering
TION KINETICS IN SILICON ON INSULATOR (SIMOX) SUB- spectroeoopy (RBS) and particle-Induced X-ray
STRATES. M A Lourenqo, K P Homewood and E L f H.mmen, emission spectrosoopy (PIXE) using MeV ion
Department of Electronic and Electrical Engineering, University of mlcroprobes are expected to play a very important
Surrey, Guildford, Surrey, GU2 5XH, UK. role In the recent advancement of microelectronic

materials and processes.
Silicon on insulator (SO1) materials offer many advantages as
substrates for small geometry MOS and bipolar circuits. During A microbesa line with 0.5 MeV helium Ions has been
recent years SO! substrates formed by high dose oxygen implanta- developed and installed at the Research Center for
tion (SIMOX technology) have been shown to support high Extreme Materials, Osaka Univ. The beam line
performance, fully depleted CMOS transistors and, recently, consists of cylindrical objective slits, a
bipolar circuits also have been successfully fabricated. sagstto quadrupole doublet with hyperbolic shaped

pole pieces and a 5-axis gonlometer newly designed
During the preparation of the SIMOX substrates, involving ion for microchannellng measurements. A minimum beam
implantation (> 100 0- cm4 )and extended high temperature spot size of 0.7p m X 0.9pm was achieved by
annealing (-1350 °C), many defects are unitentioeally introduced, evaluating the spaecial resolution of the secondary
which can act as trappin; and recombination centres. In this electron image, and a spot size of lit p diameter
paper the carrier lifetime distributions and recombination kinetics with current of nearly 100pA has been steadily
determined by Photoconductive Frequency Resolved Spectroscopy available. As an example of microbeam analysis,
(PCFRS) are reported. Comparative measurements give lifetimes secondary electron and RBS mapping images of a
of 5ps, 6ps and 200ps in bulk silicon, annealed bulk silicon and I p m gold pattern on a silicon substrate were
device quality SIMOX, respectively. In the annealed silicon and demonstrated.
SIMOX the kinetics are observed to be second order whilst as
expected being first order In unannealed bulk silicon. In this meeting, an optimum design of a quadrupole

magnet using a 3-dimensional numerical magnetic
Measurements on SIMOX uAterial made as a function of tempera- analysis and comparison of spatial resolution
ture in the range 350 K to 90 K reveal a strong dependence of the between the two mapping images will be discussed.
lifetime distribution on temperature, confirming the domirance of
carrier trapping. Trap parameters have been obtained from A
Arrhenius plots of the lifetime distribution and details of these will b.17
be presented. THE STRUCTURE AND PROPERTIES OF Ni FILMS

GROWN BY ION BEAM ASSISTED DEPOSITION.
A6.15 .&.Kant, G.P. Chambers, and B.D. Sartwell,
SPONTA ,EOUS VITRIFCATION OF ION MIXED METASTABLE Naval Research Laboratory. Code 4675, Washington DC 20375
PHASES IN IRON-BASED ALLOY SYSTEMS L.J.Huang,
B.X.Liu(a) and H-D.Li, Department of Materials
Science and EngineeringTsinghua University,Bei- The influence of ion bombardment on the properties of Ni
jing, 100084,CHINA;(a) ales at Center of Conden- thin fims grown using ion beam assisted deposition has been

studied for f'dms grown under ion bombardment with high
energy Ni ions (25 to 160 keV) and under Ar bombardment at
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low energies (0.1 to 1.5 keV). Ni was selected for this study potential.

because it is a relatively unreactive metal. Ni and Ar ion *This work was performed at Sandia National Laboratories

bombardment were used in order to investigate ballistic effects supported by the U.S. Dept. of Energy, contract number

with minimal influence due to compositional effects. Film DE-AC04-76DP00789.

microstructure was examined using transmission electron A6.20
microscopy and electron diffraction. Substrates for the electron
microscopy samples were single crystal sodium chloride with ON THE STABILITY OF METASTABLE AND AMORPHOUS

7 nm of Ni deposited at 280 C. The observed microstructural PVD-COMPOUND FILMS. Otto Knotek;Frank Jungblut ; Arm., Barimani, Technical

characteristics include small grain size with strongly oriented University Aachen, F.R.G.
crystal structure, microtwinning and a high density of defects.
These features are discussed in terms of measured electrical Binary and quasibinary eutectic systems with
conductivities and mass densities as a function of the ion to small solubilities can create metastable phases
atom arrival ratio, ion energy, and substrate temperature. as coatings using PVD-technology. They have
Samples prepared for electrical resistivity and density sufficient thermal stability for tools, and for

measurements were deposited on optically smooth single both wear- and corrosion-protection. Another

crystalline sapphire substrates at room temperature. Film special effect of those systems is the amor-
phous deposition from the gaseous phase. In

densities were determined using step height measurements this case, the thermal stability is increased
together with microbalance mass measurements; electrical due to the incorporation of small amounts of

conductivities wete determined using the four-point-probe impurities. A specif.c transformation from the

method. For the case of bombardment with low energy Ar amorphous to the crystalline state can be

ion-, the mass density was observed to be strongly sensitive achieved. Examples are given within the systems

both to ion energy and to ion to metal atom ratio. (Ti,AI)N, (Cr,Al)N and AlO. An example for
the decomposition in coatings is to be given by

the (Ti,Zr)N-system.
A6. 18

Ar INDUCED INTERFACIAL MIXING IN Pd/Cu SYSTEM. A6.21

H. K. Kim, Korea Standards Research Institute, AmIs of Flemrd m Fingerrits by Rufferd Bcksmerirg Speftswpy ETaejon 302-340, Korea; 2. H. Song, S. O. raii 1E~e~ ,Fnenisb~ uhfr'BdsnigSmrsp
Km, C.0N.Whag, oreartment o ns, Sei 0 Madakson IBM Research Division. Thomas J. Watson Research Center. Yorktown
Kim, C. N. Whang, Department of Physics, Yonsei
University, Seoul 120-749, Korea; J. J. Woo, Heights. NY 10598.

Department of Physics, Chonnam University,
Kwang j u 500-757, Korea; and R. J. Smith, The fingernails of several people were studied to determine the elements and their
Department of Physics, Montana State University, varations in composition and, with source and tune. The common elements were
Bozeman MT59717. found to be H, C. N, 0. Ca and Fe. The first four elements have about the same

Evaporated Pd/Cu bilayer thin films are composition for each of the fingernails studied and they do not vary significantly

irradiated at room temperature using 80 key Ar with time or source. in contrast, the compositions of Ca and Fe vary from person to
with doses in the range of 1x10: 5 to IxI(G1 cm - z

. person and with time, probably in lie with changes in their amount in the body.
The Ar' induced interfacial mixing behaviors are Other elements found on some people are Bi, Si, Zn, Nb. Pb and Nd. Some of these
investigated using RBS technique, and phase am prbabl frm emaS conunation of The figerails and others from food
formation by Ar' bombardment is investigated
using RBS and TEM techniques. RBS analysis shows or water intake.

that intermixing has occurred across the Pd/Cu
interface, and the mixing variance increases with A6.22

increasing dose of Ar7 . This result agrees well SECONDARY IONIZATION DURING ION BOMBARDMENT OF
with a model based on radiation enhanced Rh(lil), Geoffrey P. Malafskv(l) and Nicholas

diffusion mechanism. The phase of Cu3 Pd is found Winograd, Department of Chemistry, 152 Davey
to be formed by Ar' bombardment. This phase Laboratory, The Pennsylvania State University,

formation is discussed in terms of enhanced University Park, PA 16802

atomic mobility and thermodynamical driving force
by introducing the concept of an effective heat secondary ion mass spectrometry (SIMS) is a

of formation. powerful technique for analyzing the atomic
concentrations of thin films. However, SIMS is

A6.19 hampered by large differences in the ionization

IN-SITU ION BEAM MEASUREMENIS OF DEUTERIUM LOADING IN THIN probabilities of different species. We report on

FOIL ELECTROCHEMICAL CELLS. A. Knapp, T.R. Guilinger, the fundamental nature of the secondaryFOILELECROCHMICL CELS. .A.ionization process during ion bombardment of a

N.J. Kelly, D. Walsh and B.L. Doyle, Sandia National 
Rht tre s deribe the firstrdetRh(Ill) target. We describe the first direct

Laboratories, Albuquerque, NK. comparison of measured energy and angle resolved

A key element of recent assertions of "cold fusion" has secondary ion and neutral particle distributions

been the claim of electrochemical deuterium loading into from a single crystal sample. From this

Pd electrodes to levels exceeding 1.0 D:Pd. We have used comparison, we identify a collisionally induced

external beam nuclear reaction analysis, in combination secondary ionization mechanism. This mechanism

with electrochemical cells with a Pd foil electrode at one occurs during the collision cascade through

wall of the cell, to directly monitor the loading and un- certain high yield collision sequences which

loding of D in the Pd foil as the cell is operated. Using significantly disrupt the electronic structure
a He ion beam in air, the deuterium in the out1r 2 um of the lattice. These collision sequences produce
of the exposed Pd toil is measured using the D( He,p) anomalies in the energy and angular distributions
nuclear reaction. Typically, a 25 um foil was observed to of the ejected Rh+ ions which are not present in

load to 0.6:1 (D:Pd) within a few minutes and reach 0.8- the Rh neutral particle distributions. The
0.9 within several more minutes. No conditions were found anomalous yields agree with a molecular dynamics
which resulted in loadings higher than 0.9. Combined with simulation of the ion bombardment process.
reference electrode monitoring, this in-situ measurement

of deuterium content for an operating Pd electrode provides

a direct correlation between electrode loading and chemical (1) Present address: ONT Postdoctoral Fellow,
Naval Research Lab, Code 6816, Wash, DC 20375
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A6.23 the buried oxide layer and the quality of the
ION BEAM MIXING OF MULTILAYERED Co-B THIN FILMVS s ilIicon top l aye r.

G Choe, Center for Materials Science and Engineering; R.M. Walser,
Dept of Electrical and Computer Engineering. The University of Texas at We will present results of this work as

Austin, Austin TX. 78712. obtained by RBS/channeling and TEM. Very high
quality, low defect SIMOX material has been
produced with a two step process (7 x 1017

Magnetically soft, amorphous Co-B films, exhibiting a two-phase O+/cm2 ). We will also discuss the formation
structure, have attracted attention because their specific morphological and evolution of the buried SiO 2 layer at very

changes are associated with important changes in their soft magnetic low doses (1-4 x 1017 0+/cm
2

).

propertiesl. In this paper we report on investigation of the structural and
magnetic properties of ion beam mixed Co-B films. Multilayered Co-B
films were systematically prepared with various bilayer periods (BP=TCo i. F. Namavar, E. Cortesi, and P. Sioshansi,

+TB, TCO/TB = 4) and ratios of bilayer thickness (composition). These Mat. Res. Soc. Symp. Proc. 128, 623 (1989).

films were subsequently ion beam mixed with 150 keV 1016 Ar ions/cm
2

.
Microstructure and compositional modulation of the ion beam mixed films * This work was supported in part by DOD/RADC
were investigated with TEM/TED, Auger depth profiling, and x-ray T H o aB un d c nrt No F1968-86

diffration.at Hanscom AFB under contract No. F19628-86-
diffraction. C-0069.

Although ion beam mixed films exhibited amorphous structures, the
morphologies differed as a function of BP in the as-deposited state,
possibly indicating a difference in atomic ordering due to different degrees MICROSTRUCTUIRAL SiTUIES 01. MYLAR (PI'lA) 1.5IN(;

of microscopic mixing. The ion beam mixed film with large BP (170,k) CRYOFIRACTURING SYSTEM AND SEM. A.K.Nigam, Rami
showed a microstructure composed of small spherical particles (60-150k), Pathak, R.N. Chakraborty and U.K. Clitatrverdi .\'fG
whereas the iun ba,2m mixed film with small BP (28,) showed a two- Lab. , Dept.t of 'hysi cs, 13.11. U. . Varanasi-221005. INDIA

phase separated, maze type microstructure. This morphological difference
appeared to influence magnetic properties such as anisotropy and To study the microstructure of the semicrysta-
coercivity. Magnetization measurements of ion beam mixed films revealed line Polyethylene 'Teraptlhalate (PET) sampl( I

that the atomic concentration at which ferromagnetism disappears extends using vorsatile SE", t'McIhnti n spocial cTyolr;c-

to higher boron composition (-55 at% B) than those of the reported melt- turing system has been desig. -, and fabricated.

spun alloy (40 at% B)2. These magnetic properties will be discussed in Using this system the thin 250 Key Himplanted
relationship to the morphological inhomogeneities. polymer sheets can be broken at ]iquirI N, tomp(-

ratjre without (lis ,t.iiilbing Iheir micrv tr uctl ral
I. D.Y. Kim and R.M. Walser. J. Appl. Phys.,64. 5676 (1988) detai ls as the sample becomes bri tt 1 e at. th is
2.N.S. Kazama. T. MasumotoandM. MiteraJ Magn. Magn. MaL. 15,1331(1980) temperature and can be fractured easily.

Implantation causes blistering which may be
A6.24 exfoliated and flaked on further implantation.

CHARGE STATES OF HEAVY IONS IN A UNIFORM The SEM studies of' these cryof'ractured samples

ELECTRON GAS. A.M.Mazzone C.N.R-IstitutoLAMEL, have revealed evidences for the Brick Mortar

Via de' Castagnoli I - 40126 Bologna, Italy. structure of PET.

A6.27

In this work a new formalism is presented for the

evaluation of the effective charge of heavy ions with energy FORMATION OF METASTABLE SILICIDE PHASE UNDER THERMAL

of few MeV. ANNEALING AND BEAM IRREDIATION OF NI/SI THIN FILM

BILAYERS. Muhammad Z Numan and Lim poh Leng. Physics
Similarly to the theory ofGuinea, Flores and Echenique the Dept., !ndiana University of Pennsylvania, Indiana, PA 15705
effect of the electron gas on the bound states of the ion is
determined (i) by using a dielectric response in which free
electrons are described by orthogonalized plane waves
instead of plane waves and (ii) by including exchange and Evaporated Ni Films on amorphous Si layers, prepared both by
correlation effects between the orthogonalised plane waves electron beam deposition on and ion implantation of <100> Si,
and the bound states. The interaction between the electrons
in the bound states is determined by using a variational were subjected to vacuum annealing and ion beam irrediation.

procedure. The resulting planer silicide layer was characterized using

Rutherford backscattering and cross-sectional transmission
The stopping values corresponding to the this effective electron microscopy. The initial stage of nucleation and growth
charge are used in a Monte Carlo simulation to calculatethe ion range in silicon and gallium artenideo of the crystalline and amorphous silicide phases has been

studied to understand the role of impurities and processing

A6.25 variables. A phenomenological model is proposed to explain the

STUDY Or THE EVOLUTION OF THE BURIED b102 data.
LAYER FORMED BY MULTIPLE LOW DOSE OXYGEN

IMPLANTATION INTO SILICON*. F. Namavar and E. A6.28
Cortesi, Spire Corporation, Patriots Park,
Bedford, MA. lI(RtSIRN('I(IRAI 'IIARtA( lII.III.A ION )l II X It 'RF IN'II *NU;SlIIN III MS1. \AI)F IDY I(IN-ASSISIF1 I VAI'()RA'l IoN KRjn

We have shown in our previous work [1] that it Rnnwclacr Pol*%technic Institute, Iroy, NY, R A. Roy, R Petkie, and K. V.

is possible to form high quality, low defect Ramanalhan IBM Research )ivsmon, I. . Wavn Rcarth ('cnter. I' 0) Box

Separation by IMplantation of OXygen (SIMOX) 21R, Yorktown lights NY I0598,

material with a three step oxygen implantation
process (total dose of 1.1 x 1018 O+/cm

2
) . In In previous work ion-assisted deposition of Nb, Cr. anti W has been used o sVA-

order to optimize this process, we have carried icmatically control film stress by variation of depoxsition parameters such as ion

out an extensive study of the effect of flux, suhstrate temperature, and ion energy. Recently we established a general

parameters such as dose step, dose rate, correlation between film fiber texture and stress in W rilm evaporated with con-

implant angle, and annealing time and current inn bombardment. "e films were dexoited over a range of substrate

temperature, on the formation and quality of temperatures and subjected to varying degrees of ion ombardmcnt during growth.
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In this paper the results of transmission electron microscopy studies of these films A6. 31
are presented. The effects of features such as grain boundary structure on texture AES AND IR SPECTROSCOPIC STUDIES OF SOI
are presented. The possible role of dislocations and dislocation-grain boundary STRUCTURES FORMED BY ION IMPLANTATION. Yu
interactions on the texture-stress relationship is also explored. Results will be dis- Yuehui, Lin Chenglu and Zou Shichang, Ion Beam
cussed with respect to the dynamics of film growth during ion-assisted deposition. Laboratory, Shanghai Institute of Metallurgy,

Academia Sinica, Shanghai 200050, China; and
A6.29 P.L.F. Hemment, Department of Electronic &

Electrical Engineering, University of Surrey,
DEPOSITION OP THIN METALLIC FILMS BY HIGH POWER Guildford, Surrey GU 5HX, U.K.
ION BEAM TARGET EVAPORATION. A.N.Zakutaev ,
I.F.Isakov, G.E.Remnev , Nuclear Physics Institu- The chemical composition and structure of silicon
te, 634050 Tomak, P.0.Box 25, USSR. on insulator (SOI) formed by O+ (200KeV,

l.8x1019cm -2 ) or N+ (190KeV, l.exl0'8 /cm2) im-
The report deals with the results on production plantation into silicon have been investigated
of thin films produced by high power ion beam by AES, IR absorption and reflection spectros-
target evaporation.The beam has the following pa- copic measurements. For SO structures produced
rameters : 300 keV io energy, 50 no pulse dura- by O+ implantation and annealing at 13000 C for 5
tion, 100 to 200 A/cml current density on the hours, the characteristic Auger spectrum for the
target. The beam consists of protons and cabon interface between the top silicon layer and the
ions. In comparison with traditional vacuum eva- buried oxide layer identified a chemical state
poration techniques, the characteristic feature of silicon whose major transition at 85eV is
of employing those beams is high precipitation different from that of bulk silicon or silicon
rate, exceeding 1 cm/s which garantees produc- in Si0 2 . This chemical state was also observed
tion of dense and strong films. The transversal in the buried oxide layer and the ratio of the
cross-section of the beam incident on the target amplitude of the Si peak at 85eV to the Si peak
was 20 cmg , the substrate was positioned at a at 76eV remains unchanged in the buried oxide
shallow angle to the target plane, at 2 and more layer, and the component ratio of Si0 2 phase in
cm distance. The films of plumbum, iron, cadmiun the buried oxide layer was determined to be 0.8.
zinc and another materials were roduced both by For SOI structures pr duced by N+ implantation
one pulse and by several pulses t to 100 ) . In and annealing at 1200 C for 2 hours, a nitro-
target evaporation, a droplet fraction was obser- genen-riched layer was observed in the buried
ved. The Jilms showed a crystal structure with nitride layer. For both SOI structures, a
about 10 to 10 A crystallite dimensions strong asymmetry of the two main interfaces was
A correlation of metal non-annealed films with observed. By IR absorption analysis, the activa-
their growing rates was observed . The film pro- tion energy of transformation of buried oxide
file followed the relief of the substrate surf- layer into thermally oxidized SiO 2 was determined
ace in all the cases . to be 0.13eV.

A6.30 A6.32
COMPUTER SIMULATION OF ION BEAM ENHANCED FOHMATI0 (OF (iURII} ()XYN I TIll) I LAYFI l INTO SI LI CA
DEPOSITION OF TITANIUM NITRIDE FILMS. WANG Xi, GLASS JSING ION IFAM. Keiji Oyoshi, Takashi Tagami
ZHOU Jiankun, CHEN Youshan, LIU Xianghuai and and Shuhci Tanaka. Tsukuba lescarch Laboratory.
ZOU Shichang, Ion Beam Laboratory, Shanghai Nippon Sheet Glass Co., Ltd.. 5-4 iokodai,
Institute of Metallurgy, Academia Sinica, b i ap
Shanghai 200050, China ]sukuba City. lbaraki, SOO-26 Japan

A Monte-Carlo computer simulation has been per- The depth profile of additionally implanted
formed to describe at atomic level the growth nitrogen was not a Gausssian-like distribution
of titanium nitride films by ion beam enhanced but a trapezoidal one at the dose of N" ion, more
deposition (IBED). The simulation is based on than about 3Xl00bioins/c, ' (acceleration voltage,
the assumption of a random target, fixed free l50kV). The maximum concentration of nitrogenpath of moving particles and binary collisions.
An alternate process of deposition of titanium saturated at the ion dose. The concentration of
atoms and implantation of nitrogen ions is implanted nitrogen drastically decreased after
applied to replace the actual continuous and the annealing at 600r.
synchronous process of IBED. According to the
actual conditions, the adso.ption of nitrogen, In the case of silicon ion implantation before or
which has leaked out from the ion source, on after nitrogen ion implantation, the nitrogen
the fresh titanium film surface has been con- depth profile was a Gaussian-like one, and the
sioereo. In aodition, the change of the com-
position ana density profiles during film growth distribution of nitrogen did not change after the
has been taken into account. It is demonstrated annealing at 900r. The maximum nitrogen
that the width of the interface region between concentration was obtained in the case of nitrogen
substrate and film increases with the increasing implantation after silicon implantation.
of the atomic arrival ratio R of the implanted
nitrogen ions to deposited titanium atoms. When Moreover, bubbles appeared underneath the
the titanium deposition rate is low, the nitro- implanted surface at the condition of silicon to
gen concentration of the films is not too sen- 'it-ogen ion dose ratio 0.75, total dose
sitive to R, indicating that a considerable
contribution to the nitrogen concentration is 4X 1' ions/cm and acceleration voltages of
derived from the nitrogen gas leaked from the silicon and nitrogen 100 and 50kV.
ion source. The obtained composition profiles The bubble formation was suppressed by the
are in agreement with the experimental measure- nitrogen ion implantation of two depths deeper and
ments. shallower than the peak of silicon concentration.
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A6.33 going on in heavily doped Si during its inter-

EVALUATION OF COMPOSITIONAL CHANGE IN MASKLESSLY action with a metal film.
DEPOSITED LINES BY MICRO-RBS ANALYSIS. A.
Kinomura, Y. F. Lu, M. Takai and S. Namba, Osaka RBS, AES, x-ray diffraction and electrophysical

University, Faculty of Engineering Science and measurements of film resistance and thickness

Research Center for Extreme Materials, Toyonaka, were used to study the reaction of Co jilicide
Osaka 560, Japan; M. Satou and A. Chayahara, formation with Si, heavily doped by As implanta-

P Government Industrial Research Institute Osaka, tion (dose range 3 10ElS - 3 10E16 cm"2 ). The
Ikeda, Osaka 563, Japan. reaction was enhanced by extra implantations of

Oxygen contents in masklessly deposited tin oxide argon, oxygen and carbon in the dose range of

and silicon oxide lines were investigated by 10E14 - 1OE16 cm't with energies ensuring R,=

micro-RBS analysis using 1.5 MeV helium ion and 0.5 dt, ld and 1.5 d" ,, and also by rapid
proton microprobes. Since the micro-RBS analysis heating and annealing in diffusion furnace.
is free from the charge-up effect which is a
serious problem in case of an Auger electron It is shown that every dopant used enhance the
spectrometry, the micro-RBS is suitable for process of silicide formation on heavily doped
insulating materials. A spot size of the Si and the destabilisation of covalent bonds in
microprobe was 3 pm x 3 pm with a beam current of Si as the da bibtion ra e on in

100 pA. Si is the main contribution rather than inter-
mixing of metal-silicon layers.

The tin lines were masklessly deposited on GaAs by
an Ar + laser irradiation in an SnCl 4 atmosphere. A6.36
Much oxygen content introduced from residual gas
were found in the deposited lines. While Sn and TITANIUM SILICIDE FORMATION ON MONO- AND POLY-
SnO are electrically conductive, SnO is an CRYSTALLINE Si ENHANCED BY ARGON IMPLANTATION.
insu~Lator. It is important to control the oxygen V.V. Tokarev, A.I. Demchenko, U.Ch. Dulinets,
contents to obtain conductive lines. Institute of Solid State and Semiconductor

The tin line deposited with a laser power of 350 Physics, the BSSR Academy of Sciences, P,Brovka
mW was analyzed by the 1.5 MeV helium ion str. 17, Minsk, USSR, 220726.
microprobe. Variation of the micro-RBS spectra
due to the compositional change was observed Titanium silicide synthesis is a complex process,
when the microprobe was scanned across the it is given much prominence in the production of
deposited line. Stoichiometric Sn0 2 was found at IC. This paper gives the analysis of Ti silicide
the center of the deposited line. synthesis on mono- and polycrystalline Si, en-

hanced by argon implantation.

A6.34 Electrophysical and analytical measurements

DEPENDENCE CF CONMPGSITION AND SIRUCTURE OF made it possible to determine silicide film re-
ION-ASSISTED BORON NITRIDE THIN FILMS ON PROCESS sistance and thickness, silicide phase, grain
PARAMETERS.* I.G. Tetreault, J.K. Hirvonen, and
G.R. Parker, Spire Corporation, Bedtord, MA; P. Kullen and size, the structure and distribution of elements
T. &:cDevitt, &iellon Institute, Pittsburgh, PA; J.P. Hirvonen, on silicide synthesis during solid phase reaction

Los Alamos National Laboratory, Los Alamos, NM. of mono- and polycrystalline silicon with 60 nm
silicide film, implanted with aigon ions to a

Thin films of ExN(I.x) have been deposited on a variety of dose range of 10El4 - IOE17 cm" (energy range

substrates by the method of ion beam assisted deposition 30-200 keV) and heat treated in a diffusion fur-
(IBAD). The process involves electron-beam evaporation of
boron with simultaneous bombardment by a low-energy (< 2keV) nace at 650 C and 850 C.
non-mass analyzed nitrogen ion beam from a Kaufman-type ion The investigations showed accelerated due to the
source. The effect of process parameters, such as ion energy,
ion/evaporant flux ratio, and substrate temperature, on the implantation growth of silicide layers. This is

resulting film's stoichiometry and crystal structure is presented. caused by two processes: by intermixing metal

X-ray diffraction, transmission electron microscopy, and Raman atoms with Si atoms and by uniform dopant dist-
spectroscopy are used to investigate film microstructure while ribution in the mixed volume. There is presented

stoichiometric determination is provided by nuclear reaction a model of silicide synthesis, which also ac-
resonance analysis. Other film characteristics which are
reported include microhardness, friction and wear behavior, and counts for additive inclusion of Me-Si in the
optical properties. system.

* - this work sponsored in part by Department of Energy SBIR A6.37
contract DE-AC02-87ERg049. ION BEAM MIXING OF LANTHANUM OXIDES AND COPPER MULTILAYERS. J.P.

Mathevet and A. Traverse, Centre de Spectrom6trie Nucldaire et de
A6.35 Spectrom~trie de Masse. B~t 108, 91405 Campus Orsay, France

COBALT SILICIDE FORMATION ON Si SUBSTRATE

HEAVILY DOPED WITH ARSENIC IONS. V.V. Tokarev , The role of the energy deposition process (electronic versus

Institute of Solid State and Semiconductor nuclear), of the nature of created defects on ion beam mixing

Physics, the BSSR Academy of Sciences, P.Brovka mechanisms of metallic and oxide layers are not yet well

str. 17, Minsk, USSR, 220726. understood.
As lanthanum, copper and oxygen are components of high

Silicide films are gaining greater significance transition temperature superconductors, we have chosen to study

in the production of miniature devices. However their behavior under ion beam mixing. The effects of the initial
silicide synthesis on heavily doped Si films is oxygen content, the irradiation temperature and the density of
amatteo somthesis dheite dfcl wic fildeposited energy on the final composition and structure of the
matter of some definite difficulty which mixed layers are analysed. The possibility for preparing high Tc

often can not be solved by traditional methods. superconductors by this technique is discussed.
The paper presented considers the processes
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FA6.38 that of pure iron. All1 that has been mentioned aboyve
ION BEAM MIXING OF METALLIC MULTILAYERS. Agnes Traverse, Centre ensrtdtath 'ultetmt'rirscoo-
de Spectromdtrie Nucldajre et de Spectromittrie de Masse. Bit. ion resstivi.ty to the specimewn which is far superior
108, 91406 Campus Orsay. Fance to those treated by other 'simiple' treatments.

A6.*41
Experimental diffusion coefficients have been measured on

metallic layered samples submitted to ion irradiation at low INVESTIGATION OF OXIDE/METAL MULTILAYERS FOR SOFT
temperature, in different density of deposited energy regimes. X-RAY OPT ICS FABR ICATED BY ION BEAM SPUTTERING.
The irradiated layers are chosen with enthalpy of mixing passing I. Kataoka,K .1to,T Yanami au ,K.Etoh,N.Hoshl,
from positive to negative values :Ni/Pt, Ni/Pd, Ni/Au and Ni/Ag. l.YamadaJapan Aviation Electronics lndustry,Ltd.
A model for linear effects is presented through an analysis of 1l1,Musashino 3-chome'Akishims-shi,Tokyo.196 Japan
the experimental results in terms of ballistic and chemical
mechanisms. Recently a number of studies of soft X-ray have

been made. We are also investigating aulti layers
A6 .39 for these types of optics and have shown that high

reflectivity can be obtained by using oxides or
EFFECT OFIMPLANTATION CONDITIONS ON THE MICROSTRUCTURE OF hydrides for space layers In the wavelength region
HIGH-DOSE OXYGEN IMPLANTED SILICON.ON-INSULATOR MATERIAL. from 2.33 no to 4.4 no because of these small ab-
S_.Yi-4imrakldt.B.F. Cordts2, and S. Krause.'IDepantment of Chemical. Bic and sorption coefficients.

b Materials Engineering, Arizona State University, Tempe, AZ.; 21bis Technology
Corpoiation. Danves,MA. However,practically fabricated multillayers don't

show such high reflectlvitles expected by calcula-High-dose oxygen impanton insilicon. SMOX (separation by implantation of tion because of the roughness of interfaces and
gxygen). is a promising technique for producing silicon-on-insulator material. Most surfaces of mu It iIayer.
studies have examnined SIMOX prepared with a traditional (lower current, lower
temperature) implanter, which has beam current densities from 15-ISO 1hA/cm 2. Then, in this Paper, we pay attention mainly to
Recently, ahigh-current implanter with adensity oflImA/cn 2 has been developed for the Problem of morphology Of Si0 2 /Ni and B2 03/Ni
commercial SIMOX fabrication. This machine shortensthe implantation time and multi layers fabricated by dual ion beam sputter-
produces structural features not routinely observed in samples from traditional implanters. ing.
We have investigated SIMOX implanted at high-curreni, densities and are reporting the
effectsof implantation dow, temperature. and beam current density on the sructusing In the depositing Processoxygen Ions and argon
conventional and high resolution electron microscopy. Ions were suppliled during the deposition of oxides

Most smples were implanted to adose of 1.8 x 1 1 cnr2.at 60*. at 200 keV, and and Ni respectively as a Parameter of fabrication.
with the beamicurent density of ImAcm2.Tegeneral srucureof iditionalad high We discuss the relation between conditions to
curremtsamples ithe samewitha 0.3 tnttop Si layer, a OAinburied oxide layer. and deposit multilayers and their Properties which are
damage zone below the buried oxide layer. However th top Si layer of the higher cient evaluated by using a radial distribution analysis
samples has "itsaof bubbles at the surface with no defects, and AWg.1 Itmu111116Y system of RHEED Pattern, an STM and X-ray
Lauddefects extending outward fromthe buried oxide interface n the top Si layer of diffract-mete' r. Furthermore the reflectivity of
traditional lower-current samples. thereawe shott. 20rn.defects hroughout the lyer and multilayers was evaluated by X-ray reflectivity
no bubbles are preent. Annealing higher-current samples at 1300C for 6 hours results motor.
in SIMOX with defect density of only 1()5 cm-2 which is four orders less than the
tradnional samples. Thi s tmbuted to ie absenceofdefetsat thesurfac ntinwer A6. 42
-,vnpkLe This effect will be disicussed further.

MOLECULAR DYNAMICS SIMULATIONS OF IONIZED CLUSTER BEAMWh~en dose was varied from 0.3 to 1.8 x 1018 cm-2 in high cwrrent implanted samls,S DEPOSITION. Harmgming HOah and R. S. Averbacc, Department of
the structure of the top Si layer remained similar with bubbles and long multiple defectsa
present for all doses. When beam current density was varied from I mA/cm2 to 10 Materials Scince and Enoineering, University of Iflinols, Urbana, IL
mA/cm2 no sicant structural charges occurred. Wh teprtr was vaidfo 61801; and R. Bensdek, Argonne National Laboratory, Argonne, IL
550 to 700*C. a lairge increase in final defect density occurred for samples implanted at 60480.
5500C. The effects of these implantation conditions on defect evolution will be discussed
furthe. AlthouIh Ionized Cluster beam deposition appears to be a promising

metho for thin film deposition, the physical processe of an energetic
A6.40 cluster containing tens to hundreds of atoms impinging on a surface arenot understood. We have found that molecular dynamics simulation Is a
THE CORROSION RESISTIVITY OF CM-T COATINGS MADE BY pwrful technitque for attacking such highly non-homogeneous many-
ION BEAM TREATI.EN. TinWi Author. and Cai Wen- boyproblems. In this Investigation we have simulated the Impinement
ping. Wuhan 'ron and Steel University, Wuhan, China. of a duser Containing 100 atoms on a -0 00p, surface, of a foo Crystal

A cemetcoatng as btaied n a ilion-using Lannard Jones potential and copper potential from the embedded
A cemetcoatng as btaied n a ilion-atom method. The Clusters with varying energies end wit both the sam

deposited pure iron surface by means of a single tre- and different lattice parameters than the substrate ame studied. The
atmnt integrating ion implantat ion and ion beam mix- imulations provide Microscopic Information about spreading of the
ing. AS Compared with either simple ion implantation cluster over the surface. epltailaf relationships, defect production, and
or simple ion beamirm~xing, the integrated treatment atftic mlxng between tIe cluster and the sutate.
provides the cerrnet coating with an electrochemical_________________________
performance far better than the simple treatmtn's. Work supported by te U.S. Deparmerit of 11niegy, Omit Energy
Data as observed in the author's experimentation shoew Sclences.
that the integrated or, the 'dual treatment' exhibits
the highest corrosion resistivity in aqueous solutions. A7.* 1
In neutral aqueous solution, the specimen which has
acquired its resistivity from the 'dual treatment' ex- ION BEAM MODIFICATION OF HIGH T, SUPERCONDUCTORS.
hibits both a lower vassivating current density IC 0.; Meyer, J. Geerk, G. Linker, B. Strehlau, XX Xi,?Md a lower pass ivity-holding current density 1nm than Grnftorschungszentrumn Karlsruhe, INFP, P.O. Box 3640, D-7500
that of pure iron by mrore than tuo orders of magnitude; Karlsruhe, FRG
arnd the former shows a coirrosive current density lower
than that of simple Ion beum mixed specimen by 8/9 with Ion irradiation and implantation experiments of high
Im and Ic lower by two orders of magnitude. Repeated temperature superconductors (IITSC) thin films resulted invoi trretric graph shoi:s its Ic to remain lower than many interesting effects. Among those are:-
that of pure iron after 13 sweeps, its Im being 1/4 of (i) the supaerlinear increase of the resistivity, p. with ion filonce,

4), leading to a metal to insulator transformatiun,

L 

31



(ii) the large recovery below room temperature of the beam mixing at 400 C, using 400 key 0 ions was
radiation induced increase of p (about 60%) as well as the done at the interface of the two films (the
recovery of the decrease of the transition temperature, Tc, and second one being not annealed). After the
(iii) the large structural changes such as the increase of the c- 850 C post anneal, the film displayed an
axis lattice parameter with 4), the radiation induced improved To at 90K. Moreover, epitaxy was shown
orthorhombic to tetragonal phase transition, and the to take place from the interface SrTiO3 -123 film
amorphization. towards the surface and was dependent on the

dose. These results will be discussed from the
The Tc-depression rate and the change of the critical current data obtained from high energy backacattering
depend on the initial state of the sample characterized by p, Tc, spectroscopy combined with channeling
the residual resitivity ratio r(pRT/p O0K) and the grain boundary experiments, x-ray diffraction and scanning
density. In order to separate the influence of percolation electron microscopy observations.
effects from intrinsic effects of the superconductor, high
quality single crystalline films have been used in irradiation A7.4
experiments. Displaced oxygen atoms play an important role
for the observed property changes. INTERACTION BETWEEN IMPLANTED IONS AND INTRINSIC

DEFECTS IN SILICA. R. H Magruder. Belmont College. Nashville,
The ion induced metal to insulator transition is applied for ion TN; R. A. Weeks, Vanderbilt University, Nashville, TN; R. Zuhr,
beam patterning to fabricate narrow bridges and SQUID's. Low Oak Ridge Laboratory, Oak Ridge, TN.
dose irradiation was used to improve the sensitivity of theSQUID's The effectivity of defects as flux pinning centers to High purity silica (Spectrosil) samples were implanted with Ti. .
enhance The rictilvcurrnty in maetic fild pi g cu sCr, Mn, Fe and Cu at doses ranging from I x 1015 ions/cm2 to 5 x 10l5enhance the critical current in magnetic field is discussed, ions/cm 2 at 160 KeV and approximately 2.6pA/cm2 . Backscattering

measurements determined the concentration of implanted ions as a
A7.2 function of dose and depth. The optical absorption extinction

coefficient per ion was measured from 1.8 to 6.0 eV. In all
STRUCTURE OF AMORPHOUS A1 203 PRODUCED BY ION IMPLANTATION*. implanted samples there was an increase in absorption over
C. J. McHargue, P. S. Sklad, P. Angeliln, C. W. White, and unimplanted samples at energies > 4.6 eV. By visual inspection a
JC.iMcCallum, Oak Ridge National Laboratory, peak in the absorption was observed at - 5 eV for all samples and in
P.O. Box 2008, Oak Ridge, TN 37831-6118. the spectra of Mn samples at 5.8 eV. The increase in extinction

coefficient per ion over an-unimplanted sample was ion specific

The amorphous state can be produced in o-Al0, (sapphire) by with the absorption of Cu implanted samples showing the least
change and the largest increase in Cr implanted samples. We

ion beam induced displacements at 77 K or by displacements attribute the absorption at 5.0 eV to an E" center (B2 center).
combined with chemical effects at room temperature. The source of absorption at energies > 5.0 eV is due to several
Progress toward understanding the amorphorization process sources, one of which is E' absorption at 5.8 eV. At - 6 eV the
has been made from studies of short-range order, electronic first derivative, dEC/dE, where EC is the extinction coefficient
charge on implanted species, and the critical concentration and E is the photon energy, shows that the slope is positive in the

for amorphization at 300 K. absorptivities of all samples with the exception of those
implanted with Mn and Cu. This positive slope indicates

Analysis of the fine structure of EELS spectra shows the Al-O absorption due to bands with peaks at energies > 6.0 eV.

first nearest-neighbor distances to be different for As the absorption throughout the spectral range measured is ion
amorphous A1303 produced by implantation of iron and that specific, we attribute the different optical properties to

differences in the interaction of the implanted ion with intrinsic
produced by implantation of aluminum plus oxygen in the defect centers such as E" and E' centers and to interactions with
stoichiomnetric ratio at 77 K. Conversion electron Mssbauer defects with energies greater than 6 eV.
spectroscopy has yielded information on the distribution of
implanted iron and tin among various charge states This research was supported in part by NSF Contract aDMR-513731
(valences) and the syrnetry of their surroundings. and in part by the Division of Materials Sciences. US DOE under

Analytical electron microscopy indicates the amorphous state contract ODE-AC05-840R-21400 with Martin Marietta Energy

to be produced at a critical concentration of zirconium Systems, Inc.
implanted at 300 K.

A7.5
*Research sponsored by the Division of Materials Sciences,
U.S. Department of Energy, under contract DE-ACO5-840R21400 REFRACTIVE INDEX PROFILES OF HIGH DOSE Ti
with the Martin Marietta Energy Systems, Inc. IMPLAN!",u OPTICAL WAVEGUIDES IN LiNbO

T. Bremer, FB. Physik, UniversitAt, D-4580
Osnabrijck; and Ch. Buchal, R. Irmscher, Inst.

A7. 3 Schicht- und lonentechnik, KFA, D-5170 JUlich,

INFLUENCE OF ION BEAM MIXING ON THE GROWTH OF W Germany

HIGH TEMPERATURE OXIDE SUPERCONDUCTING THIN Single crystalline y-cut substrates of LiNbO
FILM. N. Bordes, A. D. RolleL, M. Cohen, M. have been implanted with 48Ti ions at 200 keV anA
Nastas; Los Alamos National Laboratory, Los doses up to 4 x 1017 cm- 2 . The implants have been
Alamos, NM 87545. performed at wafer temperatures of 77 K, 300 K

and 620 K. Immediate subsequent processing at

1273 K in wet oxygen ambient led to good
The superconducting properties of high epitaxial regrowth at all doses, if sufficient
temperature superconductor thin films are time was allowed. Channeling and mode
dependent on the quality of the substrate used spectroscopy Iave been applied to monitor the
to grow these films. In order to minimize the regrowth process. Refractive index profiles have
lattice matching between the superconducting been calculated with an inverse WKB algorithm
film and the substrate, we have used a from measured dark line spectra. The maximum
YBa2 Cu.O 7 thin film deposited on (100) SrTiO 3 as observed extraordinary refractive index change
a template. The first film was prepared by co- after regrowth is An = 0.04, indicating a
evaporation of Y, BaF2 and Cu on (100) SrTi0 3, solubility limit of 3.3 x 102 Ti cm- 3
followed by an anneal in "wet" oxygen at 850C. corresponding to 18 % of Nb5+ replaced by Ti 4+ .

This film showed a sharp transition at about Even at the highest dose, some influence of
90K. A thicker layer of about 3000 A was then dynamical annealing during implantation at 620 K
deposited on top of this first 2000 A film, is observed, leading to reduced post-implantation
using the same procedure. After the post anneal processing times.
at 850 C, the transition took place at 77K and
no epitaxy of the second film was observed. Ion
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A7.6 crystal Y2 0 3 stabilized cubic ZrO2 . Ions were implanted up to fluences of
OPTICAL WAVEGUIDE FABRICATION BY STOICHIOMETRIC 3x10 17 ions/cm 2. Comparison of the Knoop microhardness values of ZrO2
IMPLANTATION OF Ti AND 0 INTO LiNbOs,. D. B. Poker, Solid implanted with various species over a range of fluences showed that the
State Division, Oak Ridge National Laboratory,* Oak Ridge, TN principle variable causing hardness changes for inert ion implantation is

damage energy and not the ion fluence nor the ion species. For shallow inert37831-6057; and W. Xia, Department of Electrical and Computer ion implants, the hardness versus damage energy gives a unified plot.
Engineering, University of California, San Diego, La Jolla, CA 92093- Hardnesses rise with increasing deposited damage energy to a value 15%
0407. higher than that of unimplanted zirconia. With additional damage the

hardness drops to a value 15% lower than that of the unimplanted zirconia.
X-cut substrates of LiNbOs have been implanted at 5000 C with Ti Deep implants showed similar behavior but with the hardness increasing
and 0 to doses of 2.5 and 7.5xI0' 7 ions/cm 2, respectively. The 50% over that of the unimplanted samples.
high substrate temperature during implantation ensures dynamic Friction and wear measurements of the shallow implants in a pin-on-disk
recrystallization, preserving the crystallinity of the LiNbOs. The assembly showed very different behavior for high dose versus unimplanted
stability of the stoichiometric implants is enhanced sufficiently that ZrO.. The unimplanted samples showed debris with an associated rise in
annealing at 1000oC proceeds with no surface degradation of the friction. The implanted system showed much less debris and a constant
substrate. Annealing under identical conditions without the 0 value of friction even after 10,000 cycles.

implant usually results in phase separation of a Ti or Li oxide at
the surface, even when annealing is performed immediately following A7.9
implantation. Samples implanted with Ti and 0 to preserve the THE FORMATION OF A SOLID LUBRICANT BORON NITRIDE IN B4 C BY
stoichiometric metal:oxygen ratio of the substrate can be stored ION IMPLANTATION AND LASER ANNEALING. Robert R. Reeber,
at room temperature for several months without phase separation. Ning Yu, Dept. of Physics & Astronomy, U. of North Carolina,
Planar optical waveguides have been produced by stoichiometric Chapel Hill, NC 27599-3255; Wei-Kan Chu, Texas Center for

Superconductivity and Dept. of Physics, U. of Houston,implantation followed by annealing in water-saturated oxygen for Houston, TX 77204-5506; and Robert P. Kusy, Dental Research
one hour at temperatures of 900 and 1000°C. The sample annealed Center, U. of North Carolina, Chapel Hill, NC 27599-7455.
at 900°C supported a single lossy mode, while the 1000°C sample
supported two propagating modes and one lossy mode at 0.6 Am. A boron nitride (lubricant) thin layer (about 750 A) has

been formed at the surface of a B4C substrate by imfpanting
nitrogen ions at 100 keV with a total dose of 4x10" N/cm'

Operated by Martin Marietta Energy Systems, Inc. under contract DE- followed by XeCl laser annealing. The composition and the
ACOS-84OR21400 for the U.S. Department of Energy. profile of the carbon, boron and implanted nitrogen, in the

sample at various stages of our experiments were determined
by Rutherford Backscattering (RBS). During XeCl laser

A7.7 annealing the deeply implanted nitrogen atoms diffuseo back
to the surface and piled up there with about 502 of them

MODIFICATION OF THE WEAR PROPERTIES OF DIAMOND lost from the surface. XPS measurements, combined with Ar
USING ION BEAM IRRADIATION. Gregory C. Anderson sputtering, showed that a large amount of boron nitride
and Steven Prawer, Dept of Applied (more than 70% of the remaining nitrogen) formed near the
Physics/Microelectronics and Materials surface region after laser annealing.
Technology Centre, Royal Melbourne Institute of
Technology, G.P.O Box 2476V, Melbourne. Victoria A7.10
3001, AUSTRALIA.

CRYSTALLIZATION OF INTRINSIC AMORPHOUS LAYERSRecent reports have suggested that ion PRODUCED BY STOICHIOMETRIC IMPLANTATION OF Al
implantation of diamond may significantly AND 0 IONS IN a-AXIS ORIENTED A120 3 SINGLE
enhance its wear resistance. In an attempt to CRYSTALS. W. Zhou, D.X. Cao amd D.K. Sood,
reproduce and extend these resul s natural Microelectronics and Materials Technology Centre, Royal
diamond held at high temperature (8OO C)has been Melbourne Institute of Technology, 124 La Trobe Street,
subjected to implantation with various ion Melbourne, Victoria, 3000, Australia.
species. Scratch and indentation tests showed
that the surface of diamond can indeed be Damage free a-axis oriented single crystals of o-A120 3 were
toughened by ion beam irradiation. implanted at liquid nitrogen temperature with a stoichiometric

implant (two parts Al to three parts oxygen with ion energiesChanges in the surface wear characteristics of adjusted to give the same projected range), to produce an
the diamond have been determined using a 'Gatan' intrinsic amorphous phase (free of any impurities) of A1 20 3 .
dimple grinder. Interferometric analysis of the Implant conditions, identical to those employed by White et al
dimples in the diamond has enabled the [I, were used: Al ions at 90 keV to a dose of 4 x 1016 Al
determination of the volume of diamond removed ions/cm 2, and 0 ions at 55 keV to a dose of 6 x 1016 0 ions/cm 2

during grinding. Since it is possible to produce to produce an amorphous layer approximately I30nm thick.
very shallow dimples, this method is much more Isothermal annealing was conducted at temperatures of 600, 700,
sensitive to the ion beam modified surface than 800 and 9000C for up to 24 hours in flowing high purity dry argon
indentation or scratch testing. gas. Rutherford backscattering and channeling (RBS-C) and

reflection high energy electron diffraction (RHEED) have beenMicrostructural analytical techniques (RBS, employed to investigate the crystallization behaviour.
RHEED and Raman Spectroscopy) have shown that
even after high dose implantation the diamond is flie amorphous phast transforms directly to a-A120 3 at a well
still single crystalline and has not undergone defined planar interface which moves towards the free surface.
polycrystallisation, graphitisation or The interface velocity shows an Arrhenius behaviour with anneal
amorphisation due to the ion irradiation. temperature. An activation energy of about 0.7 eV has been

determined. These results are remarkably different from those
A7.8 reported previously (1] for c--axis oriented A12 03 substrates.

Substrate orientation will be shown to play a dominant role inTHE EFFECT OF ION INDUCED DAMAGE ON THE MECHANICAL deciding the mode of crystallization as well as the kinetics of
PROPERTIES OF ZIRCONIA. E, T. L. Alford, P. transformation.
Borgesen, P. Revesz, J. W. Mayer, Materials Science and Engineering,
Cornell University, Ithaca, NY; W. Hert, Coming Inc.. Coming, NY. (11 C.W. White et al, Mat. Res. Soc, Symp. Proc. f, 337 (1986).

Microhardness measurements were carried out on ion implanted single
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AS.1 layer is shown to occur by a layer-by-layer mechanism with relatively sharp
AMORPHOUS TO CRYSTALLINE PHASE TRANSFOILMATIONS interfacial transition regions. A wide region ahead of the buried amorphous

IN HIGH DOSE ION IMPLANTED SILICON region extending to the surface is observed to be free of any extended
defects. Recrystallization of the damaged region during thermal annealing
occurs by solid-phase epitaxial growth at both interfaces. Results ofR.P. Thornton1, R.G. Ellimanl , Y.H. Li i , A.P. Pogany ! ,  irradiation at liquid nitrogen temperature, on the other hand, show that

E. Nygren 2 VWd jS.1Wjjjj .3  nucleation and growth of the amorphous damage occurs over a wide region
and is not confined to the interfacial region. This results in a very diffuse1. Microelectronics and Materials Technology Centre, upper interface composed of a mixture of amorphous and crystalline phases.

RMIT, Melbourne, 3000, Australia Substantial reordering is observed in this mixed-phase region at tempera-

2. Merials Science and Engineerg, Ohio Suite tures well below those required for annealing of continuous amorphous
University, Columbus, Ohio, 432[10, USA layers. Cross-sectional transmission electron microscopy, as well asRutherford backscattering spectroscopy were used in this study. Damage

3. Electronic Materials Engineering, RSPhysS, ANU, nucleation/growth mechanisms at the two temperatures responsible for the
Canberra, 2600, Australia different damage morphologies are discussed. The detailed microstructureof the damage is presented, and is related to its annealing behavior.

The annealing of ion implanted amorphous silicon can result in varied and

complex crystallizaion be.avw when the cocentrationof the impaned *Research sponsored by the Division of Materials Sciences, U.S.
species exceeds the equilibrium solid solubility limit in the crystalline Department of Energy under contract DE-AC05-84OR21400 with Martin
silicon phast. In this paper, we present and compam the crystallisation Marietta Energy Systems, Inc.
behaviour for a number of implanted low melting point group l, IV and
V Impurities in silicon. A melt-mediaed transformation from ano'Phou A
to fine fpan polycrystalline silicon is observed in preference to eptaxi AS.4
crystallsation when the impurity concentration is high and the annealing GETTERING OF CU AT BURIED DAMAGE LAYERS MADE BY
temperature exceeds that of the elemental malting point of the implanted SI SELF IMPLANTATION J.R. JLjfing, R.J. Schreutelkamp, W.X.
Species. At lower concentrations, competitaio betwee rtarded iSbal Lu and F.W. Saris, FOM Institute for Atomic and Molecular Physics,
growth and polycrystalline formation takes place. For high dose Sb, a Kcuislaam 407, 1098 SJ Amsterdam, The Netherlands
solid phase amorphous to polycrystalline transformation occurs. The
activation kinetics of all of these processes have been measured and data
indicates that impurity diffusivity and solubility in amorphous silicon Channeled implants have been performed with 100keV 2 8 Si+ into p-
strongly determine the nature and kinetics of both epitaxy and nucleation type Si(100) to obtain a buried amorphous layer with a thickness of
and growth of polycrysialline silicon during annealing of high dose 1400A underneath a crystalline toplayer of 600A . Full
U~ip ted silicon. recrystallization of this buried amorphous layer leads to a sharp

buried interface at the depth where the two moving
AS,. 2 amorphous/crystalline interfaces meet.We have studied the gettering
STRESS AND PLASTIC FLOW IN SILICON DURING of Cu ion:s before and after recrystallization of the buried amorphous
AMORPHIZATION BY ION-BOMBARDMENT. C. A. Volkert, layer as a function of temperature and time.
AT&T Bell Laboratories, Murray Hill, NJ. The Cu was implanted at an energy of 15 keV at a dose ranging from
The stress in silicon wafers during ion-bombardment was determined 5E13 to 1El5 /cm2 to obtain a high concentration of Cu in the near
by wafer curvature measurements using an in-situ laser-scanning surface region. After the Cu implant annealings were performed at
technique. Measurements were made as a function of ion species 490, 600 and 900'C for 10 min. to 18 hrs. Cu profiles before and
(noble gases and Si), energy (1-3 MeV), fluence, flux, and sample after annealing were studied with Rutherford Backscattering
temperature (100400K). In a typical experiment, compressive stress Spectrometry and channeling analysis.
was built-up in the bombarded region as a function of fluence, until
a maximum was reached at approximately the dose required for the It is shown that, in case the Cu is implanted after recrystallization of
formation of a continuous buried amorphous layer. The magnitude the buried amorphous layer, the Cu will getter at the sharp buried
of this maximum compressive stress (20-100 MPa) depended interface. In case the Cu is implanted before recrystallization, the Cu
strongly on the flux. During further amorphization by continued will diffuse from the surface towards the substrate regions and is
bombardment, the stress decreased and eventually stabilized. If ion trapped inside the recrystallization buried amorphous layer. Full
bombardment was interrupted during amorphization, a stress increase recrystallization leads to a broader buried interface with a higher
was observed over a period of several minutes; the magnitude of this amount of gettering of Cu ions.
change increased with the amount of damage in the silicon.

These changes in stress are interpreted in terms of ion beam induced AS. 5
defect creation and motion. The initial build-up of compressive ANNEALING TEMPERATURE DEPENDENCE OF THE ELECTRICAL ACTIVITY
stress is due to expansion of the bombarded region by the creation OF HIGH-DOSE Sb ION IMPLANTS IN (100) SILICON. S.N. KUMNAR,
of defects and amorphous material. The subsequent relaxation is G. CHAUSSENY, A. LAUGIER, Laborotoire do Physique de Ia
attributed to plastic flow under the ion beam. The stress increase Matibre, CNRS-358, I.N.S.A. Lyon, 69621 Villurbanne; and

N. CHARBONNIER, M. ROMAND, Labortoire do Chimie Appliqu6e,that occurs when ion-bombardment is interrupted, may be due to CNR-417 and B. CANUT, Laboratoire de Physique des Mat6r-
redistribution of defects. iaux,Universit6 Claude Bernard, 69622 Villeurbanne, France.

AS.3 The systematics of electrical activation by rapid thermal
annealing (RTA) of the 40-120 keY Sb+ implants in (100) B-STRUCTURAL CHARACTERIZATION OF DAMAGE IN doped silicon is eportid. A aeries of Sb + implants (from

Si(100) PRODUCED BY MeV Si+-ION IMPLANTATION AND 2x104 to 1.2xllo / cm ) were rapidly annealed for 10 a
ANNEALING.* M. I-h, 0. W. Holland, C. W. White, and over a range of temperature, from 500 to 1100 OC, to study
S. J. Pennycook, Oak Ridge National Laboratory, Oak Ridge, TN 37831. the implant behavior as a function of anneal temperature.

The RBS and channeling data showed that, irrespective of
Differences in the damage produced by implantation of MeV Si + ions in the ion dome, the maximum fraction of Sb that can be subs-
silicon single crystals at room temperature and liquid nitrogen temperature titutionally incorporated was achieved for RTA at 700 "C.
am discussed. Damage morphology is characterized structurally both in the The compositional depth profiles were obtained from XPS
as-implanted condition and after post-implantation furnace annealing. and SINS analysis, and additional information about the
During room temperature irradiation, a buried amorphous layer is formed chemical bonding between the Si, Sb and 0 atoms in the
near the end-of-range of the ions at moderate doses. The growth of this surface region was extracted from the angle-resolved X-ray
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photoelectron spectroscopy (ARXPS) data. were not significant. The rate fell as the initial
grain size was decreased, being -20 times slower for

Significant differences in the surface region composition 100 grains at 620*C. All the polysilicon specimens
between the Sb implants and the previously reported As showed much slower regrowth in the final stages. XTZJ
implants 1  are observed. The Sb 3d,/ 2 line shape was well revealed that regrowth is non-planar, and that the lower
defined and line widths considerably smaller for the 7000C rates are related to SPE from non-(100) oriented
anneal when compared with those for the higher temperature regions, either grains or twins. Quantitative data will
anneals. The RBS, SINS and ARXPS compositional data will be presented for both silicon and arsenic implants.
be compared with the electrical characteristics of the MOS (1) A.G.O'Neill, C.Hill, J.King, C.Please,
structures built on these samples. J. Appl. Phys. 64(1) 167 (1988)

(1) S.N. Kumar, G. Chaussemy, B. Canut and A. Laugier,
Appl. Phys. Lett. 53, 2167 (1988); Appl. Surf. Sc. 36 AS.8
545 (1989); S.N. Kumar, G. Chauseemy, P.Roura and
A. Laugier, MRS Proc. 138 (1989). COMPARISON OF THE EFFECTS OF N-TYPE AND P-TYPE

HYDROGENIC IMPURITY CONCENTRATIONS ON THE SOLID
AS.6 PHASE EPITAXIAL GROWTH OF AMORPHOUS SILICON. Young-Jin

Jeon, Center for Materials Science and Engineering; Won-Woo Park, Dept.

ANNEALING BEHAVIOUR OF BURIED AMORPHOUS LAYERS of Electrical and Computer Engineering; M. F. Becker, Dept. of Electrical
and Computer Engineering; and R. M. Walser. Dept. of Electrical and

FORMED BY MEV I SIN+ IMPLANTATION IN SI(100); R.L Computer Engineering, The University of Texas, Austin, TX. 78712.
Schrutelkamn, i.R. Lieftingl, WX. Lu. 2 , B.X. Zhang2 , Z.L. Wang2  The solid phase epitaxial growth (SPEG) rates of self-ion amorphized layers
and F.W. Saris1 ; I-FOM Institute for Atomic and Molecular Physics, in silicon wafers with <100> substrate orientation were measured previously

Kruislaan 407, 1098 SJ Amsterdam, The Netherlands;2-Beijing Normal by in situ, high precision, isothermal cw laser interferometry for
temperatures from 450"C to 590"C, and concentrations in the range 5x101s

University, Beijing 100875, P.R. China cm-3 <N<3-4xl0 20 cm-3 for boron, phosphorous, and arsenic impurities.

We have studied the annealing behaviour of buried amorphous layers At low impurity concentrations (N<4x1019 cm3), the SPEG rate increased
linearly with impurity concentration and satisfied the equation; VNiI +N/N i

formed by MeV ion implantation. In high (MeV) energy ion implantation a where N=B, P, or As concentrations, Vi(T) is the intrinsic growth rate and

buried amorphous layer may be formed in silicon for a dose as low as Ni(T) is a temperature dependent quantity obtained from an activation plot of
the intersections of the regrowth data with the concentration axis. To within

1014 /cm 2 . In general, a complex dislocation network is created when the experimental error, the activation energies and pre-exponential terms of the
buried amorphous layer is annealed. Such a defect layer seems to have a Ni's for the three impurities were found to be identical. This clearly supports

the view that impurity enhanced SPEG is a purely electronic effect.
remarkably high thermal stability. The formation of a highly defected region Surprisingly, this result also indicates that one-electron and one-hole effects

close to the dopant profile may severely limit the formation of high quality on SPEG ar ,iot distinguishable for low values of N.

heavily doped n+ or p+ layers in silicon. The SPEG rate varied quadratically with higher concentrations of (4x1019

In this paper we investigate the role of the dopant species on the formation cm-3<N< -5x10 2 0 cm-3) of the three impurities. The curvatures of the (VNi)
vs (N/Ni) curves were also nearly the same, but that obtained for the acceptor

of secondary defects during annealing of a buried amorphous layer in (B) had the opposite sign of that obtained for the donors(P, As).
silicon. The buried amorphous layers were formed by 1.0 MeV 1 1 5 ln+

We interpret the result to indicate that processes associated with localized
implantations in Si(100) with a dose of 1014 /cm 2 . By applying both TEM hole (electron) pairing, respectively accelerate (decelerate) the SPEG rate.

and RBS analysis the formation of secondary defects and precipitation of

dopant atoms has been accurately determined as function of annealing AS. 9
temperatur'. and time. A comparison is made with the annealing behaviour CONVARISON OF MeV AND keV ION DAMAGE IN GaAs

of buried amorphous layers formed by other dopants, like phosphorus, to
account for the dependence on dopant species. I n , . Williamst. 2 and R.G. Elliman1

I. Microelectronics and Materials Technology
AS. 7 Centre, RMIT, Melbourne, 300, Australia

KINETICS AND MICROSTRUCTURE OF TRANSIENTLY ANNEALED 2. Electronic Materials Engineering, RSPhysS,
IMPLANTED POLYCRYSTALLINE SILICON LAYERS. J..... ANU. Canberra, 2601, Australia
LnAGIAn. P.J. Timans, R.A. McMahon and H. Ahmed,
Cambridge University Microelectronics Research The resultant damage to GaAs from ,n bombardment depends on the
Laboratory, Science Park, Cambridge C94 4rN, UKI C. competition between defect C.o.ucti , and dynamic (defect) annealinS.Hill, P.D. Augustus and D.R. boys, Plessey Research, cmpeition bet er duc h and dnami (fect) aneang.
Caswell, Northants N12 SEQ, UK. Implantation parameters which have the dominant influence on damage

production are ion mass, energy and dose. These give the deposited
Microstructural changes occuring during the early stages energy density about ion tracks and the integrated energy deposition.
of rapid thermal annealing of arsenic-implanted Additonal parameters which influence dynamic annealing processes ae
polysilicon bipolar emitters crucially affect the final ion dose rate and substrate temperature during implantation. In this
dopant distribution and hence device performance. The paper, the nature and extent of MeV and keV ion damage in GaAs are
first stage of annealing is solid phase .pitaxial
regrow h (SPF) of the amorphised layer. In-situ studies funtio ionomadertnditeertue using tim
using time resolved reflectivity, combined with XT34 of re=.ectity, ion channeling and trsmission electron microscoy
partly annealed structures, have been used to determine techniques. In particular, the threshold conditions for amorphous phase
the effects of initial grain size (lOOA-), amorphisLng production amrmesured and compared with variousmodels.
species (Si or As), and temperature (600-O50OC) .
Electron beam heating with high ramp rates (1600*C/s)
was used to regrow specimens at constant temperature for AS. 10
tims between 0.2 and 2000s. IN SITU CRYSTALLIZATION STUDY OF Kr ION AMORPHIZED Ge

The initial regrovh rate in polysilicon layers which BY THERMAL ANNEALING WITH TEM* LuMiL)Wang, Robert C.
had boon pro-annealed at 12509C to give complete Bincher and Lynn E. Rehn, Materials Science Division, Argonne National
epitaxial realignment to the (100) silicon substrate was Laboratory, Argonne, IL 60439
5xl016exp(-2.71.OSeV/kT) k/s. This is within 10 of
the rate measured on similarly implanted (100)
substrates, showing that impurities in the polysilicon The structural and morphological changes of Ge under 1.5 MeV Kr* ion
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irradiation at room temperature have been studied by in situ TEM. implanted Sn- Preliminary results have suggested that the as-implanted
Amorphization in Ge was detectable after a Kr' dose of 8.5xl012 ions/cm 2, Sn is predominantly on substitutional Ga sites after pre-implantation
and was achieved after l.2x1014 ions/cm 2.A high density of small void- of either. Ga or P.
like cavities, observed in the amorphous phase after 7x1014 ions/cm2, grew
into large holes transforming the irradiated Ge into a sponge-like porous
material at a dose of 8.5x 1015 ions/cm 2. Research sponsored by the Division of Materials Sciences, US De-

partment of Energy under contract DE-AC05-84OR21400 with Mar-
tin Marietta Energy Systems. Inc.In this study, thermal annealing of 1.5 MeV Kr' ion arorphized Ge was

carried out with TEM. Effects of ion dose and the morphology of the
amorphous phase on crystallization have been studied. The variation of the A9. 1
temperature at which crystallization is complete, Tcy, has been found to IN-SITU STUDY OF RADIATION DAMAGE IN V0. INDUCED BY
havethree Krdoseregimes.lInthepartiallyamrphizedGe, Tcyincreased LOW ENERGY ELECTRONS, Hanjie Fan, Rebecca A., ar.n
with ion dose from 2250C to 400*C at 1.2x1014 ions/cm 2, where Laurence D. Marks, Department of Materials Scae-r.-e
amorphization was complete. Between 1.2x1014 ions/cm 2 and IxlO15  and Engineering, Northwesterr Univers'ity, E-iar .
ions/cm2, Tcy was constant within experimental uncertainty. In the third IL 60208
dose regime where large cavities have formed, Tcy increased with ion dose.
Thesponge-likestructuredidnotcrystallizeuntilthetemperaturereached Radiation damage induced by low energy, low flux
600*C. During annealing, the small cavities (3-10 nm in diameter) in the electrons has been studied by UHV-HREM. It is
samples irradiated to 0.7-3x10' 5 ions/cm2 were expeled by the crystal observed that irradiation by a 100eV electron beam
growth front, and they coalesced into a few large holes. However, the at a flux of 10tA for about 15min. induced changes
sponge-like structure of the samples irradiated to higherdoses ( 8.5xi015 at a flu o urfor about a t.ine cha
ions/cm2) remained nearly unchanged after crystallization. The kinetics of only in the surface layer with a thickness thatcorrelates to the electron mean free path. The
crystallization in the three different dose regimes will be discussed. surface damage follows the reduction route of,
*Work supported by the U.S. Department of Energy, BES-Matenals crystalline V20 5 --- > amorphous, coupled with an

ordered structure of oxygen vacancies. It is found
Sciences, under Contract W-31-109-Eng-38. that under irradiation of a 3keV electron beam at

a flux of 50VA for about 30min., the VO surface
A8.11 transformed into a crystalline V,O,, phase. These

ION IMPLANT ACTIVATION AND REDISTRZIBUTION IN observations suggest that desorption of oxygen from
the surface and diffusion of oxygen to the surface

AlGal-,As. S. J. Pearton, W. S. Hobson and A. E. Von Neida, from the bulk are two competing processes. Under
AT&T Bell Laboratories, Murray Hill, NJ; N. M. Haegel, UCLA, low energy, low flux electron irradiation, oxygens
Los Angeles, CA; K. S. Jones, University of lorida, Gainesville, desorb from the surface with a substantial faster
FL; N. Morris and B. . Sealy, University of Surrey, UK. rate than oxygens diffuse to the surface from the

bulk, resulting a highly defect-containing surface
The electrical activation characteristics of implanted Be, Mg, which collapses into an amorphous phase. However,

Si and S in AlGal-,As (x =0-1) were investgated as a these two processes take place at a compatible rate

function of ion dose for rapid annealing in the range 600-950C. under higher energy, higher flux electron

The apparent activation energy for electrical activity of these irradiation, allowing formations of critical VO

species increases with increasing AlAs mole fraction. For Be this
activation energy is 0.35 eV for GaAs and 0.49 eV for 9.2
Al 0 .54Ga 0 .As. Self-compensation is the predominant limiting
mechanism for Si activation, as determined by the relative PL As AND B ION IMPLANTATION THROUGH Mo AND
intensities of the SiGs-to-SiMs related transitions. No significant INTO Mo-SILICIDE LAYERS FOR SHALLOW JUNCTION

FORMATION. L.ngahcci M.Merli, S.Solmi, A.Armigliato,redistribution of implanted Si is observed for any AlAs mole R.Fabbri, E.Gabilli, and A.Poggi, CNR - Istituto LAMEL, Via
fraction for RTA up to 900"C (5 sec) whereas S shows motion Castagnoli 1, 40126 Bologna, Italy
into the AIGaAs and no tendency to outdiffuse. By contrast, both
Be and Mg display loss of the dopant to the surface and little Dopant ion implantation through refractory metal (ITM) films
redistribution toward the bulk. Minimal damage is observed by and implantation in silicide layers have been investigated as a

viable approach to shallow junctions formation for VLSITEM in as-implanted AlGaAs for Be or Si doses below the applications.
amorphization threshold.

As and B have been implanted through 40 nm e-gun evaporated
A8 .12 Mo and into 100 nm thick MoSt2 layer, obtained by RTA at700"C, 60 s in nitrogen, to fabricate n+ /p and pt/n circular
DOPANT SITE LOCATION IN DUAL-IMPLANTED GaP USING diodes and test pattern for conctact resistivity measurements.
DEPTH OSCILLATIONS OF {111} PLANAR CHANNELING TECH- Post implantation annealing at 10000C, 10 s and 11000c, 2 s
NIQUE N. R Parikii C T Kao, D R. Lee, J. Muse, M. L Swan- complete the fabrication process.
son, Dept. of Physics and Astronomy, University of North Carolina,
Chapel Hill, NC 27599-3255, and T. E Haynes, Oak Ridge National Measurements performed on diodes show a sensitivity of the
Laboratory, Oak Ridge, TN 37831-6048, junction characteristics to the fabrication process. In particular,

the lowest values of leakage current, of the order of 1 nA/MM 2 at
Previous studies have indicated that dual implantation can efficientl' -1 V, are obtained for the implantation into silcide. Dopant
introduce group IV dopants onto selected sub!attice sites and enhance distribution, measured by SIMS, and carrier concentration
electrical activation in Ill-V compound semiconductors. We have stud- profiles, determined by incremental sheet resistance and Hall
td this phenomenon using Rutherford backscattering spectrometry to effect measurements, show a junction depth and a sheet
deterrmine the lattice locai n ,f as-implanted Sn atoms in GaP. We resistivity of 130 am and 26 o/a for As and 170 am and 30 /n
used single crystals of GaP lk0) which had been dual-implanted with for B after RTA at 1000C, 10 a. No significant differences can
"' Sn' following pre-implaniation of either 65Ga* or 3iP4 at 4U(iC. En- be observed from the above mentioned carrier and dopant
ergies were selected for equivalent projected ranges, and all species were profiles for the two different junction formation procedures. The
implanted with doses of 1 10", ionscml The asymmetry in the angu- worst reverse current values for the ITM technology could be
lar dependence of the backscatiering yield depth oscillations near the related to a different generation and evolution of the
JIIJ} planar channel was used to determine the sublattice site for the implantation damage. Electron microscopy observations and
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Double crystal X-ray analis are in p to correlate Aq -
residual da g ad leakap current. The electrical activity of ELECTRON BEAM INDUCED RADIATION DAMAGE IN SUPERCONDUCTORS
the deep levels, poesibiy initroducded bv the fabrication process, is RLalu., T. Roy, T. E. Mitchell and M. Nastasi; Los Alamos National
ben matured byDeep Level Transient Spectroscopy Laboratory, Los Alamos, NM 87545.

A9. 3 High temperature superconductors can be subjected to high energy

CHARACTERIZATION OF N AND B IMPLANTED FUSED SILICA. radiation in certain potential applications. It has been demonstrated
.CW Arnold and R.K. Brow, Sandia National that electron beam radiation of superconducting samples in a

Laboratories, Albuquerque, NM. transmission electron microscope can displace oxygen atoms in the
lattice. This causes disordering of vacancies in the oxygen sublattice.

The formation of waveguides in glass by ion leading to the orthorhombic to tetragonal transformation. This
implantation is an attractive means for processing disordering can be monitored by changes in the b/a ratio. In some cases,
optical information in devices made by hybrid prolonged radiation in the electron microscope has been known to cause
optoelectronic planar technology. Implanted species oxygen loss and subsequent reordering of the Cu-O planes. In this study,
which are incorporated into the glass structure, such the interaction of an electron beam with YSa2Cu307 has been
as B and N, result in greater index changes than are investigated as a function of electron energy, beam current, irradiation
possible for ions producing changes through damage time and sample temperature.
(compaction) alone. We have applied ion-beam analysis
and XPS to the compositional and chemical A9.6
characterization of 50 keV 1 x 1017 B and N/cm 2

implants into fused silick and have found clear DUAL IMPLANTATION OF Ii AND C INTO SINERED ,-SIC AND
evidence (XPS) for the formation of B203 and Si- HOT PRESSED S13N4.* R. S. Bhattacharya, A. K. Rai,

oxynitride. The N implanted samples exhibit two XPS and D. Patrizio, Universal Energy Systems, Inc.. 4401
peaks with -500 of the N having a higher binding Dayton-Xenia Road, Dayton, OH.
energy--which may be characteristic of unreacted
N--than that for the SiOxNV peak. An implant of 1 x Ion implantation can be used to modify the near surface
1017 95 keV Si/cm2  or . x 1017 120 keV Ar/cm2  properties such as friction, wear, surface hardness and
eliminates the unreacted N peak and results in a single toughness of structural ceramics. Sintered ,-SiC and
Si-oxynitride distribution which has a much greater N hot pressed SI3N4  are known to amorphize under Ion
intensity than that for the combined original 2-peak implantation resulting in softening of the surface layer.
distribution. Changes in the Si2p spectra are Thus, for improving surface hardness, toughness, friction

conset'rent with the formation of an oxynitride layer. and wear properties of these ceramics. dual implantations

fhis result suggests that N precipitates formed at high of appropriate elements are necessary to form hard second

ion fluences may be easily and efficiently incorporated phases upon annealing induced recrystallization of the

into the modified glass structure and has important amorphous layer and chemical interaction of the implanted

technological implications for the use of ion- species. Dual implantations of Ti + and C+ at energies

implantation for optoelectronic purposes. of 175 key and 50 keV respectively and at a dose of

lxl0 17 cm-2 for each species have been performed into

This work performed at Sandia National Laboratories both SiC and S13N4 substrates. The implanted samples

supported by the U.S. Department of Energy under were annealed at 1200-C for 2 hours in high vacuum

contract number DE-AC04-76DP00789. (-lxl0-  torr) by placing them in Ta box. Rutherford
backscattering analysis showed that no oxidation occurred

during annealing and Ti diffused outward toward the
A9.4 surface in both SiC and S13 N4. Cross section TEN

Excimer Laser induced Crystallization of Amorphous Silicon Near analysis revealed the formation of TiC precipitates in

Threshold. R.Z.B Bhrch K. Winer, J.0. Boyce, F. Ponce, S.E. both SiC and Si3N4. A comparison of these results

Ready, R. I. Johnson, and G.B. Anderson, Xerox Palo Alto with that of single Ti implantation will be presented.

Research Center, 3333 Coyote Hill Road, Palo Alto Ca., 94304. This work was supported by the DOE. ECUT under Contract

Experiments have revealed the near-threshold crystallization DE-ACO5-840R21400 with Martin Marietta Energy

behavior of excimer laser irradiated thin amorpous silicon films Systems, Inc.
deposited by plasma CVD (a-Si:H) and by D (a-Si). The
intense, pulsed UV produced by the laser s highly absorbed by A9.7
the thin amorphous material. TEM results indicate that
crypallites nudeate in the surface region and X-ray analysis X-RAY AND RAMAN TOPOGRAPHIC STUDIES OF Si-ION
shows that the crystaliltas are randomly orented. Following IMPLANTED, PULSED-LASER-ANNEALED GaAs. R.C.
later irradiation crystalltes are Produced whose structure and Bowman Jr, P. Adams, J.T. Knudsen, Aerospace Corp., Los
electril characteristics vary accordi to starting material an Angeles, CA, H.D. Yao* and A.D. Compaan, University of
laser scan parameters. Experments relating crystallite grain size Aole, CA, H.
to other properties and characterizing the crystallized films Toledo, Toledo, OH.
using x-ray diffraction, Raman scattering, TEM, transport and
other measurements will be described. Investigation of grain The lattice reconstruction of pulsed laser annealed, Si-ion
growth In crystallized a-SI:H and a-SI has shown the basic implanted GaAs has been studied by both x-ray double crystal
crystaflization proce exhibits a sharp threshold and Increases as topography and Raman topography. The x-ray rocking
the square root of the laser energy delnsity above threshold. curves show, for ait implant dose of 2XlO14/cm , a maximum
Poor control of the laser beam can mask the threshold curventshoniforcad lat do of 038%. A maxcmum
phenomena. Various dependences on material parameters such implantation-induced lattice dilation of 0.38%. At the center
as doping and implanted S1 concentra-- were also determined, of the laser annealed spot for a pulse energy typically of 0.6
Hydrogen is released from the film at a lower laser energy J/cM 2, the lattice strain is almost completely removed.
densty than the onset of crystllization. Assocated wit the However, concentric bands of reduced strain or a tilted lattice
onset of crystllization is a sharp conductiviy activation are observed surrounding the central annealed area. These
threshold phenomenon. TIM studies have idenifed that the characteristic bands are observed in regions where the pulsedthreshold behav~or f the crystllization process results In
spatially abrupt interfaces between crystlline and amorphous laser energy density is in the range of 0.1-0.2 I/cm'. The
material. Trnsient conductivity and absorption experiments Raman topographs were obtained by raster scanning the
Invetigating the kintis ofa clallization will also be sample with the spectrometer fixed at either the TO phonon
present , frequency, LO frequency, or the amorphous band.
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Correlation of the Raman results with the x-ray topographs Science(EECS), University of Michigan, Room 1116A, 1301 Beal
iow that the concentric bands correspond to the region in Avenue, Ann Arbor, Michigan 48109-2122.

which some melting has occurred but epitaxial regrowth has A
notcknowledgement: This work was supported by the Sponsors of theFusion Feasibility Project at the Laboratory for Laser Energetics.
undamaged substrate. Further results obtained on higher This work was also supported by the U.S. Air Force under contract
dose Si implants up to 5X10I/ cm1 will also be discussed. F49620-87-C-0016.

* Present address: Center for Microelectronic and Optical A9. 10
Materials Research, University of Nebraska, Lincoln, NE. IRRADIATION INIDCED NETASTABLE PHASE PORNATION

IN AMORPHOUS THIN FILMS DEPOSITED BY MAGNETRON
A9.8 COSPUTTERING. Qing-Ming Chen, Huazhong University

of Science and Technology, Vuhan, China; Yu-Dian
SURFACE REACTIONS OF NiO AND CoO IN THE ELECTRON Fan and Heng-De Li, Tsinghua University, Beijing,
MICROSCOPE ENVIRONMENT. May 1. Bucketl and L. D. Marks, China.
Department of Materials Science and Engineering, Northwestern
University, Evanston, IL 60208. Irradiation induced metastable phases in the

amorphous thin Al-Fe, Al-Ni and Al-Co films have
been studied in detail. The amorphous thin films

NiO and CoO surfaces react to form their respective Ni3O4 and were deposited by magnetron cosputtering onto the
CO30 4 spinel phases during irradiation in the electron microscope substrates which were kept at the liquid-nitrogen
at a vacuum level of 10-7 Torr, but not at 10-10 Torr. Spinel temperature. The composition of the samples in a
formation occurring on (001), (110), and (111) profile surfaces of total length of 200 -m spans the whole range of
NiO and CoO have been examined in detail by through-focal each binary phase diagram. The compositions and
series comparison of HREM experimental images with multislice structures of the as-deposited thin films were
image calculations. NiO surfaces tend to form (111) facets when determined by Rutherford backscattering analysis
exposed to the electron beam. Spinel formation is observed to and by transmission electron microscopy. Then the
nucleate preferentially at faceted (111) surfaces and at surface amorphization range of each system was confirmed.
defects. Propagation into the bulk follows diffusion-controlled The amorphous samples of theme three systems were
behavior. Once formed, Ni30 4 (001) and (110) surfaces appear to irradiated with 300 ke Xenon ions to some fere
be stable in the electron beam. In contrast, the Ni30 4 (111) doses with the ion flux being less than 1uA/cm .

surface is seen to undergo dynamic reaction which reverts the After irradiation, all the samples were examined
surface 1 to 2 monolayers back to NiO. Ni30 4 spinel formation is by transmission electron microscopy to detect the
reversible; the original NiO structure reappears with the beam ion induced structures. The electron diffraction
removed. In CoO, faceting is not observed during electron irradia- patterns of some irradiated samples revealed that
tion. The spinel phase nucleates uniformly on all exposed (001), crystalline structural phase transition took
(110), and (111) surfaces. Unlike the case for NiO, C0304 spinel place in the samples and some non-equilibrium
formation from CoO is irreversible, phases have been formed.

In both cases, the surface-initiated formation of spinel phase Finally, some phenomena in the structural phase
appears to be a direct result of interaction between the sample transition have been discussed.
.,, ,l, , ard id1 orbed species from the microscope environment. It
is also strongly dependent on the incident electron flux, but not A9 .11
energy, which suggests an electron-stimulated reaction (ONI)INSATION (IF tJIRAHNI. SILICA FROM A LASER-
mechanism. INDUCED IPIAIME. Gan-Moot Chow* and Peter R. Strutt, U-136

Institute of Materials Science, the University of Connecticut, Storrs, CT
A9.9 06269.

SUBNANOSECOND TIME-RESOLVED ELECTRON A study of rapid condensation of silica from a plume produced by the
DIFFRACTION FROM THIN CRYSTALLINE GOLD interaction of a continuous-wave carbon dioxide laser beam with a ceramic
FILMS. Hsiu-Cheng Chen,* Gerard Mourou,t and Robert target is presented. This process occurred in a reactive mixture gas

environment (98.5% hydrogen, 1.5% methane). A heated tungsten filament
Knox.* Laboratory for Laser Energetics, University of was also placed in the proximity of the laser beam - material interaction
Rochester, 250 East River Road, Rochester, New York zone. Silica deposited on a Ni alloy substrate exhibited different metastable
14623-1299 morphologies, namely, nanometer-size amorphous fibers or linear-chain

shape aggregates. There appeared to be a correlation between the
morphology of the deposits and the position of the heated tungsten filament.A 100-ps and 25.5-keV electron pulse was used to probe a When the tungsten filament was absent, silica was deposited in the form of

25-nm thick gold single crystal irradiated by a synchronized clusters. In this case, depending on the beam-ceramic target interaction
infrared optical pulse. The time-resolved changes in times, there was a shift in the Si-O stretching vibration characteristics.
electron diffraction intensity following laser heating were Sintering of these deposits was also observed at a hotter region on the

substrate surface. It is proposed that chemical vapor transport reactions
interpreted in terms of temperature changes on a involving the heated tungsten filament affected the final morphology of the
subnanosecond scale. An observed oscillatory behavior is condensed silica. Mechanisms controlling the agglomeration of condensed
believed to arise from the relaxation of a crystal lattice silica are also discussed. Characterization techniques involved FTIR, X-ray
distortion in the surface region associated with surface diffraction, Auger and microprobe analysis, EDX and WDX analysis, SEM

plasmon generation. The relaxation of the surface layers of and TEM.

atoms appears to give rise to an oscillation in time of the * Curmsy at Composites ad Cerinucs Bunmd, Code 6371, Naval Reafc aItratory.
scattered electron intensity. A preliminary theoretical Wubmaost D.C. 20375.
interpretation is given using a modified Debye-Waller
method.

*Also at: Department of Physics and Astronomy, University of
Rochester, Rochester, New York 14627-0011.
tPresent address: Department of Electical Engineering and Computer
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A9.12 implantation using contact masks, resulting in sharp lateral amorphous-

LASER VAPORIZATION AND DEPOSITION OF LEAD crystal boundaries. For thick Si substrates, the lateral dimensions are

ZIRCONATE TITANATE. Peter K. Schenck, Lawrence P. Cook, constrained and the majority of the density difference between the two

Jiarong Zhaol, John W. Hastie, Edward N. Farabaugh, Chwan-Kang phases is manifested as a surface step that can be measured using a

Chiang and Mark D. Vaudin, National Institute of Standards and surface profiler. These measurements indicate that as-implanted a-Si is

Technology, Gaithersburg, MD; and Philip S. Brody, Harry Diamond 2% less dense than c-Si. Thermal anneals which lead to relaxation of

Laboratories, Adelphi, MD. the a-Si, but no measurable regrowth, result in a 10% decrease of the
surface step heights. Once this initial decrease is over, the step heights

Laser induced vaporization of ceramic and refractory materials scale linearly with a-Si thickness as the layer is regrown by solid phase

shows promise as a technique for the deposition of thin films of epitaxy. Comparisons of these density changes with models, and the

these materials. Critical to the utility of this technique is an effects of post-relaxation ion irradiation will also be discussed.

understanding of the laser material interaction, plume formation and
dynamics, material transport and how variations in the vaporization A9.15

conditions effect the deposited film. Lead zirconate titanate (PZT, NOBLE GAS ION IMPLANTATIONS IN LASER TREATED

Zr/Ti-50/50) targets were irradiated using a q-switched NdYAG MATERIALS J. Th. M. De Hosson, Dept. of Applied Physics,

laser (IOns, 100mJ at 1.064 um). The deposition chamber was Materials Science Centre, Nijenborgh 18,9747 AG Groningen, The

maintained at a pressure of 100 mTorr oxygen. Material from the Netherlands.
plume was collected on single-crystal MgO substrates, suspended 1.0
- 2.0 cm above the target. The as-deposited films are being Despite the advantages of laser processing for the production of

characterized by SEM/EDX, TEM, ESCA, x-ray diffraction and wear resistant materials, laser surface melting results in tensile

electrical measurements prior to and after annealing. stresses because the melted layer shrinks during resolidification.

These tensile stresses may lead to severe cracking of the material
Temporally and spatially resolved spectra of the light emitted by the and to deleterious effects on the wear behaviour. Our basic idea

laser-generated plume were obtained with an optical multichannel presented in this paper is to convert the high tensile stresses in the

analyzer (OMA) to yield information on the .plume generation and laser melted surface into a compressive state after implantation.

chemistry of the deposition process. These spectra indicate that When pressurized bubbles of implanted ions are nucleated in the

under these conditions a plasma is created above the target surface surface layer, one can imagine that the corresponding compressive

which persists for -100 ns after the laser pulse. stress field may annihilate the tensile stress field of the laser melted

materials. Furthermore, the surface layer might also be streng-
Guest Scientist, Chinese Academy of Science, Beijing, Peoples thened during wear, due to the interaction between moving

Republic of China. dislocations and the bubbles. Results are presented of He and Ne

implantations into laser treated materials.
A9 .13

PHOSPHORUS IMPLANTATION OF 304L STAINLESS STEEL. E. A9.16
C. Cooney and D. 1. Potter, Metallurgy Department, School of Engi-
neering, Institute of Materials Science, The University of Connecticut, FEMTOSECOND LASER MELTING OF GRAPHITE. D. H. Reitze.

Storrs, CT. USA 06269-3136; N. L. Lee and G. B. Fisher, Physical X. Wang, H, Ahn, and M. C. Downer, Physics Department, University
Chemistry Department, General Motors Research Laboratories, Warren, of Texas at Austin, Austin, TX.
MI. USA 48090-9053.

We report on the results of time-resolved reflectivity measurements on
Electropolished 304L stainless steel specimens were implanted near room highly oriented pyrolytic graphite (HOPO) using 90 fs., 620 nm. pulses.
temperature with 175 keV phosphorus ions to fluences from

0.24 x 1017 P+/cm2 to 4.0 x 101 P+/cm2. Microstructural characterization In contrast to earlier picosecond melting experiments), we observe a

of the samples with an analytical electron microscope revealed an FCC large increase in reflectivity when the excitation pulse exceeds the
to BCC transformation at fluences near 1.0 x 107 P+/cm2, followed by critical fluence for melting (Fo= 0 . 13 J/cm 2 ), suggestive of a liquid
amorphous phase formation at 3.5 x 1017 P+/cm2. Precipitation of a
hexagonal phase, indexed as Fe2P, from the amorphous matrix occurred metallic phase2, followed by a dramatic decrease in reflectavity caused
at fluences of 3.75 x 101 P+/cn 2. Anodic polarization measurements by material ablation on the sample surface.
performed on specimens implanted to 3.5 x 10"1 P+/cm1 to generate
amorphous phase showed no significant decrease in the critical anodic Differential reflectivity measurements on HOPG were performed over a
current density as compared to unimplanted 304L stainless steel. How- wide range of excitation fluences. At excitation levels below Fm. the
ever, pitting corrosion was not seen on implanted specimens, whereas reflectivity decreases slightly initially and rapidly recovers in < I ps.
unimpianted specimens showed extensive pitting attack. When the critical fluence is reached, however, the initial reflectivity

change is large and positive. For pump fluences slightly above Fm, the
A9.14 initial positive reflectivity phase persists for -10 ps., crosses below the

DENSITY OF AMORPHIZED SILICON AND ITS CORRELATION background value, and decreases to a small fraction of the background

WITH STRUCTURE. 3. S. Custer and Michael 0. Thompson, Comell value at - 40 ps. As the pump fluence is increased, the crossing point

University, Ithaca, NY: J. M. Poate and D. C. Jacobson, AT&T Bell occurs at earlier times, caused by the rapid ablation of surface material

Laboratories. Murray Hill, NJ* S. Roorda and W. C. Sinke. FOM which obscures the surface.
Insttte for Atomic and Molecular Physics, Amsterdam, The
Netherlands; and F. Spaepen, H ard University, Cambridge, The Additional time-resolved expertments using a probe wavelength of 310

nm. as well as 620 nm probes with s and p polarizations were

The intrinsic density of amorphous Si (a-Si) is an important physical performed in order to elucidate the natures of the molten surface and the

parameter. There is, however, a considerable spread in the density ablation tclond. Results of these measurements will be presented.

measurements with values ranging from 2-11% less dense than that of

crystalline Si (c-Si). Moreover, there are computer simulations which 1. A. M. Malvezzi, N. Bloembergen, and C. Y. Huang, Phys. Rev. Lett.

indicate that a-SI should be denser than c-SI. To measure the intrinsic R7, 146, (1986).
density it is essential that the a-SI layers be impurity and void free. We 2. J. Heremans, C. H. Ok, G. L. Eesley, J. Steinbeck. and G.

have achieved this using high energy SI implantation in SL Dreaselhaus, Phys. Rev. Len. 6, 452, (1988).

Thick amorphous SI layers are created by multiple energy MOV Si self-
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A9.17 A9.20

FORMATION OF DEFECT-FREE SHALLOW JUNCTIONS BY RAPID THERMAL ANNEALING UF Si + and P+ DUALLY
LOW-TEMPERATURE RAPID THERMAL ANNEALING.* IMPLANTED InP. Shen Honglie, Yang Genqing,
M, S.J. Pennycook, and R. A. Zuhr. Oak Ridge National Zhou Zuyao and Zou Shichang, Ion Beam Laboratory,
Laboratory, Oak Ridge, TN 37831. Shanghai Institute of Metallurgy, Academia Sinica,

Shanghai, China 200050

Low and high doses ofAs+ (3x10 14 -1x10 6 cm -2 ) were implanted in Si Shngai Cina 20i w ma

single crystals in the energy range of 2 to 17.5 keV at room temperature. 15oKEV Si + ions and 160KeV P+ ions were implanted
Defect-free shallow junctions with good electrical activation have been at 200 C with doses ranging from 1xl0

1 3 to
achieved at temperatures as low as 700*C by rapid thermal annealing. 1xl0' 5 /cm 2 to study the effect of dual implanta-
Cross-sectional transmission electron microscopy combined with in situ tions on the electrical properties of Fe doped
annealing has been used to distinguish the two possible mechanisms InP. Samples were deposited with Si 3 N4 films of
responsible for defect removal, bulk diffusion of point defects leading to 1000 by PECVD and annealed in a halogen tungsten
defectannihilation, and glide ofextended defects to the surface through the lamp RTA system under flowing0 N2 at different
actionof image forces. This latter mechanism is shown to become a more temperatures from 700 to 900 C for 5s. The
efficient meansfordefectremovalasthejunctionbecomesmoreshaUow. samples were characterized by Hall measurements

using the Van der Pauw method. To obtain
*Research sponsored by the Division of Materials Sciences, U.S. carrier concentration profiles, differential
Department of Energy undercontract DE-AC05-84OR21400 with Martin Hall measurements were performed using 1:1
Marietta Energy Systems, Inc. mixture of H3 P0 4 :H 2 0 2 . It has been found that

Si and P dual implantations in InP can results in
an enhanced activatation, particularly evident

A9.18 at high doses of implantation. The maximum
A COMPARISON OF LOW AND HIGH DOSE GALLIUM ION IMPLANTED dopant activation and average electron mobility
POLYCRYSTALLINE SILICON. H.B. Harrison, Microelectronics, for Si and P dual implants at doses of 1x101 5 /cm2

Griffith University, Australia 4111, A.P. Pogany, D.X. CAO are 70% and 750cm2 /vs, which corresponds to a
MMTL, RMIT, Melbourne, Australia 3000, and Y. Komen, peak carrier concentration of 5xl0' 9/cm while
Technion, Israel. that for S1 single implant at the same dose are

29% and 870cm2 /vs, which corresponds to a peak
Gallium (Ga) implanted polycrystalline silicon is the subject carrier concentration of 1. 2 xlO09/cm2 . It can
of this investigation. Ga ions of 100kev and doses be seen from the carrier concentration profiles
3 x 1014/cm 2 and 6 x 101 5/cm2 (low and high dose respectively) that Si dopant is effectively prevented from in-
have been studied with regard to their annealing properties. diffusion with the help of rapid thermal anneal-
Previous reports by this group have concentrated on the ing and P implantation.
higher dose regieme, namely that of a liqued phase melt
regieme that determined the final morphology, and other A9.21
physical and electrical properties. MODELING OF LOCALIZED MELTING OF THIN Si FILMS IN ZONE-
Whilst the lower dose results in a similar damage layer MELTING RECRYSTALLIZATION. J.S. Im,s.c J.D. Lipman,b I.N.
albiet to a different depth, the ann-aling cycle tends to ]fiaoulis,b C.K. Chen,c and C.V. Thompson.2
follow a more conventional solid phase epitaxial growth.
However there are other interesting differences between the 8Department of Materials Science and Engineering, Massachusetts Institute
two doses regiemes and it is the intent of this paper to of Technology, Cambridge, MA 02139.
highlight these differences and suggest speculative reasons bMchanical Engineering Departmet Tufts University, Medford, MA
for these physical and electrical differences. 02155.

cLinconi Laboratory, Massachusetts Institute of Technology, Lexington,
A9.19 MA 02173-0073.

DIFFUSION OF CARBON IN TEMPERED MARTENSITIC
STEEL DURING LASER MELTING. J-P. Hiryonen, T. .R. Using the finite difference enthalpy method, we have developed a quantita-
Jervis, and T. G. Zocco, Materials Science and Technology Di- tive model that accounts for the localized melting behavior of thin Si films.
vision, Los Alamos National Laboratory, Los Alamos, NM The model incorporates radiative and conductive heat flow components and
87545 takes account of the phase changes that occur during zone-melting

recrystallization. Emphasis is placed on the effects resulting from the
Migration of carbon is one of the most important factors de- differences in reflectivity and emissivity between solid and liquid Si.
termining the final microstructure of the laser melted surface Quantitative information is provided concerning the temperature profile of
of carbon steel. The formation and dissolution of carbides re- the Si film and the configuration of the solid-liquid phase bounduries. The

model shows the existence of two distinct types of melting behavior.
stricts the amount of carbon capable of diffusing during the reflectivity-change-dominated and emisivity-change-dominated. Partial
melt duration (- 100 nsec). This affects coarsening, composi- melting and nonplanar solid-liquid interfaces are characteristic of
tion, and microstructure of the modified surface layer. reflectivity-change-dominated behavior, while "explosive" melting and

hystresis are characteristic of emissivity-change-dominated behavior.Tempered martensitic steel with nominal composition: 1.05
wt. % C, 0.2 wt. % Si, and 0.3 wt. % Mn was implanted with The Lincoln Laboratory portion of this work was sponsored by the Rome
13C and subsequently laser melted with an exci-.er laser op- Air Development Center.
erating at 248 mm. The surface was exposed to five and ten
pulses at an energy density of 1.2 J/cm2 per pulse. The concen- A9.22
tration profiles were measured utilizing the resonance of the
nuclear reaction ISC(py) 14 N at a proton energy of 1.948 MeV. EFFECTS OF NITROGEN ION IMPLANTATION IN 304 STAINLESS STEEL
r'rom Lhe measured ooncentration profiles the diffusion length AT HIGH TEMPERATURES. Sddhnd Shrivastdvd. Ram D. Terey.

wem uel a traction ofs c o biondledgto M.C. Bhetntger. Amitdbh Jdin and K.L. Chopra, Indian
per pulse as well as the fraction of carbon bonded to Institute o, Technology, Hauz Khds, New Delhi-110016,
undissolved carbides were calculated. These results will be India.
compared to similar studies in laser melted carbon implanted
iron. Results of microstructural characterization of the Nitrogen ion implantation is an attractive technique for
surfaces using transmission electron microscopy will also be surface strengthening of metals and alloys. In order to
presented. achieve high throughputs. high dose rates are necessary

and cooling of the target is often impractical. We present
a study of the influence of target temperature on the stru-
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cture ar,d properties of nitrogen ion implanted 304 stain- range of the germanium, aligned spectra exhibit ledges correspond.
less steel. With a beam power of 0.1 W/cn 2 the target 17 Ing to somewhat higher dechanneling yields. We explore the orienta-
teperature is restricted to 150"C. At a dose of 3 .5x10 tion dependence of these ledges and propose a pseudomorphc lat-
N 2/cm , Glancing Angle X-ray Diffraction revealed the for- tice regrowth model to explain these observations.
mation of c-iron nitride and no nitrogen in solution. The
microhardness measured at lOg increases by 15%. With a
beam power of 1.1 W/c 2 the target temperature is 550"C. A9.25
At the same dose as before, the amount of c-iron nitride
produced Is smaller but there is a few atomic Percent LOW ENERGY Si AND Sn IMPLANTATION OF GaAs. K.S. Jones, W.S.
nitrogen in solid solution. There is in addition the for- Rubart and L. Seiberling, University of Florida, Gainesville,
mation of chromium nitide. The increase in microhardness Florida and D.K. Sadana, IBM T.J. Watson Research Center,
is 40% in this case. This enhanced hardening appears to Yorktown Heights, New York
be due to interstitial solid solution strengthening by
nitrogen. The specimens contained a bcc phase which lends Low energy Si+ and Sn+ implantation into GaAs has been
itself to such hardening. In general, Auger depth profi- studied extensively by cross-sectional and plan-view TEM.
ling revealed thermal redistribution effects and some Comparisons of equivalent damage density distributions for
loss of nitrogen through out-diffusion, the two species, formed by adjusting the implantation energy

and dose over a three order of magnitude range, indicate ion
A specimen deformed by compression formed an enhanced beam induced epitaxial crystallization (IBIEC) greatly
I 1- y. ,'dring ion implantation at a high beam power, restricts the "window" for amorphous layer formation during
There is no loss of nitrogen in this case. The oxide layer room temperature implantation. For a 20 KeV Si+ implant in
appears to have a capping action against out-diffusion. GaAs only doses between 5 x 10

14
/cm

2 
and 2 x I015/cm

2

resulted in observation of an amorphous layer after
implantation. A correlation between the existance of an

A9 .23 amorphous layer and the subsequent extended defects observed

ANALYTICAL STUDY OF EFFECT OF ARSENIC CONCENRATION upon annealing will be presented. When complete IBIEC
ON SOLID PHASE EPITAXIAL GROWTH OF AMORPHOUS SILICON. induced regrowth of the amorphous layer occured during the
Ynung-Jin IJon. Center for Materials Science and Engineering; M.F. implantation, then extended defects formed upon rapid thermal
Becker, Dept. of Electrical and Computer Engineering; and R. M. Walse r annealing in an inert ambiant. However, suppression of
Dept. of Electrical and Computer Engineering, The University of Texas, arsenic loss during rapid thermal annealing via use of either
Austin, TX. 78712. an arsine ambient or Si3N4 capping, suppresses or destablizes

extended defects. This elimination mechanism may be related
In this work we measured the functional dependence of the solid phase to increasing the much more mobile Ga vacancy concentration
epitaxial growth (SPEG) of amorphous silicon on the concentration of which can dissolve the extrinsic, implant related dislocation
implanted arsenic (n-type) impurity, NA,. The SPEG rae of self-ion loops. Finally RBS channeling results indicate suppression
amorphized layers in silicon wafers with <100> substrate orientation were of arsenic loss during rapid thermal annealing results in a
measured by i sin, high precision, isothermal cw laser interferometry for higher fraction of the implanted tin being substitutional
temperaures from 470"C to 580"C, and concentrations in the range 5xlO1 which corresponds well with increased gallium vacancy
cm-

3
<NA<3.8x1020 cm-

3 . formation. This was confirmed by observations of Sn
precipitate concentrations in cross-sectional TEN. Hall

ChangesintheSPEGvelocitywerenotdetectedforNA,<6x011cm
3, but Ffc, r-';ilt will also be presented on the activation of

the growth rate increased linearly with arsenic concentrations in the range the implanted dopant.

6x10 18 
cm'

3 <NA,<2xI0t 9 
cm"3 . In the linear region the SPEG data

satisfied the equation; V/Vi=I+N/Ni, where Ni(T) was fit to an Arrenhius A9.26
formobtainedfromthetemperaturedependentintersectionsoftheregrowth HIGHLY STABLE U/p-In 0 .53 Gso. 47AB OHMIC CONTACTS FORMED BY RAPID THERMAL
data with the concentration axis. In previous work we showed that the PROCESSING. A.tZ, N.F.tartickek Jr., J.D.hyreB.E.Weif.
enhancement of the SPEG velocity by B and P could be described by an DMaher P.M.Thomas, .Soer, W.C.DautremOnt-Smit, end L.C.imerling, AT&T
equation of the same form. For As, the activation energy and pro-exponential Belt Labora , 6 .oin, enu.,Mrray-mit, N L.

terms of Ni were 0.23 eV and 9.8x10 20 cm-3; both values are only slightly
smaller than tioe obtained for B and P implanted samples. Tungsten contacts to Zn doped 'nO. 53Ga0 .AS have been formed by raid thermal

processing. Contacts to layers with Zn doping concentration of SxlO cm- were
The activation energy for SPEG decreased for NAs<x10 20 cm- 3 and rectifying as sputter deposited as well as after heat treatments at tampers-
increased for higher concentrations to NAs3.8XI020 cm-3 . e pr- tures, tower than 4500C. Higher processing temperatures caused a linear
exponential term for SPEG exhibited a similar vaiation with NA. The SPEG decrese of the contact resistivity values from 0.6 as deposited to 0.15 am
rate varied nonlinearly with high arsenic concentrations (NMA>2xl0 I

9 cm-3) after heating at 550
0
C. Rapid thermal processing at these higher temperatures

and a reduction in the rate of increase of the SPEG rate with NA was stimulated the Schottky to ohmic contact conversion with minimu contact
observed. A similar effect was previously observed for P; another donor resistance value of 8.5001

5
cm

2 
and sheet resistance value of 15OA/0 AS

impurity. The quadratic fit of the dat in the noalinear range for both P and a result of heating at 600°c for 30 sec. By Increasing the p-IRGaAS doping
As suggests that processes involving localized electrn pairing may have a level tO 1x019 cm2 the specific contact resistance of this contact was
deleterious effect on Si SPEG, dropped to the minimu of .5Sx10'6ncm

2
aS a result of heating at 500*C for 30

sec. The /p-n 0 . 53Gs0 .7As contact showed excellent thermal stability over

A9.24 the temperature range of 300 to 750
0

C, with an abrupt end almost unreacted
metar-semiconductor interface. Heating at temperatures of 500°C or higher

ION CHANNEIJNG MEASUREMENTS OF STRAIN IN GERMANIUM caused the degradation of the contact. This was reflected by a distinct in-
IMPLANTED AND ANNEALED SIMCON, E.A. Johnsoin, and crease in the heterostructure sheet resistance as a result of the intensive

F. Namavar, Spire Corporation, Patriots Park, Bedford, MA; interfacial reaction which took place at the Contact, accompanied by out dif-

R.J. Culbertson, U.S. Army Materials Technology Laboratory, fujiA., uf l'oth in and As.

Watertown, MA.

A9.27
We have used Ion beam channeling (2 MeV He*) to examine the
surface of (100) silicon after low dose (10'4-10" 5 atomscm) MCISSBAUER STUDY OF THE DEFECT STRUCTURES

AROUND Te IMPLANTED IN AI5 Ga1.1As. H. Bernelmans and,
germanium implantation and annealing. After a moderate annealing Int" IKS Univedty of Leuve, Belgim; G. Borg, IM
regimen (850 C, I hr), backacattered particle channeling dips r.,F,
Indicate that germanium atoms substitute Into the silicon lattice. ,
Aligned backscattering spectra show good channeling In the shallow, laguTe azoma were implanted In AIxG&I-xAs (0 ( x < 1) with a dose
germanium Implanted region with minimum yields comparable to of 2 , 1013 atoms/cm. After rapid thermal annealing to 900 C, a
pure, unimplanted skicon. At greater depths, beyond the projected variation In the Mbasbaue spectra as a function of x i observed.

For 0.2 _ x 5 0.7, & component with a large electric field radlent is
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dominant In the spectra, while for the other values of x an unsplit within the temperature range to 1500K). In this
resonance dominates. The same copone t with the l1re electrc case the mechanism of conductivity changes due
field gradlent wu observed beixe [1] In the Uftbauer spectra of to the forming localized states within a wide
Te--mnplanted GaA for concentrtions exceeding 100 atoms/cm. band gap.

As the presence of this component is orrelated with the preence of A9.30
the DX-center, the hyperfine interaction parameters of the observed
MWesbauer spectrum component will be discussed with respect to REDUCTION IN SECONDARY DEFECT FORMATION
some of the existing models for the DX-enter. IN MEV ION IMPLANTED SI(100)

WD. Lu, R.J. Schreutelkamp, J.R. Liefting and F.W. Saris,( 1)0. Lazagucbe, D. Scbroyen, H. Bemelm,,,s, M. Van Roesum, W. FMIntuefoAomcad oluarhyisKrsan
Deraedt and M. de Potter, Mat. Re. Soc. Symp. Proc. 104 (1988) FOM Institute for Atomic and Molecular Physics, Kruislaan
527. 407, 1098 SJ Amsterdam, The Netherlands

A9.28 MeV ion implantation in Si above a dose of 1014/cm2 leads

ION BEAM METHOD TO STUDY FRACTAL AGGREGATION OF

MAGNETIC PARTICLES IN THIN FILMS J.R. Ding, L.J. to secondary defect formation in a buried layer, which is
Huang and B.X.Liu(a), Department of Materials rather stable. Annealing behaviour of Si(100) implanted
Science and Engineering, Tsinghua University,Bei-
jing 100084, CHINA; (a) also at Center of Conden- with 1.0 and 2.0 MeV As+, B+ and Si+ ions at a dose above
sed Matter and Radiation Physics, CCAST(World 1014/cm2 has been investigated by means of cross-sectional
Lab.), Beijing. TEM. After annealing at 9000C for 15' elongated

Fractal aggregates of magnetic particlesiCo and dislocation loops were found along [110] direction. A
Fe) were observed in vapor-deposited Ag-Co and
Fe-Cu alloy films, after the films had been irra- remarkable decrease in secondary defects has been observed
diated at room temperature by 200 keV xenon ions if in addition a low energy silicon implantation was
to various doses. The fractal dimensions were
determined with box-counting method to be 1.47+ performed prior to annealing to form a sink for defects

0.02 and 1.42+0.02 for Co and Fe, respectively, created during MeV implantation. The reduction of the
It was found that the fractals were formed throu- secondary defect formation shows a strong dependence on
gh a cluster-cluster diffusion aggregation(CDLA)
process. However, the dimensions observed were the amount of disorder in the near surface region due to the
smaller considerably than the value of 1.72 ex- low energy implant.
pected by the CDLA model, because of the magnetic

interaction among the aggregating particles.This
is in agreement with the previous reported re- A9.31
sults. AMORPHOUS METALLIC ALLOYS FORMED BY PLASMA

The multiscaling properties of the observed frac- ION MIXING. XiaocLZhen R- Arthur Dodd, John R. Conrad,
tals were also studied and showed some differen- and Frank Worzala, University of Wisconsin, Madison, WI.
-'p - .,' those reported earlier.

When plasma ions interact with layered Ni-based metallic

A9. 29 films, the structures resulting from the ion-surface reactions
vary with the ion dose and ion mass. For light ions, smaller

lSODIFICATION OF INTRIDE C&AIC STRUCTURE AND grains are formed after plasma ion mixing, but no amorphous
RESISTIVITY BY IN BEAS. V.V.uLopatin, and structure is observed. For heavy ions, an amorphous phase is
A.V.Kabyshev, fligh Voltage InstituteTomsk, USSR obtained as long as the dose is larger than a critical value. The
The ion implantation (The parameters of plasma- film structures are checked by TEM and electron diffraction.
arc accelerator a 100 keV, 1-20mA/cm 2 ,pulse du-
ration = 250/. s,frequency = 5-50Hz) modifies The stability of the amorphous phase has been investigated by
structure and properties of a high dispersive annealing the samples at various temperatures, and
nitride ceramics o -BN, AIN and Si N*.In compa- recrystallization is observed when the annealing temperature is
rison with the heavy ions Fe Cu,M;,W) the at- above TR. The grain sizes of recrystallized films are dependent
tack by light ions (Li,B,C,Al) modifies more
significantly the structure and resistivityA on the annealing time.
inducing more thermostable coat.

The structure modification consists, generally, A9.32
of grinding the crystallite. up to formation of LASER PULSE TRIGGERING OF THE EXPLOSIVE CRYSTALLIZATION IN
an amorphous film with the thicknwss that AMORPHOUS Si AND Ge THIN FILMS. W. Marine and J. Marfaing,
equals approximately the ion range (-30 rm). UA CNRS 783, Facult6 des Sciences de L-ininy - Departement
The .. of coat increases at the depth of 300 to de Physique - Case 901 - 13288 Marseille Cedex 9, France.
500 rn. The first stage of triggering of the well known explosive

As compared to the starting materials with A crystallization is accelerated nucleation rate which gene-
10/J - I01"S growing dose from 101' cm ", to 10 , rates large heat flow necessary to induce the intermediate
cm- 2 results +in the decreasing surface's 'P, to melting. If in the ion implanted amorphous samples high
100; ,If C -implantation occurs in the regime nucleation rate can be explained by interfacial (amorphous-
of ion mixing, for Da10''cm-2 new phases are liquid-crystalline states) mechanisms, this nucleation is
synthesized as the flat cryStals, a purely thermal effect. Observed nucleation instabilities

reported In this paper give an experimental evidence of the
Post-implantation annealing increases the conduc- laser pulse length dependence of the nucleation rate.
tivity too, and allows to form the coat with the
controllable low The self-standing amorphous Ge and Si films has been crys-
ture coefficient of resistivity (up to 10-4, K tallized in situ in transmission electronic microscope by
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pulsed YAG laser (X = 0.53 pm, pulse duration - = 14 ns and clusters) states. The CEMS spectra for a sample containing
30 ps (FWHM)). Parallely, crystallization has been obtained 7 x 10' Fe/cm shows all the Iron to be converted to Fel +

by rapid electron beam irradiation in order to compare the after annealing for I h at 700'C and above.
different nucleation modes. Under nanosecond laser and jis
electron beam irradiation, a quasi-uniform repartition on The TEM results show the structure to be mostly y-AljO,
the nucleation centres has been observed. The morphologies after the 900C anneal and all a-Al,0, after the 1100'C
of the picosecond pulse crystallization is unambiguously anneal.
defined by i) the existence of an amorphous-like zone in the
central spot (at the crystallization threshold) or of a con- *Research sponsored in part by the Division of Materials
centric ring with same amorphous-like structure under higher Sciences, U.S. Department of Energy, under contract
excitation near melted zone ; ii) the significative decrease DE-ACO5-840R21400 with the Martin Marietta Energy Systems,
of the dendritic area at the periphery of the crystallized Inc.
zone, and subsequently the increase of the differently poly-
crystallized areas. The common particularity of the ps and A9.35
ns irradiation is the well defined crystallization threshold
for dendritic growth which is the result of competition QUALITATIVE MODEL FOR SURFACE RIPPLING OF ZONE MELTING
between polycrystalline light induced nucleation and thermal RECRYSTALLIZED SILICON-ON-INSULATOR LAYERS
explosive growth. The observatiorsare discussed in the Paul W. Mertens, Herman E. Mass, IMEC, Kapeldreef 75,
context of the heterogeneous nucleation theory. B-3030 Meverlee, Belgium.

In the low power regime of ZHR the recrystallized layers
A9.33 show a regularly rippled surface. These surface undulations

have considerably retarded the use of ZMR films for very-
HREM OF ELECTRON BEAM INDUCED AMORPHIZATION AND thin-film (0.lpm) SO1 processes. A better understanding of
PHASE TRANSFORMATION IN MoO, CRYSTAL. Shri R. Singh the underlying mechanism may help in reducing the magnitude
and Laurence D.Marks, Center for Radiation Damage of the phenomenon. In the present work, a possible qualita-
Studies, Department of Materials Science & tive model based on the interface energy equilibrium at the
Engineering, Northwestern University, Evanston, IL. *triple" line defined as the intersection line between the

solidification interface and the cap layer interface is
The desorption induced by electronic transition presented.
(DIET) from MoO, crystal surfaces was studied by a In the regime under study the solidification interface is

UHV high resolution electron microscope. It was believed to consist of rounded segments with deep cusps in

found that during the initial stages of desorption between which is typical for a cellular growth. The valleys
of oxygen from the surface generates number of of the surface ripples are believed to coincide with the

locations of these cusps. Consider now the interface energy
dislocations in the structure and with further loss equilibrium along the triple line in a plane which is
of oxygen the MoO3 structure collapses to an normal to this line. The liquid surface has a meniscus
amorphous like phase. The transformation to shape which is characterized by the typical 'meniscus
amorphous phase which is a metastable alternative angle* at the triple line. This is easy to imagine for the
polymorphic structure and does not require forward tip of the curved segments. It merely means that
interdiffusion of species is a direct manifestation the liquid surface has a positive slope as one looks into
of rapid desorption of oxygen. The orientation the scan direction. When considering points more closely to
dependence of transformation rate was investigated the center of a cusp, one can see that the liquid meniscus
in terms structural model. The necessary condition trapped between two neighbouring branches of the cusp be-
for amorphization is (1) large di.sparity in the comea smaller and smaller. In order to maintain the conti-

nuity of the slope of the liquid surface, eventually the
atomic diffusion rates of participating species and complete surface force equilibrium diagram (including the
(2) an absence of polymorphic crystalline solid silicon - cap interface) will tend to rotate down-
alternative as a final state. As irradiation dose ward. This implies also that the surface of the laterally
increases, the diffusional process lead to the growing cells will be pushed downward leading to a dimple
nucleation and growth of Mo microcrystallites of in the final film.
increasing size embedded in amorphous connective
tissue. The Mo has well defined orientation A9.36
relationship with MoO3 which is maintained
throughout the transformation. The whole process is PARAMETRIC STUDY OF THE ZONE-MELTING-
a continuous transformation consists of DIET from RECRYSTALLIZATION PROCESS OF SOI STRUCTURES.
tho surface leading to amorphization and subsequent Joseph Lipman, Tnnnig N_ Mianiin*, Mechanical

diffusional process leading to nucleation and Engineering Department, Tufts University, Medford,

growth of Mo. MA 02155; and Jim S. Im, Materials Science and
Engineering Department, M.I.T., Cambridge, MA 02139

A9.34 A numerical simulation of the Zone-Melting-

rHE EFFECTS OF ANNEALING ON THE STRUCTURE AND DISTRIBUTION Recrystallization (ZMR) thermal processing

OF CHARGE STATES OF IRON IMPLANTED INTO a-AlO, AT 77 K.* technique was developed. The finite difference

C. j. pcHargue . S. Sklad, J. C. McCallum, and C. W. White, algorithms used enabled the investigators to obtain

Oidge NaitTonal Laboratory, P.O. Box 2008, Oak Ridge, TN temperature distributions in thin

37831-6118; and A. Perez and. Merest, University Claude Silicon On Insulator structures. Effects not
Bernard, Lyon 1. Villeurbanne Cedex, France. usually treated by the existing analytical and

numerical solutions such as convective and

Implantation of iron into a-Al,03 at 77 K produces an radiative losses from the surface of the film,

amorphous state for fluences greater than about 3 x 1O1 phase change, temperature dependent thermal

Fe/cm. Conversion electron Mdssbauer spectroscopy (CEMS) properties, and significant optical property

was used to determine the distribution of the implanted iron variations during phase change were included in the

among various charge (valence) states in as-implanted and simulation. Different heat strip geometries and

annealed (in oxygen) samples. TEN and RBS were used to temperatures were simulated, and the results
obtained matched experimental observations. The

follow changes in the microstructure, parametric study focused on four different areas:

Iron in the as-implanted (amorphous) specimens was distri- i) the relationship between the temperature of the
buted among two Fe"+, two Fe' + , and the FeO (metallic heating source and the velocity; ii) the effects of

the non-linearities induced by the treatment of the
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thermal properties as temperature dependent; iii) A9.39
the effects of the natural convection beat transfer JMTA TARLZ STATES AND IREASE IN COBROSION -
from the structure to the inert gases typically
used as atmospheres during processing, and iv) the MECHANICAL oESIST.NE IN STEEEL T.= P ByAuah
heat conduction effects induced by the multilayer HIGH OWER INRUM .ar, V.Kttteh-
nature of the SOI structure to the temperature nare-ko, X.N.Shabanov, Nuclear Rsion institute,
distribution. Results of this study are presented 634050 Tomsk, P.O.Box 25, USSR A.K.Maksimov,
in graphical form and can be used by investigators Yu.L.esikov, V.M.YUgai, Tengireftega, Kulsary
to optimize ZMR processing. This research was department, Xaz.ASSR.
supported by NSF grant MSM-8817949 One of the promising w1Ta to improve operation

*author to whom correspondance should be addressed properties of struotur materials is to irradi-
ate alloy surfaces by high power ion beams(EPIN).
Today the method to evaluate material resistance

A9.37 to corrosion crooking under low rate deformation

THE EFFECT OF CHROMIUM IMPLANTATION ON THE FRACTURE of samples ( 10" to 16" s is being extensive-
STRENGTH OF Al,0O.* M. E. O'Hern, C. J. McHargue, ly developed. This method allows urgent Informa-
C. W. White, Oak Ridge National Laboratory, P.O. Box 2008. tion about corrosion ercoking abilities of inve-
Oak Ridge, TN 37831-6117, and G. C. Farlow, Wright State stigated materials or efficiency of protection
University, Dayton, OH 45435. methods when traditional methods oanot yield

valuable information or need longer time of ex-
The fracture strength of two orthogonally oriented single posure. Effect of HPYI exposure on hydrogen ora-
crystals of sapphire implanted with 1 x 101' Cr/cm

2 
(180 eking resistance of 45 steel has been investiga-

keV) was determined by four-point bend testing. The frac- ted. Changes in pbtysico-chemical surface proper-
ture strength Is increased by the chromium Implantation, ties were investigated using SIM, miorohardness
The effects of crystal orientation are addressed for both mAeaelnflmentf lHicromet), TIM and REM . Irradia -
the implanted and unimplanted states. tion chamber of the modified TONUS accelerator

was evacuated to 10 Torr, the beam parameters
The mechanisms responsible for the increase in transverse were j 3. 0.2 to 0.5 MeV, 3a 20 to 250 A/cm
rupture strength are discussed and correlated with other current density, . 60 to 80 no pulse duration
measured mechanical properties. Corrosion cracking tests were performed in a

hYdro son phide medium NACE, pHa 3, T w 294K,
Wth I x 10" 81 deformation rate . Results of

-Research sponsored by the Division of Materials Sciences, those tests evidenced increased corrosion resin-
U.S. Department of Energy, under contract DE-ACO5-840R21400 tanoe of investigated steel 45 after EPIB expo-
with the Martin Marietta Energy Systems, Inc. sure, j * 120 A/cm (number of pulses exceededS)

Amorphi atlon of a urface layer 1 was observ-
ed i. modifi ed sampsles.

A9.38

ION-IMPLANTATION INDUCED AMORPHIZATION OF CERAMIC A9.40
OXIDES.* D.F. Pedraza. Metals and Ceramics Division. Oak Ridge ION BEAM INDUCED CONDUCTIVITY CHANGES IN GLASSY
National Laboratory, Oak Ridge. TN 37831-6376 CARBON. Dougal McCulloch and Steven Prawer, Dept

A theoretical study of the mechanisms of ion-implantation induced of Applied Physics/Microelectronics and Materials
amorphization of ceramic oxides is conducted based on the hypothesis Technology Centre, Royal Melbourne Institute of

that the production of highly localized and strongly anisotropic Technology, G.P.O. Box 2476V, Melbourne, Victoria

distortions causes lattice destabilization and the consequent transition to 3001, AUSTRALIA.

the amorphous state, a-alumina is taken as a model system to develop a
detailed mathematical approach capable of predicting the kinetics of Glassy Carbon is produced by the controlled

amorphization. It is known from experiment that many metallic and noble thermal degradation of specific polymer-type

gas elements implanted at liquid nitrogen temperature to concentrations materials. Microstructurally it consists of a

less than 3% induce amorphization. The effect of implantation is first tangle of graphite-like ribbons or microfibrils.
studied at these low temperatures. It is moderately hard, chemically inert,

impermeable and biocompatible. Recent studies have

Two aspects of the implantation process are considered. One is the site shown that ion beam irradiation of Glassy Carbon

location and the other is displacement damage caused by the bombarding significantly enhances its wear resistance making
species. The oxygen sublattice is taken as the reference lattice, it a much more attractive material for
Irradiation is assumed to produce only vacancies and interstitials, of both bioengineering applications.
oxygen and aluminum, and also to displace already implanted impurities
from the sites they are located. It is assumed that aluminum can be As part of an attempt to understand the mechanisms
displaced into any of the available interstitial positions, but may not by which this enhancement occurs, the electronic
occupy oxygen sublattice sites. The implanted species is also assumed to structure of implanted GC has been investigated by
be able to occupy only interstitial sites. Oxygen can be displaced into any surface resistivity measuramens. Unirradiated GC
interstitial site depending on the level of disorder of the aluminum has a resistivity of 4.5*10

-  ohm-ca. Ion beam
sublaf'tice. As a con.sequence, randomization of the aluminum sub-lattice is irradiation of Glassy Carbon leads to an increase
first produced. The atomic mechanism leading to localized distortions is in the resistivity of the implanted layer of up to
assumed to be the accumulation of implanted impurities into tetrahedral seven orders of magnitude.
interstices. It is postulated that once this accumulation reaches a critical
value in a small region, amorphization of this region follows. The This ion beam induced increase in the resistivity
calculations yield a fast amorphization rate once the local impurity is concomitant with an increase in
concentration reaches a certain level. microstructural disorder as monitored by Raman

Spectroscopy. Both the Raman and resistivity

*Research sponsored by the Division of Materials Sciences. U.S. measurements suggest that the material undergoes
Department of Energy, under Contract DE-AC05-840R21400 with Martin an ion-beam induced 'transformation at damage

Marietta Energy Systems. Inc. levels of about 0.5 displacements per atom. At
higher doses evidence exists for an ion beam
induced annealing effect.
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SYNiHESIS OF NoS 2 PHASE IN THE NEAR SURFACE REGION OF STRUCTURAL AND THERMODYNAMIC PROPERTIES OF
A120 3  AND Zr02  BY ION IMPLANTATION.* A. K. Rai. AMORPHIZED Si FORMED BY MeV Si BEAM. S. Roordsa and
R. S. Bhattacharya and D. Patrizio. Universal Energy W.C.Sine FOM Inttute for Atomic a Molecular Phyi,
Systems, Inc.. 4401 Dayton-Xenia Road. Dayton. OH. Stmam FOM n te foAtemic and S. Dieke,Amnadani The Netl.erladr 1. M.L Poste D. C Jecobsm SiDer.r

Ion implantation has been widely used as a powerful B. S. Dennis, AT&T Bell Laboratories, Murray Hl NJ; P. Fuou

technique to dope semiconductor surfaces. Also, new AT&T Bell Laboratories, Holmdel, ; and F. Speepen, Harvard
materials have been synthesized through the reaction of University, Cambridge, MA.
the implanted species with the substrate. Not much work
has been done in utilizing ion implantation technique to Apart from its technological applications, amorphous (a) Si is of

synthesize new compound phases from implant constituent fundamental interest because it is de prototype of a covaently bonded
elements. This process can provide controlled d red olid. Implantation with IeV Si ion beam can be used to
incorporation of desired compounds in the near surface form a-Si layers which ae impurity and void fre In cotrM,
region of various materials. Surface sensitive properties deposited a-Si layers will generally exhibit internal surfaces an wil
of a particular material can thus be improved by choosing cont iuries from either the deposition process or inmdfuai
the proper compound. The implanted a-Si layers make it possible to study fundamental
The aim of this research work was to explore ion pete of a-Si, an especially vaitons in these properties as a
implantation technique to produce NoS 2 , a solid rem of annealing at modeteperatures.

lubricant, in the near surface region of A12 03 and

ZrO2  substrates. Dual implantations of No
+  

and S
+  

The a-i layers were formed by 28Si bombardments at energies as high

ions were performed in A12 03 and Zr02. The energies as 8MeV with the substrates held at 77K. Diffcta Scanning

of the implants were adjusted to obtain overlapping Calorimetry is used to detmine the energy stored in ft amorphou
profiles of No

+ 
and S ions. Rutherford backscattering network, and to invtigat te time evolution of structral relaxaon.

spectroscopy and Auger electron spectroscopy were used to R s is mployed to ca vibatl p r
determine the profiles of No

+ 
and S before and after

annealing. Formation of NoS 2  after post implant of a-Si in its different states of relaxation. The observed changes am

annealing was confirmed by transmission electron consistent with, but do totunambiguously prove, a decrease inaverage

microscopy. Preliminary results of friction and wear bond angle distortion upon annealing. Finally. X-ray dffacto shows
measurements on the implanted and annealed substrates will tha differences in aomic sructure am minly due to reordering on a
be discussed. distance scale of more than one bond length.

* This work was supported by the DOE, ECUT Contract No.

DE-AC02-88CE90026. A9.44

THE ROLE OF ION BEAMS IN CRANGNG THE STATE OF
A9.42 RELAXATION OF AMORPHIZED Si. S. Roorda and W. C. Sinke,

EFFECT OF 1-RADIATION ON PHYSICO-CHEMICAL PROPERTIES FOM Institute for Atomic and Molecular Physi, Amstert m, The
OF LANTHANUM COBALTATE (LaCoO ). B. Srinivas, Nethelnds; . HV. Pote, S. Diedrer, B. S. Dennis D.C. Jacobo
V.R.S. Rao and J.C. Kuriacose, Depattment of Chemistry, AT&T Bell Labontories, May Hill, N; and F. Spaepen, Harmd
Indian Institute of Technology, Madras-600 036, INDIA. University, Cambridge, MA.

The decomposition of H 2 02 on y-irradiated LaCoO3 has been A fundamental difference between amorphous Si prepared by Si
studied. Pre-irradiation of LaCoO3 in moist atmosphere implantation (amorpized Si) N 07tallin Si lies in the fact that the
leads to the formation of chemisorbed (surface excess) ordered crystal is well defined, were s the disordered amorpous stn
oxygen, transition metal reduction and enhanced catalytic allow for a range of different strucues. Consequently, many
activity. The enhancement in the catalytic activity is
directly proportional to the amount of reduced metal. propees of a-Si am variable and depend on thermal hisaory. The

transition from a staft with high internal energy to a low energy st is
The electrical conductivity of the sample pellets is kown as structa rlxaton and is accompanied by a ha release of
found to decrease with increase In y-dose. This Is attri- s kJ/mole.
buted to the trapping of charge carriers (electrons)
by chemlsorbed oxygen formed during y-radiatlon. X-band Structural relaxation is generally int preted as a decre in avea
ESR spectrum of y-Irradiated LaCoO gives two signals bond angle distortion in the amorphous nework, bu the role of ddct
g. = 2.047 and g, * 2.006 which a e assigned to the mob as floating nd dangling bonds, inersutials and vancies is
superoxide ion (0) X-ray photoelectron spectroscopy Unclear.
was employed to Avestigate the possible su face modi-
fications occuring during y-irradiation. No significant In this paper we show that rexed, amorphized Si can be brought back
change in the surface is noticed in LaCoO irradiated to its hg intl e 'unelxud' s by i with a
in vacuum and dry oxygen. However, sample irradiated o isg in a e, C, Si and Ge. Thirphnomon i at

in air and moist oxygen show the following changes. of MeV i sc as He C Si a Ge. T p o at

The 0 is region gives two peaks at 532.3 eV and substantially lower fluene than me necesary for amoTiration of c-Si
529.8 eV which are sissign d to chemlsorbed oxygen and has been fon to be due to nuclear rather than electronic energy
(0;) and lattice oxygen (0 -) respectively. The first losses. We will discu, in th context of tese relts, the relatinship
pe k +steadily decrease when the sample Is subjected between bond angle distortion and defects in a-S.
to Ar ion sputtering. The binding energy of Co 2p
shows a shift of 0.5 eV towards lower value. Thr
is also a brqpdening, of the peak which indicates A9.45
reduction of Co to Co- probably by hydrated electron C
produced during Y-Irradiation In moist atmosphere. Ar CONCENTRATION DEPENDENCE OF STRUCTURE AND CONTACT ELECTRON-
Ion sputterinJ increases the intensity of the Co 2p signal IC DENSITY IN IRON IMPLAINTED SILICON. Francisco t. Slnchez,
Implying coalt metae Ion se regation to the surface and Harcela B. Fernfndez van Raap, Departamento de Fleica,
during y-irradiation. Facultad de Ciencias Exactas, Universidad Nacional de La

Plata, La Plata, Argentina.

577* Mbsebauer data obtained from the Sil_xFex system pro-
duced by iron implantation into silicon, have been analyzed
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as a function of x in the .ange 0.001<x<0.40. X-ray diffrac transient diffusion between the random and channeled

tion results suggest a high disordered, probably amorphous,
system. It was found that both the M~ssbauer isomer shift implants. In this paper we discuss our results on basis of the
and the quadrupole splitting follow a logarithmic function different models for the transient diffusion mechanism. Our
of x with a change of slope in the vicinity of x-0.20,
which was associated with a structural transformation. From results support a model in which interstitial boron atoms are
the isomer shift data follows that the electronic charge the cause of the transient diffusion.
density at the iron nuclear site increases linearly with
ln(x) for x up to 0.20, and then decreases in the range A9.48
0.20<x<0.40.

RBS STUDIES OF DAMAGE BEHAVIOR IN SILICON INDUCED
These results are discussed interms of the type of atomic BY P2

+ IMPLANTATION. Yang Genqing, Lin Chenglu,
order, Si(Fe) band structure and electronic interactions, Fang Ziwei, Zhou Zuyao and Zou Shichang, Ion
and the character, attractive or repulsive, of the Si-Fe Beam Lab., Shanghai Institute of Metallurgy,
and Fe-Fe interactions in the system. Academia Sinica, Shanghai 200050, China
A9.46 The damage behavior of <100>-Si implanted with

P2
+ and P+ at equivalent energies were inves-

CHANGE IN MAGNETIC CHARACTERISTIC OF 301 tigated by 2MeV He+ backscattering and channeling
STAINLESS STEEL IRRADIATED WITH LASER AND ION analysis. Different incident energies (25-
BEAMS. H. Sanda , M. Takai, and S. Namba, 18OKeV) and intermediate doses (10 3-10l" ) were
Faculty of Engineering Science and Research used for the implantation with sample holder
Center for Extreme materials, Osaka University, being kept at a temperature ranging from 77K to
Toyonaka, Osaka, Japan. 483K. In each monoatomic-diatomic comparison,

the ion dose and the dose rate of P2
+ were equal

301 stainless steel has two stable phases in to half of those of P+ ions in order to keep the
room temperature, i.e., an austenitic phase total atomic number of the implants and the
which is a f.c.c. structure and nonmagnetic, energy deposition rate unchanged. It h.s been
and a martensitic phase which is a mixture of shown that the damage created by P2

+ implants
b.c.c. and b.c.t. structures and ferromagnetic. is always greater than that of P implants when
Cold-rolled 301 stainless steel foils, the dosage is below the damage threshold fluence
consisting of two mixed phases, were irradiated at which layered amorphization takes place, and
with laser or ion beams to investigate the furthermore, this damage enhancement phenomenon
magnetic modification accompanied with the is strongly related with implantation tempera-
phase transformations. The intensity of the ture. It has been shown also that the annealing
magnetic signals related with the magnetic processes of the samples implanted with P2

+ and
susceptibility of the samples decreased by P+ at doses near damage threshold fluence behave
irradiation with a focused Ar-ion laser beam differently. We attribute essentially the damage
from a laser power of 350mW to 550mW with a enhancement of diatomic ion implantation to the
beam spot size of 13.2 um (at 1/e intensity), effects of simultaneous cascades overlap and the
indicating that the martensitic phase was multiple collision between molecular fragments
transformed into the austenitic phase by laser and target atoms.
annealing and quenching. On the other hand,
the intensity of the magnetic signal of the A9.49
sample increased by implantation at 3 MeV with
Si ions, indicating that the austenitic phase INVESTIGATION ON MECHANISMS FOR ION BEAM INDUCED
was transformed into the martensitic phase at DEGRADATION OF POLYIMIDE. X.L. Xu, Zhou Zuyao,
the surface layer by ion induced stress. These Chen Lizhi, Zou Shichang, Ion Beam Lab.,
results indicates that the beam induced phase- Shanghai Institute of Metallurgy, Academia Sinica
change in 301 stainless steel can be applied to Shanghai 200050, China
read-only magnetic recording.

Three types of ions with different atomic masses
•On leave from Glory Ltd., Himeji, Hyogo, Japan (B, Ar, and As) were chosen to irradiate polyi-

mide films in similar conditions in order to
A9. 47 check the mechanisms of the formation of ion beam

induced damage in polyimide. A four-point probe

TRANSIENT DIFFUSION IN BORON ION IMPLANTED technique was used to measure sheet resistivities
of implanted films. An ion mass effect on con-

SI(100). R.J. Schreutelkam l , R.E. Kaim 2 , J.F.M. ductivity of ion irradiateo polyimide film was

Westendorp 2 , K.T.F. Janssen3 , j.J.M. Ottenheim 3 and F.W. discovered. The ion mass effect on ion beam
induced change of conductivity and on the energy

Sarisl;l-FOM Institute for Atomic and Molecular Physics, loss process of the ions in polyimide suggest
Kruislaan 407, 1098 SJ Amsterdam, The Netherlands;2- that the electronic energy loss of incident ions

is an important factor for the raise of conduc-
Vaan/Exton division,123BrimbalAvenue, Beverly, MA tivity of implanted polyimide, and the contribu-
01915, USA;3-Philips Research Laboratories, p.o. box tions of recoil ionization are restricted by the

80.000, 5600JA Eindhoven, The Netherlands grave damages as a result of nuclear energy loss
process of ioins in targets. Our hypothesis are
supported by the automatic spreading resistance

We have studied the transient diffusion behaviour of boron measurement of B+ implanted polyimide film coated
on silicon substrate. The results of this work

in silicon. The boron ions were implanted in Si(l00) at have been compared with the hypothesis of degra-

energies of 5 and 10 keV and at a low dose of Ixl0 13 /cm 2 . dation through direct knock on of atoms in polyi-
mide, proposed by D. Fink et al [Nucl. Instr. and

The implantations were done under both random and Meth. B32 (1988) 125).

channeled condition. The channeled implantations were done

along [100] direction. After RTA at a temperature ranging

from 9000C to 11 OOOC we observe strong differences in
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EVALUATION OF SURFACE EFFECT ON DISLOCATION SPATIAL DAMAGE DISTRIBUTION IN ELECTRON-SEAM PROCESSED
LOOP NUCLEATION Naoto Shigentaka, Tauneyuki GAAS-ALCAAS HETEROSTUCTRUES, EXPERIMENT AND THEORY. Doran
Hashimoto and Motomasa Fuse, Energy Research Laboratory, D. Smith, Tobin Finka , W. D. Braddock, U S Army Electron-
Hitachi Ltd., 1168 Moriyama, Hitachi, Ibaraki,316 Japan ics Technology and Devices Laboratory, Fort Monmounth, NJ

07703-5000, a) Permanent Address: New Jersey Institute of
Technology, Newark, New Jersey 07102, b) On leave from

Dislocation loop nucleation was investigated in type 304 Cornell University.
stainless steel under ion irradiation. The 3mm* disk
specimens (0.1mm thick) were annealed at 1200°C for 10
hours, and irradiated with 300 keV He* ions in the following The effect of electron beam irradiation on the trans-
ways. port properties of HEMT structures has been studied. The

Case I The specimen was electro-polished for TEM data is found to agree with a model containing no free
observation prior to ion irradiation (thin foil parameters which predicts the spatial extent and type of
irradiation case). damage. As grown HEMT material was fabricated into Hall

Case II: The specimen was irradiated, and then electro- bars. The material was then characterized by measurement of
polished from the unirradiated rear surface 2D EG number density and drift mobility. The material was

fore TEM observation (thick foil irradiation then irradiated at constant dose with electron energies
case). between 2.5 and 20 keY. Damage was assessed by changes in

Ion irradiations were performed in the damage-rate range the number density and mobility. The number density was
between 106 and 10' dpa/s, and temperature range between unchanged at all energies. No change in mobility occurred
300 and 450"C. for 2.5, 15, and 20 keV, however, a decrease in the mobility

occurred for energies from 5.0 to 12.5 keV. Experimental
Dislocation loop density was measured and the following data agrees with our theoretical model of the electrons
results were obtained, energy loss as a function of its' path length. Primary

Case I The dislocation loop density was proportional to energy loss mechanism for higher energy electrons, E > 1
damage rate, and the apparent activation energy keV, is ionization of the stopping medium, while for low

of dislocation loop nucleation was determined to energy electrons single-particle and collective excitations

be 0.8eV from the Arrhenius plot, become important. Low energy results are explained by the

Case 11: The density was proportional to the 0.66 power shallow penetration depth of the electrons. Lack of damage

of the damage rate, and the apparent activation at high energies is explained by low energy deposition rates

energy was 0.eV. in the neighborhood of the 2D EG, and the increasing remote-

These experimental observations were consistent with the ness, with respect to the 2D EC. of the high damage areas.

predictions of a rate theory-based model in which a di- The damage is explained in terms of the creation of single

interstitial was assumed to be the nucleus of a dislocation loop Frenkel pairs, and thus is analyzed in terms of a single-

and point defect flow toward the surface was included, vacancy and/or interstitial atom. After RTA at 450C for 30
seconds, the damage effects were reduced or eliminated.

A9.51 A9.53

STRUCTURAL ANALYSIS OF METASTABLE PHASES IN
INTERMETALLIC ALLOYS PRODUCED BY ELECTRON ION IMPLANTATION INDtUCED EFFECTS AT POLYSILICON GATE

IRRADIATION AND NON-EQUILIBRIUM PROCESSING. FEATURE EDGES. M. G. Stinso '. .Lm . and C. M. Osbn I:
W. Sinkler and D.E. Luzzi. Dept. of Materials I \licroelectroicsCcnicrofNorthCarolinsAMCNC.P.O. Box 12889. Research

Science, University of Pennsylvania, Philadelphia, Tnanglt Park. North Carolina 27709" - Dept. of Electical and Computer

PA 19104-62 72. Engineenng. North Carolina State Unversty. Raleigh. North Carolina 27695-
7911.

Electron imaging and diffraction are used to
characterize and contrast the structures and
microstructures of metastable intermetallic phases Recently. an enhanced leakage associated with ion implantation at polysilicon
formed during electron irradiation and after gate edges has been reported (1). in this study. TEM and SIMS characterzation
quenching. Intermediate structures are formed have been done to supplement elecmcal measurements n Order to bettr under-
during the early stages of electron irradiation stand the degradation. SMS, XTEM. and TR M analyses of arsenic implants
induced amorphization in Cu-Ti intermetallic through 7 = late oxides show considerable ion mixin. A roughening of the
alloys which display a marked structural underlying silicon substrate leads to asperities which are believed to play an
anisotropy. A similar observation has been made important role in enhancirig leakage (2). XTEManalysisofa poysilicon gate
in quenched-Cr-Ti where the diffuse scattering edge also reveals the effects of volume expansion assocated withhe incorpora-
from the quenched-in phase bears a striking non of both dopant and knock-on oxygen.
resemblance to the diffuse scattering seen prior
to amorphization in the Cu-Ti alloys (all of these
phases are bcc-based structures). It has been
reported in the literature that this quenched-in 1. M. Stinson. and C. Osbum. submied for publicaton.
metastable Cr-Ti phase undergoes a spontaneous
structural relaxation into the amorphous state 2. D.J. DiMana. and D.W. Dong. J. App Phys.. Vol. 51. No. 5. (1980).
during sub-eutectoid temperature anneals [1). The
interesting question as to the structural
relationship between the pre-amorphized Cu-Ti A9.54
phase and the quenched-in Cr-Ti phase is PAST TRANSIENT ANNEA ING OF NEUTRON
addressed. The dependences of these structures on TRANSMUTATION DOPED InP. F.P. Korshunov,
the processing parameters (dose, quenching E.A. Kudriavtseva, N. A.S obolev, T.A. Prokhorenko,
conditions, temperature) are characterized using N.G. Kolin. Institute of Solid State and Semiconductor
electron diffraction and conventional and high- Physics, 220726 Minsk, ul. P. Brovki, 17, USSR
resolution imaging.

Indium atoms have a very large capture cross section
1. A. Blatter, K. von Allmen and N. Saltzer, J. for thermal neutrons. This leads to the necessity of
Appl. Phys. 62 (1987) 276-280. performing neutron transmutation doping (NTD) of A Bt

semiconductors with A -In in the Shape of wafers a d 5

not of ingots. The roit convenient procedure of radia-
tion defect (RD) removing In the bulk of single wafera
is the fast transient annealing (F'TA). In the paper we
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present investigations of defect annealing and impurity 100 keV implantation (typically 100 - 200 um). At doses exceedling a
activation in NTO lnP in the course of PITA by means certain threshold dose blisters were observed on the sample surface. It
of tungsten halogen lamps. lnP crystals with NTD level was found that blistering starts as soon as the nitrogen peak concentration
of 7. E17 cm-3 have been used. Photoluminescence reaches that in the nitrogn-richest nitride. i.e.33 at.% N for Fe (FC2N)
(PL) and Hall effect measurements have been performed arid 5O atL% N for Ti (TiN).
at 4.2 K end in the range 77. ..300 1<, respectively.

At PA tmpeatues ~6O 0 CP emrsadcrir FWIurter mrirde PreciPitation was studied as a function of temperature
At FA tmpeaturs T 60 C P emrge andcarier dining implantation. RBS was used to follow the evolution of the nitride

concentration n starts to grow monotonically. The PLt concentration Profile as a function of dose and XRD was applied to
spectrum consists essentially of two broad bands - an moni~tor the different nitride phases formed. XRD was also used to

excion andwiththeintnsit 1(x) nd dnor acep-measure the residual stress before and after implantation, by using the d -

tor recombination band 1(da). The ratio R-l(da),/ I(e6) si1 mehd lhuhlrevlm hnpdpbnahtesml

and n increase simultaneously and saturate at 9 .750 C. surface, associated with high dose (>5 x 10 /cm!) MeV implantation,

The absolute value of I(ex) rises, up to T&800 C and could in general induce large stress fields, only small changes in stress
then starts to drop. The elec on mobility p increases were observed, both for Fe and Ti. For all different implantation

wih i herag 60...5 Crapidy nda Ts 0  conditions un upe limit of average stress change in a surface layer of

only slowly. The values of R, I(ex), n, M and of com- about 2pmiwas found to be 10 MPa.
pensation ratio obtained under optimum PTA conditions
are the same as in the case of standard furnace A9.57
annealing under equilibrium phosphorus vapour pressure. CHARACTERISTICS OF METAL-p*-GaAs SCHOTTKY

The processes of defect annealing and electrical act!- BARRIER JUNCTION FORMED DY FOCUSED- ION -BEAM

vation of the main transmuted impurity Sn are discussed. IM4PLAN~TATION Nnbun Watanabe, Takeo Tsukamoto
and Masahiko Okunuki, Canon Research Center, 5-

A9.55 1, Morinosato-Wakamiya, Atsugi-shi, Kanagawa,
Japan

=MS1' OF WEP~ SURFACE JZ.TI. OilTU1'3 1'AAT
A= E-RC3I?; RMST0- OF PU WSPRAY=- Cg~jaMC COLTI1rS. We have investigated to form a metal-p*-GaAs
Jia-Shu sun, Tianjin istituts of Tochnoloff, 1ton*G Qi Nan Schottky barrier junction for our new cold
Roa~l, ran K~ai District, Tianjin 300191, Peoples Rtepublic cathode (GA8 avalanche type) '), which has a
Of China, small p*-region fabricated by focused-ion-

Alumina and zirconia powders were Plasma sprayed onto gan- beam (FIB) implantation. The sample is

blasted steel subatractes using a crssez'i&I Eo~w rc Be(lxl016atom3/cm3) doped epitaxial layer grown
plarma-sprayelnit. A 2K9 00, continuous wave laser was used by MEE on 7'off-sliced (lO0)GaAs wafer. The

'to treat some of, pawns-sprayed specimens. The micro-. conditions of accelerating voltage, ion beam
mnorpholoey, microstruoture and crystalline characters of diameter and current density are 4OkV(Be"'),
laser relted ard unprocessed plasma-sprayed ceramic oea- 0.2Lm and 0.4A/cm2 , respectively. After the
tings.vere ' .xxmined with electron microscope anld X-ray implantation, the Sample is encapsulated with
diffractometer. The solid particles erosion tests were S102 and annealed at 850*C for 1-mmn. Thin
carrie cut in a rotating blade-wheal typre erosion Aluminum film is evaporated to form the Schottky
equipment. Quartz sand of 150 to 2foCr in diameter was barrier junction. The Schottky barrier heights
used as the erodent. The particl*% impact velocities from decrease gradually from 0. 62 to 0.5 6V and the
30'to 73M/s were used. Results of this study have shw ideal factors increase from 1.09 to 1.19,
that laser surfacs melting haa produced microstitature folwn h oe rm 821012  t
abe&m and sipificant improvement in solid particle a2 areoin reasonablerm t

siont resistance of plasma-sprayed ceramic coatings. Eho 2xl0l4ions/cm2. These phenomena aeraoal
aion mechanisms of ceramic coatings were inveatiCated. variations for the Schottky barrier junction in

the high doped region. It is confirmed that the
In plasma spray process, the coating is buil up particle Schottky barrier junction can be formed on the
Iy Particle; each Particle io frze beor th next p surface under the FIB implantation with the high
tides ~zrivss Iis zeffata in a lq-wx atrot=* an current density.
Po~osity Of the Plasm sraecQ coatin,;ss tberefor, tlhe 1)Second International Conference on Vacuum
5Zosio'n flChaniems axe mainly =icro-lazzellc pellinG. Microelectronics, July 1989, Bath, England.
L.ase - =PtinC resulted in coalesoence and porosity reduc-
tion --f plamns-sprsyed ceramic coatings, tharef or, increa- A.5
sinG !M1rdneso and erosion resistance of the oersmio coa_.9.5
tings. STUDY OF Hf DIFFUSION IN a-Zr USING RUTHERFORD

BACKSCATTE ING SPECTR METRY. F.Dynfl M.Behar2.
&9.56 P.L.Grande , E .Savino?, and F.C.Zawislakl.

MICRSTRCTURL AALYJ~ O 1 EV NTROEN ) Comission Nacional de Energia Atomica, Buenos
IPLATEDTUA FEANLTISURFOFEI AMEV NITGE~gN Aires, 2) Instituto de Fisica, UFRGS, 91500 Porto

F.W. Saris. FOM-Institute for Atomic and Molecular Physics, Kruegr, Bas .1

407., lOIJsedmTh teins N.. _d PrsThH. The diffusion of impurities in Zr and Zr alloys is

Unist fr ~ Thogy, Ronerdamseweg 137. 2628 AL Dec% The of importance in Iuclear technology. ale ok

Nethertands have shown anomalous diffusion behaviours; in a-Zr
as well as in the ci-phaseo of the other group IV A

Nfvi planl~ttionl is a well known technique to modify trblgCl elements, Ti and Hf. A recent study of self dif-

prpri ofmetal surfaces. Up to now for this purpose mostly mejium fusion in a-Zr single crystal 1 showed an Arrhenius

seery, tyicly 100 keV, nitrogen Iem are used. in this perwwll plot curved downwards with decreasing temperature,

foc thn application of I MeV nitrogen beam, which mrodify much corresponding to an increase of the activation en-

thicker sufisce wlonstdon 100 keV beamst. nergY (Eat) from 1.2 eV at about 1100 Kt to 3.5 eV

at 10 K. More recently the diffusion coefficients
It is shows thatie hardness increment due to IMaY implantation is of 'Fe impurity in u-Zr s8ingle crystal were meaau-

much howge dha dint due so 100 keVi hatdon. This may be usibuted rd in thet some range of temperatures. Again a si-

to thes formation of niUldeS (asos" e ihXD hc r milarly curved Arrheniua plot was obtained, but the

distuibud over a much Iare depth (typically I Mim) than t mae of
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diffusion coefficients of Fe are 108 times larger stick and the data show that neon promises to be the best
than the self-diffusion ones. choice for removal of adsorbed species at the lower surface

temperatures. The results also indicate that thermal

The present contribution reports on measurements mechanisms may be important in the removal process when
of the diffusion coefficients of Hf in n-Zr single surface temperatures reach 25K.
crystal via the RBS technique. Films of 200 i have

been deposited on Zr and ennealed at a pressure of A10.1 ABSTRACT NOT AVAILABLE
10- 7 Torr. Our preliminary results also display a

curved Arrhenius plot, the Eat increasing from

about 0.5 eV at 1100 K to 2.5 eV at 800 K. In ad- A10.2
dition our data show that at 1100 E the diffusion

coefficients of Hf are a factor 102 smaller than FREEZING IN CSILICON AT LARGE UNDERCOOLING

the self diffusion, but at B00 K both are equal. &.olman, P.A. Stolk and WC. Sinke, FOM.INsitute AMOLF,P.O. Box 41883, 1009 DR Amsterdam, Ile Netherlands

1. J.Horvath et al., J. Nucl. Mat. 126 (1984) 206. WehavestudiedthemotionofaSiiquid-solidintfaceunderconditions
2. H.Nakajima et al., Phyl. Mag. 58B (1988) 319. of extreme undercooling. From measurements of the interface response

function, which relates the freezing velocity to the temperature, it was

A9. possible to discriminate between kinetic models describing freezing in
. T 9 IA1 crystalline silicon (c-Si).

COOPERATVE SBAVIO5 IN hN ELECTRON STZNUZATZD Tl-

ba-Ca-Cu-O SU IRCONDUCTOR. J. P. Zhang and L. High-energy ion implantation was used to produce amorphous Si layers

D. Marks, Center for Surface Radiation Damage buried in a c-Si matrix. These structures were iradiated with a pulsed

Studies, Department of Materials Science & ruby laer. Transient reflectivity and conductivity measurements as well as

Engineering, Northwestern University, Evanston IL channeling and cross-section TEM show that the buried layers can be

60208. crystallized via "epitaxial explosive crystallization". Crystallization
velocity data were obtained using transient interference techniques and

In this work we present an instantaneous phase intetemperturswrivedftommputer silation.

transformation observed in TlBaCaCu,01., which is The data show that the crystallization rate is remarkably consunt at - 16

produced by electron beam irradiation at 300 kv m/s over the entire temperature range from 150 to 225 K below the

when the beam flux reaches 100+15 A/cma . The equilibrium melting point of c-Si. These data are compared with transiion

remained products had been identified as CaCuO. and state theory (TST), diffusion limited freezing (Wilson-Frenkel) theory and

BaO by means of high resolution electron a recent theory which takes into account the large density difference

microscopy. The volume change and exhaustion of between solid and liquid Si (P.M. Richards, Phys. Rev. B38, 2727

thallium from the transition area occurs in less (1988)).

than 1/30th of a second indicating a cooperative Best agreement between theory and experiment is found using the latter

behavior in the electron stimulated (Tl-O)2 blocks, model, which suggests that local transient density fluctuations at the

These results have been analyzed by treating the freezing interface influence solidification on an atomic scale. A Wilson-

ground and excited states in an ionic crystal as Frenkel type formulation or a TST with an activation energy for the

the two states required in a Ising problem, then transition state of 0.6eV are alternatives which however do not fit the dam

using the Bragg-Williams approximation to give a as well. An important implication of all three models is that the interface-

statistical estimation of the possibility of a limitedfreezingvelocityinc-Sicanneverexceed-16-18m/s.

phase transition. This theoretical model predicts
the existence of a flux threshold, which is in A10.3

qualitative agreement with TRANSIENT CONDUCTANCE MEASUREMENTS OF SO-

the experimental results. LIDIFICATION VELOCITIES OF ELEMENTAL METALS.

Harry A. Atwater*, J.A. West, Patrick M. Smith, Mj.LAziI

A9. 60 Division of Applied Sciences, Harvard University, Cambridge

THE INTERACTION OF INERT GAS IONS WITH ASORBATE-COVERED MA; J.Y. Tsao and P.S. Peercy, Sandia National Laboratories,
CRYOGENIC SURFACES. Parca N.Goo, John Ii. Lindquist,

Oaryl L. Mossman, Gencorp Aerojet Electrosystems Co., P.O. Albuquerque NM; and Michael 0. Thompson, Department of

Box 296, Azusa, Ca. 91702 Materials Science and Engineering, Cornell University, Ithaca

NY.
We have performed nanosecond-resolution measurements of the

We have studied the interaction of inert gas ion beams lateral electrical resistivity of metal thin films on insulating sub-

with adsorbate-covered, cryogenic optical surfaces.

Parameters necessary to optimize removal of different strates. Although the change of resistivity on melting of metals

adsorbates from Beryllium and gold-coated substrates 
will be is much smaller than in Si, it is large enough to be detected by

presented. Mechanisms for the ion-adsorbate interaction and the transient conductance technique.

removal process will also be discussed. The experiments Comparison of transient conductance measurements with opti-

cover a range of ion beam voltages, currents etc. for neon, cal reflectivity measurements and heat-flow calculations permits

argon and helium with mirror temperatures ranging from room the etertion oea poriin and eloc alplana prys

temperature to 25K +/-5K. Adsorbate species include water, the determination of the position and veocity of a planar 
crys-

anonia, hexane and variable mixtures of these gases. All tal/melt interface during pulsed laser melting of metals such as

ion beam experiments were performed in an ultra-high vacuum Al, Ni, and Fe. This diagnostic should be useful in a number of

system, with a base pressure of I x 10-10 torr. During the techniques of solidification processing of pure metals and allos.
ion bombardment the pressure rose to I x 10" torr. "present address: MS 128-95, California Institute of Technology,

Adsorption and removal were monitored by X-Ray Photoelectron Pasadena CA.
Spectroscopy. Ion-adsorbate reactions were also studied as

a function of angle of incidence of the beam.

On reactive surfaces, such as Beryllium, argon ion

beams were found to induce chemical reactions as low as

160K. As expected, at the lower temperatures argon gas

condenses on the mirror surfaces. However, if these argon

ions were provided with sufficient kinetic energy, e.g. SkeV

the adsorbed gas could be removed. Neon and helium did not
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A1O.4 most metals, the reflectance of Cu-Zn alloys increases upon
OBSERVATION OF PULSED LASER-INDUCED MELTING melting. This novel behavior decreases the energy

absorption upon melting, leading to well controlled molten
OF SOLID SURFACES BY OPTICAL SPIN ORIENTATION. layer thicknesses over a wide range of laser power without
A. aterlaus. M. Lutz. D. Guarisco, M. Aeschlimann, M. Stampanoni, laser-induced damage. This feature, combined with the
and F. Meier, Laboratorium fur Festkdrperphysik, ETH Hdnggerberg, several distinct phases (stable and metastable) in Cu-Zn,
8093 Zirich, Switzerland. offers a unique opportunity to study competition between

resolidification of the initial phase and nucleation of
Critical laser pulse energies for melting solid surfaces are accurately metastable phases.
determined using the method of optical spin orientation. In this experiment
elections are optically excited to a spin-polarized final state.The polarization Melting and solidification were studied for i-brass alloys
is given by the symmetry of the lattice. Upon melting, the structural (61 to 66.5 wt.% Zn) and P-brass (45.5 wt.% Zn) irradiateddisorder reduces the spin polarization to zero, By measuring the spin with 30 ns pulses at 694 rim. Melting was observed above
polarization of optically oriented photoelectrons information on the wt0 ns puls es t imel t w obsee aoestrucwxral orderof athin surface sheet (10 -20k b)ibaled. -1.0 and 3.0 J/ca 2 , respectively, for the two phases. The

(-2 son. absorbed energy was measured calorimetrically and the
increased reflectance of the liquid was used to measure the

Melting of the sample surfaces was achieved using laser pulses of 20 s melt duration. The large difference between solid and
and 70ps duration. For Sn the polarization vs. pulse energy showsastep- liquid reflectances, e.g., from 0.83 to 0.89 for -y-brass
function like behavior for both pulse durations with the discontinuity at the with 66.5 wt.% Zn, yielded a well-defined melt onset and
melting temperature. From the similarity of the two curves it is concluded termination in the transient reflectance signature. These
that the structural disorder is established on a time-scale short even with
respect to 20 ps. Positive ion emission starts at pulse energies close to but measurements, combined with the known thermodynamic
slightly below those where the drop of the polarization occurs. parameters, permit quantitative characterization of thesurface melting. In addition, microstructural (TEM)

An analogous experiment on p-doped Ge shows a qualitatively different analysis of the phases which solidify will be presented.

dependence of the polarization vL energy for the 30 ps and 20 ns pulses. This work supported by the U.S. Department of Energy under
Whereas for the 30 ps pulses the polarization is still at its low-intensity contract number DE-AC04-76DP00789 and by a Faculty Research
value at the onset of positive ion emission, the polarization of the electrons Travel Appointment from Associated Western Universities.
excited with 20 ns pulses vanishes for energies an order of magnitude
lower than necessary for melting. Structure-unrelated electronic processes
of as-relaxation time are responsible for this phenomenon. A1O. 7

LASER MIXING OF TITANIUM ON SILICON CARBIDE. T.
AlO.5 R. Jervis, J-P. Hirvonen, M. Nastasi, and M. R. Cohen,

SUB-MELTING LASER INDUCED GRAIN GROWTH. . Materials Science and Technology Division, Los Alamos

Aia. , C.V. Thompson, Department of Materials Science National Laboratory, Los Alamos, NM 87544

and Engineering, Massachusetts Institute of Technology, We have used excimer laser surface processing to melt and
Cambridge, MA. mix single Ti layers into the surface of polycrystalline SiC sub-

strates. The mixing of Ti into the surface is very rapid and
efficient. Examination of Rutherford backscattering (RBS)

The control of the microstructure of polycrystalline data shows the formation of a preferred composition at the Ti-
semiconducting thin films on insulator is of importance substrate interface which propagates from the interface with
in establishing their electrical properties for several further mixing. Reconstruction of the RBS spectrum indicates

device applications. In this study, grain growth is that a uniform layer of composition Ti4sC 37Siis is formed on the

thermally induced without melting by a CW Ar-ion laser surface with full mixing. X-ray diffraction demonstrates the
formation of crystalline phases of Ti silicides and possibly

(X-0.5141Lm) in 1000A CVD deposited polysilicon films carbides. Profiling of C in both mixed and uncoated samples
encapsulated by Si 3 N4 . With irradiation times on the by 5 MeV He* scattering demonstrates that laser processing of

the SiC does not cause major changes in the stoichiometry oforder of minutes, it is shown that it is possible to the substrat material.

create and determine a steady-state temperature below

melting, within the regime of grain growth. A10.8

TEMPERATURE MEASUREMENT BY INFRARED TRANSMIS-
A thermal model is developed to account for grain sizes SION FOR RAPID THERMAL PROCESSING APPLICATIONS -
seen at different laser powers. A direct relation is c S turm P.V. Schwartz, and P.M. Garone, Dept. of Electrical

found between incident beam power and the Engineering, Princeton University, Princeton, N.J. 08544

steady-state temperature achieved within the film. We here report a new non-invasive optical technique for the

The fit to experimental data is excellent. measurement of absolute temperature of silicon wafers in a rapid
thermal processing environment. Absolute measurement of tempera-

The ability to reproducibly create a desired ture has alway been a difficult problem in rapid thermal processing
systems. The traditional method, pyrometry, can give different

temperature in a small region can be used to tailor the results depending on what emissivity is used, and extreme care must
microstructure of individual devices containing be taken to avoid measuring radiation from the lamps. Pyrometry
polycrystalline layers. becomes even more difficult at low temperatures (600 - 700°C) since

longer wavelengths are required. The problems are compounded
A1O.6 when a quartz-walled chamber is used to contain a reactive gas

PULSED LASER MELTING OF INTERIMEDIATE Cu-Zn PHASES. species, as in epitaxial growth applications, because quartz is fairly

p. m. Follstnedt and P. S. Peercy, Sandia National opaque to wavelengths beyond 3 um.
Laboratories, Albuquerque, NM; and J. H. Perepezko, It is well known that as temperature increases the bandgap of
University of Wisconsin, Madison, WI. silicon decreases and that its Infrared transmission decreases.

Because of the Indirect gap, the absorption changes fairly gradually

We report quantitative studies of rapid melting and with photon energy at a fixed temperature. We have used these

solidification in the Cu-Zn alloy system. In contrast to principles to measure silicon wafer temperature in a RTP system
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with quartz walls by monitoring optical transmission at 1.5 urn. confirmed by XRD-measurements. The results of both macroscopic
Modulating the light at high frequency makes the system immune to and microscopic analysis are combined to discuss the nature of the
interference from the heating lamps. We now use this method for ohmic contacts in terms of possible conduction through a formed
routine temperature monitoring from 400 to 800°C, with resolution graded-heterostructure.
on the order of one degree centigrade. Other temperature ranges are
accessible with different wavelengths. Data for low temperature A10.11
(<80O°C) growth rates of epitaxial silicon and silicon-germanium MELTING OF ION IMPLANTED AND RE-
using this system will be presented. This work has been supported LAXED AMORPHOUS SILICON M.G.Grimaldi
by NSF and ONR. and P.Baeri, Dipartimento di Fisica, Corso Italia 57,

195129 Catania,Italy; G.Baratta, Istituto di Astronomia,
A10. 9 viale A. Doria, 195100 Catania, Italy
METASTABLE GE-SN ALLOY LAYERS PREPARED
BY PULSED LASER MELTING. I.T.H. Chana. B. The melting temperature of ion implanted and re-
Cantor, Department of Metallurgy and Science laxed amorphous silicon has been determined. Structural
of Materials, University of Oxford,Parks Road, relaxation was induced by thermal treatment at low tem-
Oxford OXI 3PH, UK; and A.G. Cullis, Royal perature (300, 400 and 500 °C) and was evaluated from
Signals and Radar Establishment, St. Andrews the Raman linewidth of the transverse optic phonon in
Road, Malvern, Worc. WR14 3PS, UK. amorphous silicon. Pulsed laser irradiation (A=347nm,
Ge has a diamond cubic crystal structure while r=20ns) has been used to induce surface melting in the
SGexiss inbotthe diamond cubic a str e we amorphous layers and time resolved reflectivity to detectSn exists in both the diamond cubic(ax) and body temligost h hesodeeg est o
centred etragonal (P) allotropic forms. The the melting onset. The threeshold energy density for
centrd solubitieagon een allotoi f r. Tery surface melting in the as-implanted amorphous is 10%
smaill according to the equilibrium phase diagram. lower than that of the relaxed one. Since this threeshold

This paper describes an investigation of the depends on thermal conductivity we have precisely deter-
manufacture of metastable crystalline microstru- mined this parameter and a unique value of 0.013 W/(cm
ctures in Ge-Sn alloys, using a variety of novel K) was found for both as-implanted and relaxed amor-
processing techniques. The main technique which phous silicon. A comparison of the experimental results
has been studied is pulsed laser melting and with heat flow calculations directly yields a melting tern-
this has been compared with other techniques, perature of 1450±25 and 1600±25 K for the as-implanted
including melt-spinning and thermal co-evaporation, and relaxed amorphous silicon respectively. The differ-
Cross-sectional and planview transmission electron ence in the melting temperature is consistent with the re-
microscopy have been used to characterise the duction in the internal energy of the relaxed amorphous
microstructures of the different Ge-Sn alloy as extimated from Raman spectrometry.
samples, with alloy compositions determined by
energy-dispersive x-ray microanalysis. The variety
of different metastable Ge-Sn alloy microstructures All 1
are discussed in details as a function of MARTENSITIC TRANSFORMATIONS IN ION IMPLANTED
manufacturing technique and processing conditions. STAINLESS STEELS. R. Johnsn, Physics Laboratory, University

A10. 0 of Copenhagen, Denmark.

Using ion implantation it is possible to induce martensitic trans-
CIIAItACTIERIZATION OF PULSED LASER BEAM MIXED formations in austenitic stainless steels, where the implanted layer
AuTeGaAs OIIMIC CONTACTS. K. Wuyts, R.E. Sierans,
Phys.Dept. K.U.Leuven, Leuven; and M.Van hlove, M.Van Rossum, will undergo an fcc (-) = bcc (a) transformation. The paper
Iteruniversity Microelectronics Center, Leuven, Belgium. will review the various contributions to the driving force for the

transformation. Stress provides the dominant contribution, while
The formation of AuTe ohmic contacts on GaAs by pulsed laser beam implantation-induced alloying only plays a significant role, when
mixing has been studied. Ntelallization of the GaAs was done by the composition obtained in the implanted layer directly favours
successive deposition of 500 A Te and 1200 A Au films on (100) w
oriented GaAs by resistive heating evaporation. Laser beam mixin of formation of martensite. Implantations with noble gases - includ-
the layered structures was performed by focussed, visible as welf as ing helium - therefore provide very high transformation efficiency.
UV pulsed Nd:Yag-laserlight using single and multiple pulses with The transformations resemble conventional martensitic transforma-
power densities (Pd) ranging from 40 MW/cm 2 to 800 MW/cm 2 per tions in stainless steels. Low nickel steels such as AISI 304 and 316
pulse. For comparison, short-time furnace alloyed (t=15s) contacts transform easily during implantation, while no transformation is
were prepared in a graphite strip heater at alloy-temperatures
300"C S Ta < 550"C. observed in high nickel steels such as AISI 310.
The transformation from Schottky to ohmic type contacts as a The martensite content of the implanted layer and its extention
function of Pd, number of pulses or alloy-temperature was monitored in depth has been studied with several depth sensitive techniques:
by I-V measurements; the development of the interdiffusion of the Cross-sectional TEM, energy selective CEMS and RBS/channeling
contact constituents was observed by RBS-analysis using a
3 MeV He- beam. The onset of ohmicity, reap. for 5 pulses of analysis of single crystals. Formation of martensite starts at the
Pd x 40 MW/cm 2 and for Ta -- 500"'C, was governed by a similar surface and extends to larger depth with increasing ion fluence.
interdiffusion behavliour, the laser beam mixed contacts however The extent of the transformed layer coincides with the tails of the
showed a strikingly narrower intermixed layer. The minimum values implant distributions, and the "y/a interface is rather sharp.
of the contact resistivities for the laser beam mixed AuTe contacts
were equivalent to the furnace annealed AuTe contacts (as well as to
identically processed AuGe contacts) ; however the morphological All.2
,Wait- .the laser contacts was far superior. HARDNESS-DAMAGE CORRELATIONS IN To IMPLANTED
A microscopic Maubauu spectrosopy characterization revealed the SINGLE CRYSTAL Ni 3A1. fGary RWan, Departments of
formation of Au-doped Ga2Tea structures; the doping level
distribution was critically dependent upon the Pd- or TA-values at Nuclear Engineering and Materials Science and
conditions around the onset of ohmicity. These observations were Engineering, University of Michigan, Ann Arbor,MI;
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and S.Mantl, Institut f 0 r Schicht-und 350"C. The irradiated specimens were observed by transmission electron
Ionentechnik, KFA Jfilich, D-5170 Jillich, FRG. microscopy. As expected, the kinetics slow as the temperature is

increased. The fraction of material that becomes amorphous after
Implantation of Ta into single crystal Ni 3Al was irradiation at 250"C to a dose of 0.7 dpa is estimated to be 5 to 10%.
conducted to determine whether this would be an Specimens irradiated at higher temperatures remain crystalline, even after
effective means of producing surface hardening in dons as high as 4dpa.
monolithic alloys. Ta was implanted at 400 keY to Prior to irradiation, the specimens were given a thermal treatment which
doses of 0.7, 3.6 and 25.2 x 1015 i/cm2 along the produced a high volume fraction of martensite. However, martensite
<100> axis of a <100> crystal of Ni 3Al at room entirely reverts to B2 within less than 20 minutes upon annealing at
temperature. Composition vs depth profiles were S0C. Thus, during irradiation at temperatures of 80'C and above, all the
made using RBS and lattice damage was analyzed specimens were entirely austenitic. Irrespective of the irradiation
using ion channeling. Surface hardness was temperature, we found a very non-uniform distribution of amorphous
measured using the ultra-low load indentation regions that exhibited a morphology closely resembling the shape of prior
(nanoindentation) technique. Results show that the (or, at room temperature, present) martensitic plates. These observations
implanted surface is softer than the unimplanted are discussed in terms of the effect of structural defects on the kinetics
surface (by 5-10%), and the hardness profile is of amorphization.
extremely uniform over the depth of implantation
(<90 rn). The minimum yield increases from 3% to Research sponsored by the Division of Materials Sciences, US.
about 30% and the half angle decreases from 0.74" Department of Energy, under Contract DE-AC05-84OR21400 with Martin
to 0.66*. However, neither the surface hardness Marietta Energy Systems, Inc.
nor either of the channeling parameters show any
dependence on dose even though the highest dose is
a factor of 35 times the lowest. Following All.5
annealing at 1000"C for 1 hr, the surface hardness EXTENDED SOLID SOLUTION FORMATION IN THE TI-CO-NI
increases slightly over the as-implanted samples, SYSTEM. David A. Lilienfeld and P. Bergesen
the minimum yield recovers to 3-5% and the half- Cornell University, Ithaca, N.Y.
angle remains essentially the same. Softening is
attributed to disordering of the structure which
is partially compensated by the introduction of A reasonable criterion for an alloy to form an
defects and the impurity, amorphous phase during ion mixing is the presence

of a complex phase at that composition. One such
Ali.3 system is the Ti-Co-Ni system in which there

exists a complex phase at the compositionIRRADIATION-INDUCED AMORPHIZATION AND SHEAR ELASTIC Ti (Co,Ni). Since this phase has a 96 atom unit
INSTABILITY IN INTERMETALLIC COMPOUNDS. J. Xniko *, coil, it is highly probable that room temperature
P. R. Okamoto, L. E. Rehn, R. Bhadra, M. H. ion mixing should produce an amorphous phase.
Grimsditch, Materials Science Division, Argonne Multilayer samples were fabricated. Surprisingly
National Laboratory, Argonne, IL 60439; and M the diffraction patterns of the as-deposited
Meshii, Department of Materials Science and samples consist of broad lines with an FCC
Engineering, Northwestern University, Evanston, IL structure. Room temperature ion mixing does not
60208. amorphize these samples but produces material with

sharper diffraction lines than the as-deposited
Previously some of us had reported a dramatic (- 50 samples.
%) decrease in shear modulus prior to amorphization
in Kr irradiated Zr3Al, and proposed that Ion irradiations carried out at liquid nitrogen
amorphization is triggered when the crystalline temperature produced samples which contained a
lattice becomes unstable against shear stress. In mixture of amorphous and crystalline structures
the present work, the relation between but could not completely amorphize the samples.
amorphization and shear instability has been Elevated temperature ion mixing was performed. For
further investigated in additional compounds (FeTi, substrate temperature below 300*C, the FCC phase
CuTi, NiAl) during room temperature irradiation remained. A 4000C irradiation produced the stable
with 1.7-MeV Kr. A shear modulus was measured using Ti (Co,Ni) structure. Composition and substrate
Brillouin scattering; structural information was teaperature dependence of the FCC phase will be
obtained in situ in a high voltage electron discussed in terms of a model which assumes
microscope interfaced to a tandem accelerator. that the FCC phase is a metastable extension of
During irradiation of FeTi and CuTi, chemical the high temperature Ti phase.
disordering and a large (- 40 %) decrease of shear
modulus were observed, and amorphous phase
developed subsequently. In contrast, NiAl remained AI.6
chemically ordered, and exhibited only - 10 % CHARACTERIZATION OFHIGH-DOSE CARBON-ION-
decrease in shear modulus. Hence, these results IMPLANTED AND ANNEALED Nb.' .kiuang, Lawrence
provide further support for a shear instability LivermoreNationalLaboratoryLivermorCA
mechanism for irradiation-induced amorphization.

Pol Tmne.jo turn~a implanted with 200-keV C* ions to a tota
* Present address: Catet for Materials Science, Los Alamo Polycrystalline n o bif m aimnedwtnt-4akeV Atta
National Laboratory, Los Alamos, MM 07545. fluence of7x1 0 per ; maimum C content -45 at%). Auger

elctr specIopy anayis showed variation in C disrbution of 5-45
The work supported by DOE -31-109-ENG-3g and DMR-841117?. % within adepthof -3800A. lancing-angleX-rydiffaton and

taasiasion electron mictoscopy (TrEM) analyses were conducted to
characterize the phames and microstructures formed. Results indicated that

All.4 a aubsurface foc NbC layer was formed, but neither the hcp or the
THE EFFECT OF MICROSTRUCTURE ON THE MORPHOLOGY AND forTh e Nb 2C phase hroted in the equilibrium phase diar was
KINETICS OF AMORPHIZATION INDUCED BY ION IRRADIATION. .The NbC phase has a minimum c•positon ofabout 30 at% ofD.F. Pedrau and P.J. Maziasa. Metals and Ceramics Division, C, which is outside the stoichiometry of the NbC phase repoted in theOak Ridge Notional Laboratory. Oak Ridge, TN 37231-6376 -ibrium Nb-Cphasediagam. The preec for formation of the

RbC wa dicused in ters of change of chemical free energy and stain

NiTi was irradiated with Ni ions in order to study the rate of ene asociated with phase transformadon.
amorphizatios as a function of temperature and to determine the
temperature cutoff for this transition. A series of irradiation to various The stalo'pW relation between the subsurface NbC layer and the
doses wrs conducted at different temperatures, from ambient up to Nb mairin was als anslyzed with TEM diffraction analysis. Anays
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reuTsgest edta h transformation from the C-supersaturated bcc All1.8
Nb latc otefcNClattice was a Bain deformation that is typically ION BEAN INDUCED PERCOLATION CLUSTERING IN
observed in adifffusionless matensitic ransformaton. Al-Fe-Cu ALLOY FILMS, C.H.Shang and B.X.Liu(a)

Impafzedamleseraloaneaedateperxuesf97..l27K.It Department of Materials Science and Engineering,Impanedsamle wreals aneledattenpram o 93-173YIt Tsinghua University, Beijing 100084, CHINA; (a)was found that the NbC subsurface layer transformed into Nb2 C partcles also at Center of Condensed Matter and Radiation
that had an hcp crystalstrcture; the crystallogaphic relation between the PhysicsCAS' (World Lab.), Beijing.
Nb matrix and the Nb2C particles corresponded to that observed in the
conventionally processed materials, Percolation clustering was observed in an Al-Fe-

War prfnnd nde te usics f de .S Dpsmer o~nsg b ~Cu alloy film, that had been irradiated by 180
LivermloreNadomflLaboratory urderContract W7405Eng-48. key xenon ions to a dose of 6x10 Xe/cm at LN2

temperature, but not otherwise. At this critical
All.7 dosage, the diffraction patterns of the percola-

tion clustering showed strong diffuse bands, in-
STRENGTHENING OF ALUMINUM BY OXYGEN IMPLANTATION: dicating that amorphous structure dominated the
EXPERIMENTAL RESULTS AND MF,;HANICAL MODELING. examined film. The bright field image of the per-
RgX . ,~r~ Samuel M. Myers. and DavidM. Follstaed. Sandia National colation clustering was digitized with an M750
Laboratories, Albuquerque, NM; and Douglas H. Polonis, Universitof (VAX) image processor. The fractal dimension of
Washington, Seattle, WA. the infinite cluster was calculated to be D=1.88

+0.06, and the percolation threshold was Pc=0.60
+0.03. These values are all in good agreement

The Influence of oxygen implantatonon the mechancal properties of with the theoretical predictions. The percola-
alujminujm has been evaluated using uftra-low load microhardness Indentation t ion structures were thought to be formed during
testing. A new approach hasbeen emloyed to quatty the strength ofthe a crystalline-to-amorphous phase transition.
Implanted layer In which the hardness data is cormbined with largfe-strain finite-
element modeling of the resulting deformation. TEM techniques have been This paper presents the detailed experimental
employed to characterze the miestructures after Imlantation and results and the possible mechanism responssible
subsequent annealing. ThelImplantation was performed at energies ranging for the formation of fractal structures in the
from 25 to 200 keV to produce a flat oxygen concentration profile to a depth ion irradiated alloy films.
of - 500 nrn; oxygen concentrations ranging f rom 5 to 20 at.% were
investigated. Microhardness measurements were conducted on as- l.
implanted Al and on specimrens subsequently vacuum annealed at 723 and A .
83 IK to produce dense distributions of A120~3 precipitates 2-S nr I UNUSUAL MICROSTRUCTURES OF A METASTABLE CRYS-
diameter. The analysis shows that the flow stress of the Implanted layer In th TALLINE PtsoTiso ALLOY UNDER ION BOMBARDMENT.
annealed specimens Increases with oxygen content, reaching a value of - Y. L. Chen. Y.-T. Cheng, 3. V. Mantese, and A. B. Catalan, General
1200 MPa for the 20 at.% composition, ILe. more than twice the strength
level of Convenional high strength Al alloys. The as-lwplanted, unannealed Motors Research Laboratories, Warren, Michigan 48090-9055.
material exhibits even greater strength levels due to the high supersaturation
and detective structure resulting fromt excess oxygen In solution. The
strengths of the annealed materdal calculated from indentatlon measurements A metastable nanocrystalline Ptso Tiso alloy of an average grain
are in generaf agreemen wIth values predicted on the basis of applying size 2 nm was obtained by e-bearn evaporation from two sources of
existing models for coherency and dispersion hardening to the observedPtadTotoasnl-rtlNaiubrtetromeprtr.
rnacrostructures.PtadTonoasnl-rsa & sbtaearomeprtu.

This thin film PtsgTiso alloy waa then bombarded by 400 keV Kr++

T his work was performed at Sandia Natlonal Laboratories and supported by to doses 5 x 1011 and 1014 Kr/cm2 at room temperature. Tranamis-
the United States Department of Energy under Contract No. DE-AC04-76- sion electron microscopy shows that, instead of ion beam induced
DPO0789 amnorphization or ion beam induced grain growth, the nanocrys-

tafine Pt50 Tiso underwent unusual microstructural changes under
ion bombardment: while maintaining the same crystal structure and
an average grain size of 2 nm, the PtsoTiso thin film appeared to
expand along the directions perpendicular to the ion beam direction,
causing large ripples of sub-micron to micron size to develop. The
origin of this unusual microstructural evolution under ion bombard-
ment is being investigated.
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SESSION B1 11:15 BI.7
Chairs: Anthony F. Bernhardt THE INTERACTION OF LASER-GENERATED METHYL
Wednesday Morning, November 29 RADICALS WITH Cd, Te, AND CdTe FILMS, J.J.

Salon E (M) Zinck, G.L. Olson, P.D. Brewer and J.E.
Jensen, Hughes Research Laboratories, Mali-

8:30 *B1.1 bu, CA.
NOVEL PHOTOIMAGING SCHEMES AT POLYMER SUR-
FACES, Gary Taylor, AT&T Bell Laboratories, 11:30 BI.8
Murray Hill, NJ. MECHANISM OF CHROMIUM DEPOSITION BY UV LASER

LIGHT, Rainer Nowak and Peter Hess, Univer-
9:00 *BI.2 sity of Heidelberg, Institute of Physical

X-RAY LITHOGRAPHY FOR THE 1990's.. .REAL OR Chemistry, Heidelberg, West Germany.
NOT?, A. Wilson, IBM Research Division, T.J.
Watson Research Center, Yorktown Heights, 11:45 BI.9
NY. SELECTIVE SURFACE MODIFICATION OF FLUOROCAR-

BON RESIN USING EXCIMER LASER, Masayuki
9:30 *BI.3 Okoshi and Masataka Murahara, Tokai Univer-

PULSED UV LASER PROCESSING FOR ULTRAHIGH- sity, Faculty of Engineering, Hiratsuka,
SPEED DEVICE TECHNOLOGY, T.W. Sigmon, Kanagawa, Japan; and Kouichi Toyoda, Riken,
Stanford University, Stanford Electronics The Institute of Physical and Chemical
Laboratory, Stanford, CA; Kurt H. Weiner, Research, Wako, Saitama, Japan.
Lawrence Livermore National Laboratory,
Physics Department, Livermore, CA; Paul G. SESSION B2:
Carey, Siemens, AG., Corporate Research and Chair: Jerry G. Black
Technology, Munich, West Germany. Wednesday Afternoon, November 29

Salon E (M)
10:00 BREAK

1:30 *B2.1
10:30 BI.4 LASER SELECTED AREA PROCESSING FOR -CRO-
TIME-RESOLVED REFLECTANCE MEASUREMENTS OF ELECTRONICS APPLICATIONS, Shunli Kishida and
THE MELTING OF METAL DEPOSITS DURING CON- Yukio Morishige, NEC Corporation, Opto-
TINUOUS-WAVE LASER-INDUCED CHEMICAL VAPOR Electronics Research Laboratories, Kawasaki,
DEPOSITION, Paul B. Comita, IBM Almaden Japan.
Research Center, Polymer Science and Tech-
nology Department, San Jose, CA; Peter E. 2:00 B2.2
Price Jr., University of Minnesota, Dept. of VISIBLE-WAVELENGTH LASER PHOTODEPOSITION OF
Chemical Engineering and Materials Science, COBALT INTERCONNECTS, M. Rothschild, J.H.C.
Minneapolis, MN; and Toivo T. Kodas, Univer- Sedlacek, D.C. Shaver, and D.J. Ehrlich,
sity of New Mexico, Department of Chemical Lincoln Laboratory, Submicrometer Technology
and Nuclear Engineering, Albuquerque, NM. Department, Lexington, MA; S.N. Bittenson,

D. Edwards Jr. and N.P. Economou, Micrion
10:45 B1.5 Corporation, Peabody, MA.
IN SITU MEASUREMENT OF PULSED LASER INDUCED
CARRIER GENERATION IN DOPED SILICON FILMS, 2:15 B2.3
T. Sameshima, M. Hara and S. Usui, Sony LASER-INDUCED CHEMICAL VAPOUR DEPOSITION OF
Research Center, Yokohama, Japan. INORGANICS/ORGANOMETALLICS FOR MICROELEC-

TRONICS APPLICATIONS, J.G. Black, H.B.
11:00 BI.6 Harrison, P.C. Junk, A.E.W. Knight, R.I.
SURFACE CHEMISTRY OF DIMETHYLALUMINUM HY- McKay, C.L. Raston, Griffith University,
DRIDE AND TRIMETHYLALUMINUM ON ALUMINUM, Div. of Science and Technology, Brisbane,
Daniel R. Stronain and Paul B. Comita, IBM Australia.
Almaden Research Center, San Jose, CA.

2:30 B2.4
HIGH DEPOSITION RATE DIRECT WRITING OF AL ON
Si, H.W. Lee and S.D. Allen, University of

*Invited Paper Iowa, Center for Laser Science and Engineer-

ing, Iowa City, IA.

Short Course P-12, "Photon-Controlled 2:45 B2.5
Processing for Microelectronics," and F-02, LASER CHEMICAL VAPOR DEPOSITION OF W ON Si
"Plasma Etching for Microelectronic Fabrica- AND Si0 2/Si, Jian-Yang Lin, Chung Cheng
tion," may be of interest to symposium Institute of Technology, Department of
attendees. Details regarding course dates Electrical Engineering, Taiwan, China; S.D.
and instructors are provided in the short Allen, University of Iowa, Center for Laser
course section of this program. Science and Engineering, Iowa City, IA.
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3:00 BREAK 9:30 B3.4
UV EXCIMER LASER INDUCED DEPOSITION OF

3:30 *B2.6 PALLADIUM FROM SPIN-ON PALLADIUM-ACETATE
SELECIIVE AREA DEPOSITION BY ELECTRON BEAM FILMS, Hilmar Esrom and Georg Wahl, Asea-
ASSISTED DECOMPOSITION IN ADSORBED MOLECULAR Brown-Boveri ABB-CRH, Eppelheimer Strasse,
LAYERS, F. Bozs , IBM T.J. Watson Research Heidelberg, West Germany; and Michael Stuke,
Center, Yorktown Heights, NY. Max-Planck-Institut fur biophysikalische

Chemie, Gottingen, West Germany.
4:00 B2.7

SELECTIVE EPITAXY OF (Al,Ga)As AND (Al,Ga)As 9:45 B3.5
BASED STRUCTURES, T.F. Kuech, M. Goorsky and SELECTIVE CHEMICAL VAPOR DEPOSITION OF
R. Potemski, IBM T.J. Watson Research Cen- TUNGSTEN ON LASER-WRITTEN PRENUCLEATION
ter, Yorktown Heights, NY. PALLADIUM PATTERNS, Oliver Gottsleben and

Michael Stuke, Max-Planck-Institut fur
4:15 B2.8 biophysikalische Chemie, G6ttingen, West

PATTERNING OF GaAs/AlGaAs WAFERS BY FOCUSED Germany.
ELECTRON-BEAM INDUCED CHLORINE ETCHING AND
SUBSEQUENT MBE GROWTH, M. Taneva, Y. 10:00 BREAK
Sugimoto, H. Hidaka, K. Akita, Optoelec-
tronics Technology Research Laboratory, 10:30 B3.6
Tsukuba, Japan. ANOMALOUSLY DEEP STRUCTURES PRODUCED BY III-

V MATERIALS BY COMBINED FOCUSED ION BEAM
4:30 B2.9 IMPLANTATION AND DRY ETCHING, Lloyd R.

EXCIMER LASER-INDUCED DEPOSITION OF GaN, A. Harriott, Henry Temkin and Yuh-Lin Wang,
Kobayashi, T. Asai, S. Kawai and P.J. Chong, AT&T Bell Laboratories, Murray Hill, NJ.
Osaka University, The Institute of Scien-
tific and Industrial Research, Osaka, Japan. 10:45. B3.7

ULTRAHIGH VACUUM COMPATIBLE HALOGEN ETCHING
4:45 B2.10 PROCESS FOR SEMICONDUCTOR SURFACES, Andrew
HOLOGRAPHIC PATTERN ETCHING OF SILICON- Freedman and Charter D. Stinespring, Center
CARBITE BY EXCIMER LASERS, Masataka for Chemical and Environmental Physics,
Murahara, Masaru Yonekawa, and Kouichi Aerodyne Research, Inc., Billerica, MA.
Shirakawa, Tokai University, Faculty of
Engineering, Hiratsuka, Kanagawa, Japan. 11:00 B3.8

CONTROL OF ETCHING RATE IN LASER-CHEMICAL
SREACTION OF Mn-Zn FERRITE BY MeV ION IMPLAN-

Chair: Susan D. Allen TATION, Y.F. Lu, Mikio Takai, and S. Namba,
Thursday Morning, November 30 Osaka University, Faculty of Engineering

Salon A/B (M) Science and Research Center for Extreme
Materials, Osaka, Japan.

8:30 *B3.1
LASER-BASED AREA-SELECTIVE PROCESSING FOR 11:15 B3.9
HIGH-DENSITY INTERCONNECTS, Y.S. Liu and PRECURSORS TO PHOTO-ABLATION OF SODIUM
H.S. Cole, G.E. Corporate Research and TRISILICATE GLASS DUE TO UV EXCIMER IRRADIA-
Development Center, Schenectady, NY. TION, P.A. Eschbach, L.T. Dickinson S.C.

Langford, Washington State University,
9:00 B3.2 Physics Department, Pullman, WA; and L.R.

LASER DIRECT WRITING OF OPTICAL INTERCON- Pederson, Battelle-Pacific Northwest Labora-
NECTS IN POLYIMIDES AND Si0 2 :TiO 2 COATINGS, tory, Richland, WA.
D.W. Hewak and H. Jerominek, National Optics
Institute, Sainte-Foy, Canada. 11:30 B3.10

X-RAY PHOTOEMISSION INVESTIGATION OF EXCIMER
9:15 B3.3 LASER-INDUCED ETCHING OF InP, R. Matz and J.

SELECTIVE AREA DEPOSITION OF CONDUCTING Meiler, Research Laboratories of Siemens AG,
PALLADIUM FILMS ON POLYIMIDE RESINS, Yoon-Gi Department ZFE F1 FKE 32, MUnchen, West
Kim, S. Bialy, R. Miller, J.T. Spencer and Germany: and D. Haarer, Universitat Bay-
P.A. Dowben, Syracuse University, Center for reuth, Department Experimentalphysik IV,
Molecular Electronics, Departments of Phys- Bayreuth, West Germany.
ics and Chemistry, Syracuse, NY.

11:45 B2..l
SELECTIVE ETCHING AND PHOTO-BLEACHING IN
THIN AMORPHOUS Ge-Sb-S FILMS, Evdokia B.
Savova and Bovill I. Pashmakoff, Institute
of Solid State Physics, Sofia, Bulgaria.
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12:00 B 4:00 B
ULTRAFAST IMAGING OF ULTRAVIOLET LASER MASKLESS FORMATION OF TUNGSTEN FILM BY ION
ABLATION AND ETCHING OF POLYMETHYL METHA- BEAM INDUCED DEPOSITION TECHNIQUE, Zheng Xu,
CRYLATE, Bodil Braren, R. Srinivasan, Kelly Kenji Gam and Susumu Namba, Osaka Univer-
G. Casey, and Mildred Yeh, IBM T.J. Watson sity, Faculty of Engineering Science, Osaka,
Research Center, Yorktown Heights, NY. Japan.

SESSIN 4:15 B4.9
Chair: Thomas F. Kuech NANOLOTHOGRAPHY BY STM ON Rb0 .3MoO 3 , A

Thursday Afternoon, November 30 CONDUCTING OXIDE, G. Rudd, D. Novak, S.
Salon A/B (M) Wang, S.H. Garofalini and E. Garfunkel,

Rutgers University, Laboratory for Surface
1:30 *B4.1 Modification and Center for Ceramics Re-

SELECTIVE SILICON EPITAXY FOR ADVANCED DRAM search, Departments of Chemistry and Phys-
STRUCTURES, G. Bronner, IBM T.J. Watson ics, Piscataway, NJ.
Research Center, Yorktown Heights, NY.

4:30 B4.10
2:00 B4.2 COMBINING ELECTRON AND ION BEAM TECHNIQUES

SURFACE REACTION MECHANISMS IN SELECTED AREA FOR THE PRODUCTION OF BURIED SINGLE-CRYSTAL
EPITAXY OF II-VI's, S.J.C. Irvine, H. Hill, METALLIC WIRES, S.D. Berger, Julita E.
J.E. Hails, S.J. Barnett and J.B. Mullin, Woroniecka, H.A. Huggins, Alice E. White,
Royal Signals and Radar Establishment, K.T. Short, and D. Loretto, AT&T Bell Labor-
Worcestershire, United Kingdom. atories, Murray Hill, NJ.

2:15 84.3 4:45 B4.11
NOVEL STACKED CMOS PROCESS BY LOCAL OVER- THE ROLE OF ADSORPTION AND VAPOR PRESSURE IN
GROWTH, Ren6 P. ZingW, B. Hofflinger, In- FOCUSED ION BEAM INDUCED DEPOSITION OF
stitute for Microelectronics, CMOS Technol- CARBON FILMS, S.J. Kirch, IBM General
ogy, Stuttgart, West Germany; and G.W. Technology Division, East Fishkill, Hopewell
Neudeck, Purdue University, Electrical Junction, NY; and D.E. Seeger, IBM T.J.
Engineering Department, West Lafayette, IN. Watson Research Ctr., Yorktown Heights, NY.

2:30 B4.4 5:00 B4.12
LASER ASSISTED MOLECULAR BEAM EPITAXY LASER ABLATION AND PLASMA HYBRID TECHNIQUE
(LAMBE) GaAs ON SILICON PHOTODETECTORS, A. FOR DEPOSITING MULTILAYERED STRUCTURES, J
Christou, N.A. Papanicolaou, and G.W. Krishnaswamv, S. Sharan, and J. Narayan,
Anderson, Naval Research Laboratory, Surface North Carolina State University, Raleigh,
Physics Branch, Washington, DC. NC; and O.W. Holland, Oak Ridge National

Laboratory, Solid State Div., Oak Ridge, TN.
2:45 B4.5

LASER SELECTIVE AREA EPITAXY FOR THE IN- SESSION B5: POSTER SESSION
TEGRATION OPTOELECTRONIC STRUCTURES, H. Liu, Chair: Christopher Moylan
J.C. Roberts, J. Ramdani, and S.M. Bedair, Thursday Evening, November 30
North Carolina State University, Electrical 7:00 p.m. - 10 p.m.
and Computer Engineering Department, Ra- America Ballroom (W)
leigh, NC.

B5.1 A NEW MODEL OF POLYMER PHOTOABLA-
3:00 B4.6 TION KINETICS, Svlvain Lazare, and Vincent

LASER INDUCED SURFACE CHEMICAL EPITAXY, Granier, Universit& de Bordeaux I, Labora-
Charter D. Stinespring and Andrew Freedman, toire de Photophysique et Photochimie Mol~c-
Center for Chemical and Environmental Phys- ulaire, Talence, France.
ics, Aerodyne Research, Inc., Billerica, MA.

B5.2 A PROCESS MODEL FOR REACTIVE ION
3:15 B4.7 ETCHING AND STUDY OF THE EFFECTS OF MAG-

LASER PROCESSED SILICIDES FOR GAAS HEMTS, NETRON ENHANCEMENT, M. Meyvapan, Scientific
W.T. Anderson, A. Christou, Naval Research Research Associates, Inc., Glastonbury, CT.
Laboratory, Surface Physics Branch, Washing-
ton, DC; C. Michelakis, G. Kiriakidis, B5.3 SILICON FILM AS A NEW ETCHING MASK
Research Center of Crete, Heraklion, Greece. FOR InP DEVICES, X.S. Wu, Shanghai Institute

of Metallurgy, Academia Sinica, Shanghai,
3:30 BREAK China; Shuojin Wang, Zhejiang University,

Hangzhou, China; Zhangde Lu, Shanghai In-
stitute of Metallurgy, Academia Sinica,
Shanghai, China; and Jun Chen, Fudan Univer-
sity, Institute of Materials Science, Shan-
ghai, China.
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B5.4 ETCHING OF GAAS ON AlGaAs IN RIE- B5.13 CHARACTERIZATION OF SIDEWALL RESI-
MODE, G. Kaufel, E. Olander, Fraunhofer- DUE FILM AND ATOMIC STRUCTURE OF THE TRENCH
Institut fur Angewandte Festk6rperphysik, FORMED BY BCI 3/C1 2 REACTIVE ION ETCHING, Sun
Freiburg, West Germany. Jin Yun and Young-Jin Jeon, Electronics and

Telecommunications Research Institute,
B5.5 COPPER VAPOR LASER USED IN ETCHING Semiconductor Technology Division, Daejeon,
AND DEPOSITION, Belgacem Haba, Brian W. Korea; Jeong Y. Lee, Korea Institute of
Hussey, Arunava Gupta and Robert J. Baseman, Technology, Daejeon, Korea.
IBM T.J. Watson Research Center, Yorktown
Heights, NY. B5.14 SUBSTRATE HEATING EFFECTS IN EX-

CIMER LASER PLANARIZATION OF ALUMINUM,
B5.6 DOWNSTREAM ETCHING OF GaAs AND InP Robert J. Baseman and Joseph C. Andreshak,
USING MOLECULAR CHLORINE AND CHLORINE RADI- IBM T.J. Watson Research Center, Research
CALS David G. Lishan and Evelyn L. Hu, Uni- Division, Yorktown Heights, NY.
versity of California, Santa Barbara, Elec-
trical and Computer Engineering Department, B5.15 WHOLE COMPOSITION RANGE DEPOSITION
Santa Barbara, CA. OF THIN FILMS BY MAGNETRON COSPUTTERING AND

ITS APPLICATIONS, Oing-Ming Chen, Huazhong
B5.7 COMBINING SPONTANEOUS MOLECULAR University of Science and Technology, Wuhan,
ASSEMBLY WITH MICROFABRICATION TO PATTERN China; Yu-Dian Fan and Heng-De Li, Tsinghua
SURFACES: COORDINATION CHEMISTRY OF FUNC- University, Beijing, China.
TIONALIZED ISONITRILES TO Pt SURFACES, J.J.
Hickman, C. Zou, D. Ofer and M.S. Wrighton, B5.16 THE ETCHING OF Si(100) WITH A
Massachusetts Institute of Technology, MOLECULAR BEAM OF F2 , K.B. Laughlin, M.
Department of Chemistry, Cambridge, MA; P. McGonigal, D.J. Gladstone, M.T. Schulberg
Laibinis, C. Bain and G.M. Whitesides, and S.T. Ceyer, Massachusetts Institute of
Harvard University, Department of Chemistry, Technology, Department of Chemistry,
Cambridge, MA. Cambridge, MA.

B5.8 HOLLOW COLD CATHODE ION SOURCE FOR B5.17 SELECTIVE CHEMICAL VAPOR DEPOSITION
REACTIVE ION-BEAM ETCHING, A.I. Stognii and OF TUNGSTEN FILMS ON TITANIUM ION-IRRADIATED
V.V. Tokarev, BSSR Academy of Sciences, SILICON DIOXIDE, H. Okuhira, S. Nishimatsu
Institute of Solid State and Semiconductor and K. Ninomiya, Hitach, Ltd., Central
Physics, Minsk, USSR. Research Laboratory, Tokyo, Japan.

B35.9 LASER INDUCED FORWARD TRANSFER FOR B5.18 STATISTICAL INTERPRETATION OF IR AND
THE DEPOSITION OF PATTERNED HIGH Tc SUPER- UV PHOTOABLATION, Ruediger Braun and Peter
CONDUCTOR THIN FILMS, E. Fogarassv, C. Hess, University of Heidelberg, Institute of
Fuchs, and S. De Unamuno, CRN, Laboratoire Physical Chemistry, Heidelberg, West Ger-
PHASE, Strasbourg, France; and J. Perriere, many.
Universitb de Paris VII (G.P.S. de I'ENS),
Paris, France. B5.19 THE EFFECTS OF SOURCE GAS, TEMPERA-

TURE AND PRESSURE ON THE SURFACE PLANARITY
B5.10 DIRECT EVIDENCE FOR THE CREATION OF AND MICROSTRUCTURE OF SILICON SEG AND ELO,
MICROPORES IN UV-IRRADIATED POLY (METHYL M.C. Arsti K.N. Ritz, J.T. Chen, S. Redkar,
METHACRYLATE), JA. Moore and J.-O. Choi, Philips Research Laboratories, Signetics
Rensselaer Polytechnic Institute, Polymer Company, Sunnyvale, CA; J.O. Borland and J.
Science and Engineering Program, Troy, NY. Hann, Applied Materials, Inc., Epi Applica-

tion Laboratory, Santa Clara, CA.
1.11 REACTIVE ION ETCHING OF In-BASED

III-V SEMICONDUCTORS-COMPARISON OF Cl AND 55.20 IN-SITU CHARACTERIZATION OF CHEMICAL
C 2 H 6  CHEMISTRIES, S.J. Pearton, U.K. VAPOR DEPOSITION, R. Scarmozzino, T.
Chakrabarti, F.A. Baiocchi, and W.S. Hobson, Cacouris, and R.M. Osgood Jr., Columbia
AT&T Bell Laboratories, Murray Hill, NJ. University, New York, NY.

B5,12 ELEVATED TEMPERATURE REACTIVE ION B5.21 EDGE ENHANCED INTERLAYER DIFFUSION
ETCHING OF GaAs AND AlGaAs IN C2 H6 /H2 , .J, IN Al/Hf/Al VLSI METALLIZATION, X.S. Guo and
Pearton, W.S. Hobson, AT&T Bell Labora- W.A. Lanford, State University of New York
tories, Murray Hill, NJ; and K.S. Jones, at Albany, Albany, NY; and K.P. Rodbell,
University of Florida, Gainesville, FL. IBM-East Fishkill, Hopewell Junction, NY.

R5.22 LASER WRITING OF HIGH PURITY GOLD
LINES, M. Jubber, J.I.B. Wilson, J.L.
Davidson, P.A. Fernie, P. John, Heriot-Watt
University, Riccarton, Edinburgh, Scotland.
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B5.23 PHOTOSTIMULATED DEFECT-IMPURITY 10:45 f6.8
REACTIONS DURING ION BOMBARDMENT OF SI, Alex KrF EXCIMER LASER INDUCED DEPOSITION OF
B. Danilin, Yuri N. Erokhin, Vicktor N. TITANIUM FROM TiC14 , R. Izauierdo, M.
Mordkovich, Institute of Microelectronics Meunier and C. Lavoie, Ecole Polytechnique
Technology and Superpure Materials, USSR de Montreal, Groupe des Couches Minces et
Academy of Sciences, Moscow, USSR. Ddpartement de Genie Physique, Montreal,

Canada.

Chair: Mordechai Rothchild 11:00 B6.9
Friday Morning, December 1 SELECTIVE RAPID THERMAL CVD OF GERMANIUM,

Salon A/B (M) D.T. Grider, M.C. Ozturk, J.J. Wortman,
North Carolina State University, Department

8:30 *B6.1 of Electrical and Computer Engineering,
GENERATION OF BLIND VIA-HOLES FOR A HIGH Raleigh, NC; Y. Zhong, Liaoning University,
DENSITY MULTI-CHIP-MODULE USING EXCIMER Physics Department, Liaoning, China; D.
LASERS, Friedrich G. Bachmann, Siemens AG, Batchelor, and P. Russell, North Carolina
Corporate Production and Logistics Depart- State University, Department of Materials
ment, Munich, West Germany. Science and Engineeeing, Raleigh, NC.

9:00 B6.2 11:15 B6.10
UV LASER-INDUCED ETCHING OF FIRST-ROW TRAN- LASER-INDUCED LOCAL DECOMPOSITION OF AD-
SITION METALS, G.W. Tyndall, IBM Almaden SORBED TUNGSTEN FLUORINE MOLECULES FOR METAL
Research Center, San Jose, CA. DEPOSITION ON SILICON, G. Auvert, D.

Tonneau, and Y. Pauleau, C.N.E.T., Meylan,
9:15 B6.3 France.

PHOTOCHEMICAL AREA-SELECTIVE ETCHING OF Si
AND Si0 2  USING SYNCHROTRON RADIATION, 11:30 B6.11
Junichi Takahashi, Yuichi Utsumi and Tsuneo EXCIMER LASER INDUCED DEPOSITION OF TUNGSTEN
Urisu, NTT, LSI Laboratories, Kanagawa, FROM W(CO)§ AND WF6 , B. Rager and F.
Japan. Bachmann, Siemens AG, Corp. Production and

Logistics Department, Munich, West Germany.
9:30 B6.4

EXCIMER LASER-ASSISTED ETCHING OF SILICON 11:45 1&.2
USING CHLOROPENTAFLUOROETHANE, S.D. Russel, DIRECT WRITING OF COPPER LINES USING ND:YAG
and D.A. Sexton, Naval Ocean Systems Center, LASER AND COPPER FORMATE PRECURSORS,
Solid State Electronics Division, San Diego, Heinrich G. MUller and Siegfried Schuler, TU
CA. Berlin, Forschungsschwerpunkt Mikroperi-

pherik, Berlin, West Germany.
9:45 B6.5

LOCALIZED LASER-ASSISTED ETCHING OF COPPER S ION B
FILMS BY CHLORINE USING RAMAN SPECTROSCOPY Chair: Robert Rosenberg
FOR IN-SITU FILM ANALYSIS, Hua Tang and Friday Afternoon, December 1
Irving P. Herman, Columbia University, Salon A/B (M)
Department of Applied Physics and the Micro-
electronics Sciences Laboratories, New York, 1:30 "17.1
NY. LASER-INDUCED FORMATION AND SURFACE PROCESS-

ING OF HIGH-TEMPERATURE SUPERCONDUCTORS,
10:00 BREAK D.W. Bauerle, Angewandte Physik, Johannes-

Kepler-Universitat, Linz, Austria.
10:15 B6.6
SELECTIVE TUNGSTEN CVD ON A-SI:H BY PULSED 2:00 B7.2
UV LASER MODIFICATION OF THE NATIVE OXIDE, LASER PATTERNING AND ELECTRICAL PROPERTIES
Arthur T. Howe, K.V. Reddy, Darrell L. OF SUBMICROMETERS LINES OF Y-Ba-Cu-O, J.P.
Wuensch and Jeff T. Niccum, Amoco Technology Zheng, Q.Y. Ying, H.S. Kim, D.T. Shaw and
Company, Technology Division, Naperville, H.S. Kwok, State University of New York at
IL; and Gerry W. Zajac, Amoco Corporation, Buffalo, Institute on Superconductivity,
Analytical Division, Naperville, IL Buffalo, NY.

10:30 B6.7 2:15 B7.3
WAVELENGTH-DEPENDENT AREA SELECTIVITY IN PULSED EXCIMER LASER ABLATION FOR THE DEPOS-
PHOTOCHEMICAL VAPOR DEPOSITION OF ALUMINUM ITION OF YBaCuO AND BiSrCaCuO COMPOUNDS:
FILMS, Mitsuau Hanabusa and Masahi Ikeda, MATERIALS DISTRIBUTION AND STOICHIOMETRY, C.
Toyohashi University of Technology, Toyo- Fuchs and E. Fogarassy, CRN, Laboratoire
hashi, Japan. PHASE, Strasbourg, France.
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2:30 B7.4

(ABSTRACT WITHDRAWN)

2:45 BREAK

3:00 B7.5
TUNABLE UV LASER DECOMPOSITION OF GAS PHASE
AND SURFACE ADSORBED ORGANOMETALLICS, Thomas
Beuermann, Yanping Zhang, and Michael Stuke,
Max-Planck-Institut fir biophysikalische
Chemie, G6ttingen, West Germany.

3:15 B7.6
LOW TEMPERATURE INTERLEVEL Si0 2-LAYERS BY
PHOTOINDUCED PROCESSING, H.Signund, A.
Klumpp and G. Springholz, Fraunhofer-In-
stitute for Solid State Technology, Munchen,
West Germany.

3:30 B7.7
PHOSPHORUS DOPING INTO SILICON USING ArF
EXCIMER LASER, A. Slaoui, E. Foulon, E.
Fogarassy, and P. Siffert, Laboratoire
PHASE, C.N.R.S., Strasbourg, France.

3:45 B7.8
ROLES OF GAS PHASE AND SURFACE PHOTOLYSIS IN
LCVD FROM Fe(CO)5 , Xu Xin, Institute for
Atomic Energy Research, Beijing, China and
Massachusetts Institute of Technology,
Department of Chemistry, Cambridge, MA; and
J.1. Steinfeld, Massachusetts Institute of
Technology, Department of Chemistry, Cam-
bridge, MA.

4:00 B7.9
ROOM TEMPERATURE PHOTO-OXIDATION OF HYDRO-
GENATED SILICON-CARBON ALLOYS, P. John, I.M.
Odeh, A. Qayyum and J.I.B. Wilson, Heriot-
Watt University, Riccarton, Edinburgh,
Scotland.

4:15 B7.10
MECHANISM OF SELECTIVE AREA GROWTH OF ALUMI-
NUM BY ORGANOMETALLIC CHEMICAL VAPOR DEPOSI-
TION, Krishnan Raghavachari, G.S. Higashi,
and M.L. Steigerwald, AT&T Bell Labora-
tories, Murray Hill, NJ.

4:30 B7.11
METAL DEPOSITION WITH INCOHERENT EXCIMER
RADIATION, Hilmar Esrgm, Asea-Brown-Boveri
AG, Corporate Research Heidelberg, Heidel-
berg, West Germany; and Ulrich Kogelschatz,
Asea-Brown-Boveri AG, Corporate Research
Baden, Baden, Switzerland.
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B1.1 ABSTRACT NOT AVAILABLE wave laser light is modulated between aproximatedy 0.5 [Hz and I Mhz, and
occurs with a substantial increase in emitted light at normal incidence to the

BI.2 laeiadiated surface. This has been shown to be due to a change in the
eflected laer light normal to the surface of the metal deposit. During the time

X-RAY LITIIOGRAPHiY FOR THE 1990's...REAL OR NOT? the surface of a deposit is liquid or molten, the surfssn conforms to the
Alan D. %ilson, IBM Research Division, T. .1. Watson Research substrate and the incident light is reflected primarily noms] to the surface.
Center. P. O. Box 218, Yorktown Heights, New York 10598. When the sudace of the deposit is a polcrystaline solid, the incident bim is

scattered and reflected light normal to the surface is reduced. The incresse in
X-Ray Lithography has been a technology that was slated to be flected laser light due to melting has been examined during the stationary
used at the limits of Optical Lithography and this was to be at thc gowth of a sold deposit during singl pulses of law fight. The rlected light
one micron or so minimum feature size which the industry reached at normal incidence to the surface has been determined as a finction of lar
inc mion o996.-rays so minm euesetodayo which thar rad fluence, wavelength in a two color experiment, length of duty cycle, and
in about lt 6. X-rays arc not used today so what happened and frequency of modulation. The laer light was modulated with a high power
will they ever be used to make VLSI chips'? I o answcr the first electro-optic modulator with a 20 Mhz bandwidth. The influence of this
question is very easy...optical lithography did not reach its limit, technique on the microstucture of old deposited by LCVD has been
To answer the second question is more difficult and that will be the examined in detail by scanning electron microscopy.
goal of this paper, and, it will be shown that waiting for optical
lithography to reach its limit may he the wrong thing to do. In ad- B.5
dition to the usual resolution enhancements, x-ray lithography offers In s i tU measurement of pulsed laser induced
potential advantages in (I) yield, (2) process siaplicity (and thus carrier ganeration in doped silicon films.

T.Sameshinia, M.Hara and S.Usui , Sony Research
cost), and (3) chip size. Center,Yokohama,Japan.
WHAT IS X-RAY LITHOGRAPHY?

Very fast carrier generation during laser
X-ray lithography is a proximity printing process using -10 Ax- doping was establ ished by transient conductance
rays. Resolutions of 0.1 micron have been demonstrated in a num- measurement s. A non-doped SOS film with Al
ber of laboratories around the world and a large, relative to optical electrodes with a gap on the surface was coated

with a thin boron film by decomposition of BHc
lithography, depth of focus has been observed as well as 100% gas using glow discharge. The conductance chaflgg
process latitude. This process latitude is an excellent attribute and of the silicon film between the Al electrodes was
has a significant role in the apparent insensitivity of x-rays to de- measured when the silicon surface was mel ted by
fects and excellent linewidth control achieved with x-rays. X-ray irradiation with a pulsed XeCl excimer lasr (30ns

FWHM) at an energy density of l.OJ/cm . The
lithography does not employ any optical elements between mask conductance associated with molten silicon first
and wafer which could limit the field size as in optical lithography, increased, then decreased. In the resolidifics-
Chipor field size is limited by mask defect dcnsity or overlay. In- tion process, residual conductance caused by heavy
trinsic exposing rates, determined by thc ratio of x-ray powcr to rc- boron doping was measured. Condcutance was 0.05S/0

at the termination of melt, which was determined
sist sensitivity, is on the order of 10 cn2,seC. a very suitable rate by the termination of high optical reflectivity
of exposure for manufacturing. associated with surface molten state using time

resolve optical reflectivity measurements to be

B1.3 400ns after irradiation had ceased. This result
indicates that the boron atoms diffused in the

PULSED UV-LASER PROCESSING FOR ULTRA-HIGH.SPEED DEVICE molten silicon from the surface were activated
TECHNOLOGY. Thomas W Simon, Stanford University, Stanford, immediately after the molten silicon resolidified.
CA; Kurt H. Weiner, LLNL, Livermore, CA.; and Paul G. Carey. Transient conductance measurements also showed
Siemens, Munich, FRD. that after the solidification, the conductance

increased monotonously with time to reach 0. 1IS/1
Progress in high-speed device technology is occunng by both scaling of at room tempperature. The increase of conductance
conventional devices, such as MOSFET and bipolar, and the with time can be interpreted as the increase in
developmentofn wdevicestructureswhichtakeadvantageofnulti, the ,nobility of carriers as the silicon film
layerheteostructurs. Withscainginthelateraldimensionsproducing cooled through heat diffusion to the underlying
devices with dirensions approaching 0. 1 im, vertical scaling has become substrate.
a topic of concern. This talk will focus on rsults obtained using pulsed
uv-laser doping and selective epitaxy which addresses several of the B1.6
problems faced in both the vertical scaling of juncuons for silicon MOS
and bipolar sructurm and in the fabrication of selective heterostructure SURFACE CIEMISTR\ OF DIME1I[YL.ALLUNIINUIM
layers. Following a brief historical overview and description of the I IYDRI)E AN) I RINlETIIYI.ALUIN1lNt:%1 ON
process, successful applications in the fabrication of submicron
MOSFETs and narrow base bipolar transistors in silicon will be ALUMINUM Daniel R. Stiongin and I'aul B. Corii:i, IBN
presented. Results, both structural and electrical, on the fabrication of Almaden Rescarch Center, 650 Harry Road. San uhc, CA
heterostructures layers in the Ge;,Si;. and lnGa/.,As material systems 15120.
will be presented.

B1.4 The adsorption and reaction pathways (if both
dimethylaluminum hydride (DMAH) and trimethylaluminum

TIME-RESOLVED REFLECTANCE MEASUREMENTS OF THE (rMA) have been investigated (in a polycrvstallinc aluminum
MELTING OF METAL DEPOSITS DURING CONTINUOUS-WAVE surface with temperature programmed desorption, Auger
LASER-INDUCED CHEMICAL VAPOR DEPOSIoN
Paul B. ComaDa, IBM Almaden Research Center, 650 Harry Road, San Jon, electron spectroscopy, and secondary ion mass spectrometry.
CA 95120; Peter E. Price, Jr., Department of Chemical Engineeriag d DMAH is adsorbed on the aluminum surface at 90 K in its
Materials Science, University of Minesota, Minneapolis, MN 55453; and monomeric, dimeric, and trimeric forms. TMA adsorbs
Toivo T. Kodas, Department of chemical and Nuclear Egineergi primarily in the dimeric form and it desorbs from the aluminum
Univerity of New Mexio, Albuqurque, NM. surface at about 190 K. Secondary ion mass spectroscopy and

We have observed the explosive maling of metallic gold during laer-induced Auger electron spectroscopy show that carbonaceous deposits
chemical vapor deposition (LCVD) of gold on alumiue surfaces, and h are left on the aluminum surface after TMA desorption. The
examined the time evolution of the phse chang with nelectenc temperature programmed desorption of DMAH from the
mesurements. The phase chane has been observed when the continuous aluminum surface results in the desorption of of DMAH dimer
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and trimer between 195 and 255 K. TMA is found to desorb B1.9
as a reaction product at 230 K when DMAH reacts on the SELECTIVE SURFACE MODIFICATION OF FLUOROCARBON
aluminum surface. This reaction channel to form TMA, from RESIN USING EXCIMER LASER.
DMAH might provide a low temperature pathway for the M.OKOSHI, A graduate student of Faculty Eng.

Tokai Univ.; M.Murnhara, Faculty of Eng. Toal
production of aluminum metal. Univ., 1117 Kltakaname, Hiratsuka, Kanagawa,

259-12, JAPAN; K.TOYODA, Riken, The Institute
B1.7 of Physical and Chemical Research, 2-1Hirosawa, Wako, Saitama 351-01, JAPAN.

THE INTERACTION OF LASER-GENERATED METHYL

RADICALS WITH Cd. Te, and CdTe FILMS. LLZin± G.L. Olson, Fluorocarbon resin is very stable material
P.D. Brewer, and I.E. Jensen. Hughes Research Laboratories, Malibu, chemically. Namely, it has chemical resistance

and heat resistance. However, this material has
CA. no adhesion, and no affinity for oil or water.

Methyl radicals have been shown to be important species for gas phase So, we wish to report on the selective area
(dry) etching of metal and semiconductor thin films. In this paper the modification of the fluorocarbon resin using
interaction of excimer laser-generated methyl radicals with Cd, Te, and ArF exclaer laser beam and gaseous trimethyl

boron (B(CH3 ) ). Then, ArF laser is irradiated
CdTe films is examined via'studies of the adsorption of methyl radicals on these resin surface, It is possible to cut
and desorption of reaction products from these surfaces in ultahigh the strong C-F bond. Even if this bond was
vacuum. Methyl radicals were produced by ArF excimer laser (193 nm) cut, it would recombine immediately for high
photodissociafion of acetone molecules in a collisionless (molecular electronegativity of fluorine. Then, two kinds

flow) environment. A surface-parallel rradiation geometry was used to of decomposition of B(CH3 )a and (C-FV ). were
tried simultaneously by Ar? laser irradiation.

dissociate the molecules in the gas phase without simultaneously So F atoms were pulled out by B atoms. And all
inducing a tansient temperature increase at the surface. Thermal free positions F atoms were substituted by
desorption mass spectromeuy and Auger electron spectroscopy were methyl-radicals. By this photochemical
used to probe the surface chemisuty of the unissociated parent molecule reactionthe surface of this resin was turned

and the photodissociation products. Enhancement of the yield of to oleophilic materials selectively.

desorbed metal alkyl reaction products was observed when the excimer In this experiment, the most effective
laser was used to dissociate the parent molecule; the enhancement factor experimental conditions are next; the fluence
depended upon the substrate type, laser fluence and gas flux. The of Ar? laser beam was 25 nJ/cm' , pulse

surface desorption results for Cd, Te, and CdTe will be presented, a repetition was 50 pps and irradiation time was
60 sec. And contact angle with oil was 0-10

mechanism which describes the interaction between the laser-generated degrees.
radicals and the surface will be described, and the implications of these
results for dry etching of metal and semiconductor thin films will be B2.1
discussed.

LASER SELECTED AREA PROCESSING FOR
MICROELECTRONICS APPLICATIONS. EhunlJ Kish da

B1.8 and Yukio Morishige, Opto-Eecronics Research

MECHANISM OF CHROMIUM DEPOSITION BY UV LASER Laboratories, NEC Corporation, Kawasaki, Japan
LIGHT. Rainer Nowak and H , Institute
of Physical Chemistry, University of Heidel- Micron-scale thin film direct-patterning
berg, In Neuenheimer Feld 253, D-6900 Heidel- technology has a varlety of applications in
berg, F.R.G. microelectronics. Excellent refractory metal

patterning technologies of both projection
The deposition of pure chromium films at low printing and direct writing have been developed
temperatures by LICVD is not only a challenge utilizing short pulse laser CVD. Promising
from a scientific point of view, but also of practical results have been obtained for
great interest for potential applications. photomark clear defect repairing, L$I
Therefore, the deposition process was studied Interconnection repairing, LSI failure analysis,
as a function of the important parameters such and TfT fabrication.
as UV laser fluence and repetition rate, gas
flow, pressure, temperature etc. Nucleation and For mask repairing, pro ection printing of 11igh
growth of the film were monitored in situ by quality micron-scale Cr film has been achieved
measuring the transmission of a HeNe laser using high repetition rate (-kHz) laser puled
beam. irradiation, in !,SI interconnection application,

pulsed laser-CVD directly written W line allows
Impurity incorporation into the deposited film large current flow (-10 mA), has sufficiently low
was dmermined by XPS analysis for different contact resistance IS0.50) with Al
chromium complexes as precursors and buffer interconnections, and reveals high reliability of
gases such as CO, rare gases and hydrogen. passing aging test, These superior electrical
These experiments yielded detailed information characteristics make this technology applicable
on the variation of film composition, but also to a wide variety of microelectronics devioss,
on the deposition rate and mechanism, including NOS, bipolar and analog LSIs.

For higher buffer gas pressures the deposition
process is diffusion limited. Chromium atoms B2.2
and unsaturated complexes produced in the gas
phase by UV laser photolysis seem to play a VISIBLE-WAVELENGTH LASER PHOTODEPOSITION OF

more important role for nucleation than for the COBALT INTERCONNECTS-, M. Rothschild,

growth process. There is a strong influence of j. H. C. Sedlacek, D. C. Shaver, and

surface chemistry on the chemical composition D. J. Ehrlich, Lincoln Laboratory, Massachusetts

of the deposited films and indications for a Institute of Technology, Lexington, MA, and

catalytic activity of the surface.
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S. N. Bittenson, D. Edwards, Jr., and B2.5

N. P. Economou, Micrion Corporation, Peabody, MA LASER CHEMICAL VAPOR DEPOSITION OF W ON Si AND

Si0 2/Si. Jian-Yang Lin, Dept. of Electrical
Engineering, Chung Cheng Institute of Technology,

The deposition of cobalt films from Co2(CO) 8 Ta-Shi, Taiwan, R.O.C.; Susan D. Allen, The
vapor has been developed. The new process is U. of Iowa, Iowa City, IA 52242-1294, U.S.A.
notable in that it is initiated photolytically
with low-power visible argon-ion-laser Deposition of W on bare Si and native-Si02/Si
radiation. Cobalt films 0.1- to 2-jIm thick with substrates has been investigated in an laser
resistivities of 30-50 jig-cm are deposited on chemical vapor deposition (LCVD) syste m using
glass, silicon or polyimide substrates. a highly focused visible 514.5 nm cw Ar laser
Scanning speeds for 0.5-Lin-thick films are as the heat source. Temperature distributions
-100 gm/s. We will discuss the current picture on the Si substrate induced by the laser beam
of the deposition mechanism, as determined with were calculated using a modified Lax formulation
mass and infrared spectroscopies, and summarize to study the deposition kinetics. W deposits
studies of the electrical and material on bare Si surface via the Si and/or H2 reduction
properties of the deposited films. We will also of WF6  were self-limited in the thickness to
describe the recent application of the process 200 - 600 A in both cases. Auger electron spect-
to repair of flat panel displays. roscopic analysis showed that there was a trace

amount of Si on the as-deposited W surface.

Si-H bonds could be poisoning the further growth

of W. W deposits on native-Si0 2 /Si were only

obtainable via the H2 reduction of WF6  in our
laser direct-write system. Our experimental

The Lincoln Laboratory portion of this work kinetic study indicated that HF desorption from
was sponsored by the Defense Advanced Research the surface is the rate-controlling step for
Projects Agency and the Department of the Air W deposition via the H2 reduction of WF6 . The
Force, in part under a specific program as-deposited W lines were 2 - 10 um wide, 0.2
supported by the Air Force Office of Scientific - 6 um thick with resistivities of 11 - 56 Ul-cm,
Research. depending upon the gas composition, the laser

power level, and the laser scan speed. The

B2.3 growth rates of W lines achieved were as high

as 2.2 mm/s. The nucleation and growth of W

LASER-INDUCED CHEMICAL VAPOUR DEPOSITION OF INORGANICS/ deposits have been observed with a high speed

ORGANOMETALLICS FOR MICROELECTRONICS APPLICATIONS. J.G. real-time optical monitoring and gating system

Black, H.B. Harrison, P.C. Junk, A.E.W. Knight, R.I. McKay, as a function of the growth conditions.
C.L. Raston, Division of Science and Technology, Griffith
University, Nathan 4111, Brisbane, Australia. B2.6

Inorganic/organometallic molecules have been targeted for SELECTIVE AREA DEPOSITION BY ELECTRON BEAM
laser-assisted metal deposition onto silican surfaces using
the following criteria: Favourable handling characteristics, ASSISTED DECOMPOSITION IN ADSORBED MOLECU-
ease of purification, sufficient vapour pressure for LAR LAYERS. F. Bozso, IBM Research Division, T. J. Watson
deposition of practical quantities of metal, and specific Research Center, P.O. Box 218, Yorktown Heights, N.Y. 10598
wavelength absorption characteristics to facilitate the laser-
induced dissociation process. The inorqanic/organometallic

precursors are ideally required to undergo facile ligand- Selected area deposition of thin films and material structures is
metal bond rupture so that contamination of the deposited possible with precise control over the material composition by
metal by other reaction products (eg metal carbides) is using low energy electron beams to induce reactions in adsorbed
minimized. Generated volatile material devoid of metal atoms molecular layers. Upon electron impact the
is expected to be easily disposed without hindering the
primary laer-induced deposition process. adsorbed/coadsorbed molecules decompose into reactive scis

resulting in growth of a surface film. The composition of the film
In addition to deposition studies, photochemical mechanisms reflects that of the adsorbed molecular layer, which at cryogenic
are being investigated using laser photofragmentation temperatures can very snsitively be controled by the parti
excitation spectroscopy, in consort with time of flight mass
spectrometry. These studies are being undertaken in an pressure of the reactant gases. We present detailed studies of the
attempt to design a more controlled experimental environment adsorption, co-adsorption and thermal and electron-beam in-
using photochemically driven fragmentation rather than the duced dissociation of disilane, ammonia, nitric oxide, oxygen and
more commonly used thermolytic process. decaborane on Si(100) and Si(111)-7x7 surfaces using X-ray

Preliminary studies have succeeded in depositing thin lines and UV photoemission spectroscopy, thermal desorption
of highly conductive material, with apparently little spectroscopy and electron induced desorption. At room temper-
contamination. Precursors for the deposition of a range of ature the above gases adsorb mainly dissociatively whereas below
materials suitable for microelectronics applications
including aluminium, platinum and antimony are being 120K a layer of molecularly adsorbed species can be formed in
developed. equilibrium with the gas phase. We show that by proper choice

of temperature, gas phase composition and electron beam, amor-
B2.4 ABSTRACT NOT AVAILABLE phous slicon, silicon nitride, silicon oxynitride and high concen-

tration boron doped silicon films can be grown with a thickness

control of nearly monolayer resolution.
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B2.7 B2.9

SELECTIVE EPITAXY OF (AL,GA)AS AND (AL,GA)AS BASED EXCIMER LASER-INDUCED DEPOSITION OF GaN. A.
STRUCTURES, T.F.Kuech, M.Goorsky, and R.Potemski, Kobayashi, T.Asai, S.Kawai and P.J.Chong, The
IBM T.J.Watson Research Center, P.O.Box 218, Institute of Scientific and Industrial Research,
Yorktown Heights, NY, 10598. Osaka University, Ibaraki, Osaka 567, Japan.

GaN films were prepared by laser-induced chemical
vapour deposition (LICVD) technique from Ga(CH3 )3

Selective Epitaxy is difficult to achieve in the and NH 3 . Pulsed ArF excimer laser was used to
conventional MOVPE based growth of GaAs and induce gas phase reactions and the films were
(Al,Ga)As. Both the high overall supersaturation grown on the sapphire (0001) substrates attemperatures from 600*C to 1000*C. At highof the growth ambient and the lack of a suitable temperatures, GaN grew as islands and was
back or etching reaction leads to the conformal polycrystalline. At low temperatures, GaN was
deposition of the growing material under most deposited as a dense film and was a mixture of
growth conditions. We have recently demonstrated polycrystals and preferredly oriented crystals.the selective area deposition of GaAs using diethyl The films grown at around 800C were epitaxialwith the (0001)-oriented layers. The surface
gallium chloride(DEGACL). This precursor leads to morphology of these films was examined by a
the highly selective growth of GaAs with respect a scanning electron microscope and a fine structure
dielectric masking material. The use of diethyl with the uniform grain size of about 0.6 1im was
aluminum chloride (DEALCL) does not however lead seen.
to the selective epitaxy of AlAs. The selective GaN films by the thermal CVD were also prepared
growth of the alloy, (Al,Ga)As, can be achieved under the same growth conditions and compared
under suitable growth conditions using both DEGACL with the LICVD films. The results showed that
and DEALCL. The HCl by-product from the decompos- crystallinity of the LICVD-grown GaN films was
ition of the DEGACL is thought to serve as an superior to that of the thermally grown ones.
etchant, removing AlAs from the surrounding Moreover, the growth rate of the films was about

2.7 times faster (at 800 'C) under the laser gas-dielectric field regions. The alloy composition phase excitation.
of the deposited material is a function of the
growth conditions. The measured alloy composition Under the present conditions, the growth rate of
will be compared to that predicted from the the films was highly influenced by the deposition
thermodynamic considerations. We have used this temperature. This indicates the growth rate is
selective epitaxy technique to produce quantum well mainly determined by the surface reaction.
structures within localized regions of a substrate
surface. B2.10

HOLOGRAPHIC PATTERNE ETCHING OF SILICON-CARBITE
B2.8 BY EXCIMER LASERSM.Murahara, Faculty of Eng., Tokai Univ., 1117
PATTERNING OF GaAs/AJGaAs WAFERS BY FOCUSED Kitakaname, Hiratsuka, Kanagawa 259-12, JAPAN.,
EI.ECTRON-BEAM INDUCED CHLORINE ETCHING AND M.Yonekawa and K.Shirakawa, Graduate student of
SUBSEQUENT MBE GROWTH. M.Taneya, Y.Suglmoto, Faculty Eng., Tokai Univ., Kanagawa, JAPAN.
I|.11daka, K.Akita, Optoelectronics Technology
Research Laboratory, Tsukuba, JAPAN Silicon-carbite has high refrectivity in the

range of soft X-ray. But chemical etching of
Focused electron-beam (FEB)-induced C12 etching SIC is difficult. So we have been proposing to
of AlGai-,As (O<x<0.7) was done for the purpose etch the SiC using two different wavelength
of in-situ patterning and subsequent crystal excimer lasers and gaseous ClF3.
growth using a ultra-hlgh vacuum multi-chamber
system. In this parer, we wish to report on fabrication

of diffraction grating on SiC mirror by laser
An FEB-induced C1 2 etching of GaAs with an holographic method. The reflectance of this
adsorbal layer at the surface was reported crystaline SIC mirror which was polished with a
earlier. Achieving low-dimensional systems, I A accuracy was 30% in 249 na (KrF) and in 193
such as quantum wires and boxes, requires the nm (ArF) as high as 50%. On the other hand.
etching of layered structures consisting of the threshold fluence energy for etching was
AlGaAs and GaAs. When GaAs/AlGaAs wafers were 800 mJ/cs2 in 249 nm and in 193 nm as high as 7
exposed to a 10 keV-FEB and C1 2 molecules, J/cml . In these result, KrF laser is more
etching of AIGaAs was observed only in the FEB- effective than ArF laser. Then we applied
scanned area. The etch rate of AIXGaixAs three laser beams having different two wave-
(O<x<0.7) was about 30 nm/mmn, which is almost length to crystaline SiC in an atmosphere of
Lhe same as that of GaAs. Thls indicates that CIF3 gas. The XeF laser beam was used to
patterning of GaAs/AlGaAs heterostructures is photodissociLte CIF, gas in the proximity ofpossibe ing fB-induced etcing. Is substrate. The divided two polarized KrF laserpossible using FEB-induced C12 etching. beams were interfered on the substrate, and it
The compatibility of the FEB-induced C12 etching was used to locally excite the substrate.

with subsequent MBE regrowth was tested by Then, laser beams were irradiated; Fluence ofgrowing an AlGaAs layer on a GaAs layer KrF laser beam was 1 J/cm 2 , XeF was 50 aJ/cm2 .previously patterned by FEB-induced C12 etching. And incidential angle of KrF laser beams were
The surface of the regrown AlGaAs layer showed 20" and the grating gaps were 7170 A, etching
excellent morphology, which demonstrates that a depth 1000 A, and etching rate were 5 A/pulse.
surface suitable for the subsequent MBE growth
can be obtained by FEB-induced C1 2 etching.
l)M.Taneya et al. Jpn.J.Appl.Phys. 28,L429(1989).
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B3.1 films (Q 500 A) is comparable to that of pure palladium

LASER BASED AREA SELECTIVE PROCESSING FOR HIGH (P = 2pd).
DENSITY INTERCONNECTS Y.S.LIU and H.S.Cole, From other studies [1,2] we know the process is not
GE Research and Development Center, Schenectady, N.Y.12345 photopyrolytic and the films are largely free of oxygen

and carbon contamination. The adhesion of the palladiumThe growing interest in laser processing in recent years has come films is very good and has been demonstrated to be
from the increasing demand for an adaptive processing technology suitable for applications as an interconnect or thin film
that offers capabilities of quick prototyping. rapid design and resi stor.
fabrication of relatively low volume application specific IC's,
and the need for yield enhancement and circuit restructuring in Deposition of palladium from Pd(C3 HS) (C5H5 ) is an
fabrication of increasingly complex electronic devices and circu-
itry. alternative to deposition from palladium acetate which

has also been proposed as an organometallic source
This paper reviews use of lasers for area selective processing compound for palladium deposition on polyimides [3].
for high density interconnect applications and discusses, speci-
fically, several laser based techniques developed for patterned [1] G.T. Stauf, P.A. Dowben, K.-H. Emrich, S. Barfuss,
metallization using either direct or indirect two-step processes. W. Hirschwald and N.M. Boag, J. Phys. Chem., 93, 749
Materials and processing requirements such as process speed, (1989).
resolution, sensitivity and interface properties are addressed. [2] K.-44. Emrich, G.T. Stauf, W. Hirschwald, S.Barfuss,
Topics also include use of two-step laser catalyzed surface modi- P.A. Dowben, R.R. Birge, and N.M. Boag, Mat. Res. Soc.
fications for improving processing speed, metil/polymer inter- Symp. Proc., 131, 401 (1989).
faces, and high-speedUV laser via-drilling for multi-level [3] Y.S. Liu and H. Cole, Mat. Res. Soc. Symp. Proc., in
interconnects. Press.

' This work has been partially supported by ONR/SDIO under the B3.4 ABSTRACT NOT AVAILABLE
contract number N00014-85-C-0890.

LII.LB3.2 SELECTIVE CHEMICAL VAPOR DEPOSITION OF TUNGSTEN ON
LASER DIRECT WRITING OF OPTICAL LASER-WRITI7EN PRENUCLEATION PALLADIUM PATTFERNS$

INTERCONNECTS IN POLYIMIDES AND SiO2 :TiO2  Oliver Gottsleben and Michael Stuke, Max-Planck-Institut fur
COATINGS. D.W. Hewak. and H. Jerominek, National
Optics Institute, 369 rue Franquet, P.O. Box 9970, Sainte-Foy, biophysikalische Chemie, P.O. 2841, D-3400 G6ttingen, F.R. Germany
Quebec, Canada GIV 4C5.

Laser direct-writing ib an emerging technique for the Laser-written palladium patterns on A12 0 3 ceramic substrates are selectively

fabrication of customized interconnect networks for VSLI amplified by tungsten using conventional chemical vapor deposition CVD
circuits. with tungstenhexafluoride WF6 and hydrogen H2 . The palladium structures

Fabrication of optical channel waveguides in commercially are formed by 248 nm UV excimer laser irradiation of spin-coated 1000 A
available polyimides and SiO2 :TiO coatings by Ar laser palladium acetate films in air leading to a Pd-prenucleated substrate surface.
direct-writing is reported. Channels were fabricated on Non-exposed palladium acetate film is removed by a solvent and the
thermally oxidized Si wafers. Based on the transmission spectra
of the materials used, the mechanism of writing was identified substrate transferred to a small vacuum chamber equipped with a heatable
as thermal in origin and due to VIS light absorption. Post- substrate holder and a WF6 /H 2 gas handling system. The dependence of the
writing development removed the untreated material leaving tungsten growth on the substrate temperature and the pressure of WF6 and
the desired channels.

H2 will be given. The selective growth of tungsten is self-limiting at a
Channel waveguides were fabricated with laser power up to 500 height of about 1000 A depending on experimental conditions. The height
mW at 458 nm and scanning speeds up to 250 microns per sec. of the grown tungsten line increases with temperature and H2 pressure and
Adhesion of the channels to the substrate and complete
removal of the untreated material were the major difficulties seems to be catalysed by the binding of hydrogen to palladium. Electron
overcome in the fabrication procedure. Prism and butt- microscope pictures of generated palladium and tungsten patterns will be
coupling techniques were used to study light propagation in the shown.
fabricated structures. The propagation loss measurements
revealed that attenuation in channels was of the same order as B3
in slab waveguides made of the same material, i.e. 1 - 5 dB/cm
at 633 nm. ANOMALOUSLY DEEP STRUCTURES PRODUCED IN II.-V

MATERIALS BY COMBINED FOCUSED ION BEAM
B3.3 IMPLANTATION AND DRY ETCHING. LLI Haiott, Henrvk

Temkin, and Yuh-Lin Wang, AT&T Bell Laboratories, Murray Hill,
SELECTIVE AREA DEPOSITION OF CONDUCTING PALLADIUM FILMS New Jersey.
ON POLYIMIDE RESINS. Yngni Kim, S. Bialy, R. Miller,
J.T. Spencer, and P.A. Dowben, Center for Molecular We have developed a direct patterning process for inP based materials
Electronics, Departments of Physics and Chemistry, which uses ion implantation followed by dry etching to produce surface
Syracuse University, Syracuse, N.Y. 13244. topography. The substrate is first implanted with a 20 keV Ga+ beam

focused to 0.2 micron diameter. The surface pattern then developed in
We have demonstrated that conducting palladium films can the substrate by etching4 with a low energy (25 -100 eV) flood Ar + ion
be selectively deposited on Kapton and Ultm 1000 beam in a Cl2 (5x10" Torr) atmosphere. This process has been
(polyetherimide). The selective area deposition of integrated in a common vacuum chamber with a gas source molecular
palladium is undertaken from the UV photolysis (A - 337 beam epitaxy (GSMBE) system. In-situ patterning and high quality
nm) of allylcyclopentadienyl palladium. The photolytic overgrowth has been demonstrated for low Ar* ion.energies during
deposition process does aot melt or damage the poly--mide etching.substrates and the conductivity of the resulting thicker

Step heights as large as 6000 A have been produced with this
technique. The effect of the 20 keV Ga+ ion beam clearly extends far

87



beyond its calculated projected range of 150 A. The etchil depth pJ surface to the laser beam did not change after the ion
thefeatys increases rapidly foi Ga' ion doses from 10' to 10"' irradiation, the etching rate suppression was considered
ions/cm . At doses above 2XI0 4 , the depth continues to increase but mainly due to the crystallographic change in a surface
at a much slower rate. The etched depth of the features does not layer.
depend strongly on Ga+ 

ion beam dose rate or angle of incidence
(channeling). The step heights depend most strongly on the substrate
temperature and Ar ion energy during etching. Our observations B3.9
seem to support a model of the etching process which includes point PRECURSORS TO PHOTO-ABLATION OF SODIUM TRISILICATE
defect diffusion to explain the anomalously deep effect of the Ga

4 
ion GLASS DUE TO UV EXCIMER IRRADIATION.* P. A. Eschbach, .L

beam. We interpret the saturation of the etched depth at doses above T. icknann S. C. Langford, Physics Department, Washington State
2xl0'

4 
as indicative of the formation of an amorphous layer in the University, Pullman, WA 99164, and L. R. Pederson, Pacific

substrate. Northwest Laboratory, Richland, WA 99352.

We will present data illustrating the step height dependence on ion In previous work we examined the changes in the surface topography
implantation dose, dose rate, energy, and species as well as etching ion of sodium trisilicate glass (N220.3SiO 2 ) with exposure to pulsed 248
energy, substrate temperature and C12 flow rate for several substrate nm ($eV/photon) excimer laser light at fluences or 2.6. J/cm 2 , as
materials, well as the character of the products emitted from the glass surface

(e.g., 4/. ions, electrons, ground state and excited neutral atoms and
B3.7 molecules). At these fluences, ablation readily occurs, accompanied

by both photothermal and photochemical processes. In the current
ULTRAHIGH VACUUM COMPATIBLE HALOGEN ETCHING PROCESS study, we examine the precursors of this high fluence behavior at
FOR SEMICONDUCTOR SURFACES. Andrew Freedian and Charter fluences < 2.6 Jlcm2 . The major products observed are photoelectrons
D. Stinespring, Center for Chemical and Environmental and Na . The Na time-of.flight (TOF) position and shape is
Physics, Aerodyne Research, Inc., Billerica, MA 01821 essentially constant over this fiuence range (0.05.2.6 J/cm2 ) during

the initial irradiation of both polished and fracture surfaces. This
We will report on the development of an ultrahigh response is consistent with a photochemical (electronic) emission
vacuum-compatible etching process using a combination of mechanism. As Irradiation proceeds, the ion intensity gradually drops

beans of halogen atoms/molecules and rare gas to very low levels, attributed to the depletion of Na in the surfaceseparate halogen s eisedle a rae region. At higher fneances (> 2.6 J/cn, 2
) and additional bombardment,

ions. The halogen atom aource is based on a microwave the Na* emission eventually regains and surpasses its initial
discharge design (J. Vac. Sci. Technol. A., 1946 (1986)) intensity. The restored ion emission is accompanied by a visible
and can generate an effusive beam of fluorine or chlorine plume due to Na D-line emission, the appearance of neutral Na
atoms admixed in argon or helium carrier gas. Typical Rydbergs, and the onset of surface etching. The number of laser
fluxes of 1-5 x 1014 cm-

2 s " 1 at a substrate-source pulses required to pass through the transition phase depends strongly
aperture distance of 7 cm are obtained. We will describe on laser fluence. The role of photo-induced emission of electrons and
results of quartz crystal microbalance measurements of Nay in the eventual onset of ablation will be discussed. Correlations
chlorine atom/molecule-argon ion etching of aluminum and of these studies with XPS and IR spectroscopy of the sodium
gallium arsenide. We will also report on x-ray photo- trisilicate substrates will also be presented.
electron spectroscopy experiments aimed at understandingthe basic microhemistry of chlorine interactions with eWork supported by the National Science Foundation under Grant
both substrates. DMR 8601281, the Office of Naval Research under Contract N00014.b7-K-0514, the Washington Technology Center, and NORCUS.

This work is supported by the National Science Foundation
under the Small Business Innovation Research Program. B3.10

X-RAY PHOTOEMISSION INVESTIGATION OF EXCIMER LASER-INOUCED
B3.8 ETCHING OF InP. R. Matz, J. Meiler, Research Laboratories of Siemens AG,

Otto-Hahn-Ring 6, b-8000 Munchen 83, F.R.G.; and D. Haarer, Universilht
CONTROL OF ETCHING RATE IN LASER-CHEMICAL REACTION OF Mn- Bayreuth, Lehrstuhl I. Experimentalphysik IV, Postf. 101251, 0-8580 Bayreuth,
Zn FERRITE BY MeY ION IMPLANTATION. Y. F. Lu, M. Takai, F.R.G.
and S. Namba, Faculty of Engineering Science and Research
Center for Extreme Materials, Osaka University, Toyonaka, X-ray photoemission spectroscopy was used to reveal the reaction steps during
Osaka 560, Japan. laser-induced elching of (100)-InP in HBr and HCI gas atmosphere (0.1-1 mbar) by

exposure to ArF excimer laser light of 193nm wavelength. Under direct exposure
Single crystal ferrite is an important magnetic material of the semiconductor surface, as employed for pattern transfer etching,which is used for magnetic head devices. Laser induced pronounced etching occurs only above a laser threshold tluence which coincides
etching of Mn-Zn ferrite in H3PO 4 aqueous solution by Ar+  

with the energy density tr transient surface melting. P depletion and lormation
laser irradiation was found to result in the etching rate of metallic In within the top surface layers are identified as first steps
up to 340 pm/s whereas the width of the etched groove is towards this efficient etching. The amount of In formed at various fluences is
an order of 100 pm. The change in the etching rate due to well correlated with the dependence 01 etch rate on laser fluence. In a second,he ion irradiation is considered to be an hopeful method~step, the halogen atoms generated by the laser pulse in the gas diffuse to theto obtain ultra-fine structures of ferrite materials by reaction sites on the surface to form InBr or InC, respectively. The
combining laser etching techniques with FIB (focused ion thickness of the reacted layer per laser pulse IS on the rfonolayer scale. The
beam) techniques. layer is desorbed by either a sufficient background substrate temperature above

130*C or by the next laser pulse. When etching with a contact resist mask,The ferrite samii4 e zu~face was implanted at 3 MeV with an exposure of the gas alone but not the surface is advantageous for resist
0+ 

dose of IXIO cm
- 

. The projected range of the ions prolectlion. The halogen atoms then react wilh a stoichiometc InP surface. Also
was estimated to be 1.8 um by a TRIM calculation and RES in this case, no reaction products with P are found which is probably due to the
measurements. Ferrite samples immersed in 85% H3 P0 4  high vapour pressure of its halogenides. With the substrate at room temperature
solution was etched by scanning the focused laser beam however, an In halogenide layer grows under diffusion control up to a saturation
with a diameter of 13.2 um (at l/e intensity) and a laser thickness of about 20 monolayers. Growth Of this layer can be avoided or its
power ranging from 10 mW to 70 aoW. removal can be caused again by raising the substrate temperature above 130*C.

where the halogenide vapour pressure exceeds the etch gas pressure. TheThe laser induced etching is suppressed by the ion lemperature is well compatible with most phooresist processes.
implantation. The etching rate in ion irradiated area
decreased to less than 50 % of that in an unimplanted In agreement with experiments, the results suggest that above the desorption
area. The etching rate is mainly suppressed at the temperature of the halogenides, the spatial resolution of the whole process is
surface layer thinner than the projected range, and the largely determined by lateral gas phase diffusion of the halogen atoms. Below
suppression decrensed and vanished when the laser power 'his temperature, however, the In halogenide can be used to passivate unexposed
was increased. Since the reflectivity of the sample surfaceareassolhatthespatialresolutionisimproved.
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B3.1l surface. The lateral growth rate and matcrial quality (if Ihis
SELEC'TIVE ETCHING AND PHOTO-BLEACHING IN THIN ocrgrowth arc Strongly afTected by the oricnlation if the
ANORPHOUS Ge-Sb-S FILMS. Evdokia B. Savova and siliconiinstilathr edgc. Best material quality is achieved wN'hcn
Boyill I. Pashmakoff, Institute of Solid State (100) plane- are allowed to gr w laterally. Result,; are presented
Physics, 1784 Sofia, 72 Lenin blvd., Bulgaria showing that silicon can be grown laterally with no defects. De-

fect ctching. TEM. and electrical measurements are used char-A mechanism is proposed for the selective etching acterize the material.
effects in thin amorphous Ge-Sb-S films based on the
combined action of photostructural changes and
alkaline solvent with a surface active substance. The overgrown silicon material has been applied to the fahri-
Evidence is given in support of the assertion that catiof Ofa three dimensional DRAM cell. The cell consists of a
the same phototructural changes (namely, the break- trench capacitor which is overgrown with silicon sclective
ing of Ge-Sb bonds under the action of UV light) are epitaxy. A transis tr and isolation are then built aove the
responsible for the irreversible photo-bleaching of tiench capacitor resuIling in a cell that occupies the same aren
these layers. as the transistor alone. Fully functional memory cells have been

built. The results show that selective silicon epitaxy is a realislicFive different compositions in the syst"em Ge-Sb-S candidate I'm building three dimensional silicn devices.
have been studied under different preparation condi-
tions (thermal evaporation and laser-beam sputtering).
Photostructural changes were induced by VV light and B4.2
Nd-glass laser treatment. Infrared and Raman spectra REACTION MECHANISMS IN SELECTED AREA
of the layers are presented in support of the propos- SURFAC RE I N MEC IN E ails
ed model. EPITAXY OF _-V's. S J C Irvine, H Hill, J E Hails,

S J Barnett and J B Mullin. Royal Signals and Radar Establishment,
B3.12 Malvern, Worcestershire UK

ULTRAFAST IMAGING OF ULTRAVIOLET LASER Ultraviolet radiation can be used to enhance the growth rate of
ABLATION AND ETCHING OF POLYMETHYL I-VI compounds such as CdTe and HgTe at temperatures below the
METHACRYLATE. Bodil Braren. R. Srinivasan. Kelly G. precursor pyrolysis thresholds. The enhancement of growth rate is
Casey. and Mildred Yeh. IBM, T. J. Watson Research Center primarily a vapour absorption-decomposition reaction but the

measured growth rates are approximately one tenth of those expected
Yorktown Heights. NY 10598 for diffusion limited growth. In the case of CdTe, the projection of

a pattern by UV radiation onto a substrate can cause considerable
Ablation and etching of the surface of polymethyl methacrylate enhancement in growth rate, leaving a well defined topographic
(=PMMA) by pulses of 248 rim laser radiation -20 ns full width pattern. This process relies on absorption of UV radiation, (a) in

at half maximum (FWHM) have been probed by pulses of visible the vapour for photo-dissociation, and (b) on the substrate to
overcome surface kinetics. Recent results will be presented for CdTe

laser radiation (596 nm; <500 ps FWHM). The results were re- photo-epitaxy on (a) the effect of reduction in total irradiance in
corded photographically in real time with a set time delay be- the vapour due to masking, (b) the effect of UV jiftensity on the
tween the 248 nm ablation pulse and the 596 nm probe pulse. surface and (c) surface absorption of visible radiation.
Modification of the surface structure of the polymer at a uence The extension of surface reaction mechanisms to other II-VI's will

be discussed. Where the compound is weakly bonded, as is the case
- 3 1/cm2 is first visible at 12 ns and appears to be complete in for Hg compounds, the surface kinetic suppression of growth rate is
- 60 ns. The first manifestation of the ablation does not occur more severe. The potential for selected area epitaxy of HgTe should
until the UV pulse is over and consists of a nearly transparent be more promising, but effects such as charge transfer assisted
shock-wave that has an initial velocity of 6 x 104 cm/sec. Solid desorption of hydrocarbons may be more difficult to modulate

- optically due to the much higher intrinsic carrier concentration inmaterial from the ablated zone begins to leave the surface at this semimetallic compound. The potential for selected area epitaxial
150 - 200 ns and reaches a maximum in intensity at 6 us,' con- growth of II-VI's for in-situ processing of new opto-electronic
tinuing for - 20 /Ls. The average velocity of the solid material, device structures will be considered in the light of recent results.
which is probably a low molecular weight polymer of PMMA, is
1.5 x 104 cm/sec. B4 .3

The conclusion to be drawn from the present work is that the Novel Stacked CMOS Process by Local Overgrowth. Rene P.
Zi, B. Hiifflinger, Institute for Microelectronics, D-7000 Stuttgart 80,

signal measured by photoacoustic detectors does not coincide FRG; and G. W. Neudeck, Purdue University, W. Lafayette, IN 47907,
with the bulk of the material leaving the surface. USA.

B4. 1 A new CMOS process has been developed to produce complementary
devices on top of each other. The second silicon layer is grown by

;I I I ( I I\ I Sit VI I( )N I IIIl ,I \\) I ( ,kJ)V+kkN(J 1 ) It1 \NJ chemical vapor deposition (CVD) silicon epitaxy, where the growth is
S I Rt;('lRIS. (in,\ Ilio.intal. IBllM Rc'.t':irch )iti'.i,'ii. seeded with windows in a oxide film on a preprocessed wafer. Theepitaxy
'I ,[ k, I liglh,. N '. progresses both vertically and laterally from the seed window, forming a

crystalline film on this oxide. This growth is only seeded where devices
II silicon m ict llnit-, memo..I cell% and chips ;tic ued lII will be built, to enable contact holes to devices realized in the substate. A

dcelop the mot adtanced Ic.liiligy. In he fttirc these chip% process with self-aligned sourcc/drain and stacked gates, as well as one
%kill ICquitc 1t, tnl thce diciihnal ltlttltuie I to achieve Ile with ajoint-gate between both channel types in the two device layers were
neetle'letliv. I hi'. talk dt'clilws the uw of sel c-ise silicln realized. We observed no deterioration of bulk device characteristics
epiiax to buiid thiee dininiional )RAM cell,. associated with the fabrication steps necessary for the second active layer.

The silicon-on-insulator (S0l) devices in the top layer exhibited mobilities
.electlie silicon epitaxy is grown at reduced pressure anti comparable to transistors built in bulk material. Contrary to zone-melt

lempciattic (4013ort and 4)O(C) in a ,SiC4 2I ambient. Sic, nwystllindon (ZMR) nuatial, device parameters were very reproducible
c" 1i~h ttielticor % ran I ro cilon ih S i-CI across the wafer and from lot to lot due to the defect-free crystallinereact'. with a silicon stilslrbate to griw epitaxial silieon with tl(I material. SOl films with impurity levels of 8.8-10 1 5/cm 3 were producedas a by-prodluct. [ he IIC1 inhibits dleposition of silicon on

instilators leading t. selecive giwth. Lateral growth of silicon by local silicon epitaxial ove-growth with trichlorosilane as source gas for
pit is lahieve whenecthve ior. aera gflu wih toe silicon selective epitaxy at 833-9000C. Trichlorosilane allows selective epitaxy
pitiaxy is achieved when the in~ulah% are flush with the %ilicon without the additon of HCO gas, therefore lowering the impurity level of
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the silicon considerably. The lateral epitaxy, which was restricted to device found to be different from those obtained by MOCVD. This is attri-
sites, was thinned to 0.7jim thickness by chemo-mechanical polishing. buted to different growth temperatures and the added photochemical

Surface channel mobilities of NMOS devices built in the bulk material enhancement inherent in the LCVD technique. We will report the

were 700m 2/Vs and 165crn2 /Vs for p-channel transistors in the SOl film, processes involved in dopant incorporation.
both for devices with top and submerged gates. Subthreshold slope was
about 100mV/dec for either channel type, threshold voltages were 0.5V Work is supported by SDIO and NSF
and -1.5V, respectively, and leakage currents were well below ipA for
100;im channel width devices in either layer. B4.6

B4. 4 LASER INDUCED SURFACE CHEMICAL EPITAXY. Chater
Stinespring and Andrew Freedman, Center for Chemical and

LASER ASSISTED MOLECULAR BEAM EPITAXY (LAMBE) GAAS ON Environmental Physics, Aerodyne Research, Inc.,
SILICON PHOTODETECTORS, A. Christou. N.A. Papanicolaou. and G.W. Billerica, MA 01821
Anderson. Naval Research Laboratory. Washington. DC, 20375, and A.
Georgakilas P. Panayotatos. Foundaion for Research and Technology-HELLAS This paper describes ongoing experimental studies (Chem.
(F.O.R.T.H.)l1I-VMicroelectronicsGroup. Crete, Grece Phys. Lett. .14, 584 (1988); Appl. Phys. Lett. 52, 1959

(1988)) of the thermal and UV photon-induced reactions
The monolithic integration of GaAs photonic devices and silicon electronic devices of dimethyl cadmium (DMCd) and dimethyl tellurium (DMTe)and circuitsoffersthepotentialofcombiningthesuperiorspeedandoptoclectronic on GaAs surfaces. The objectives of these studies are
capabilities of GaAs based circuits with the sophistication of silicon VLSI to provide an understanding of the underlying chemical
technology. The frst step toward the realization of this goal is the development mechanisms and to explore novel approaches to CdTe
of high performance optoelectronic devices such as photodetectors and lasers onGaAs material grown epitaxially on silicon substrates. heteroepitaxy. The work focuses on CdTe heteroepitaxy

because of the importance of this material in electro-

In this study various photodetector structures have been fabricated on LAMBE optical systems. DHCd and DOTe were selected for
GaAs epitaxially grown on high resistivity silicon substrates. In realizing GaAs investigation as precursor species because of their
epitaxial layers grown on silicon by molecular beam epitaxy, it was necessary to inherent scientific interest. The gas phase photo-
iniually optimize a GaAs nucleation layer deposited at 300C followed by a stain chemistry of DNCd and DHTe has been extensively investi-
accommodation layer grown at 620*C. An excimer laser at 248 nm and 120 gated; these molecules are known to undergo single
mJ/cm 2 was used to assist in the growth of the nucleation and accommodation rather than multi photon dissociation to produce ground
layers. A 300 A GaAs nucleation layer was initially grown followed by a five state metal atoms. The basic questions we attempt to
period AIAs/GaAs multi-quantum well region, each 100 A thick, for a total
thickness of 1000 A; finally a2 gim undoped active layer followed by a 2000 A answer In this study are: i) How do DMCd and DMre inter-
thick n layer anda50Athick n+ conact layer copleted thestu act with the surface of a substrate or growing thin film?cture" and ii) Is this interaction such that single photon (as
Thetypesofphoodetectorsinvestigasedihcludedlinearpotoconductorsandthee opposed to multiphoton) processes can be used to produce
types of interdigitazed finger devices: Metal-semiconductor-metal (MSM); metal adspecies and, ultimately, epitaxial CdTe thin
Schouky diodes having one set of Schotky metal fingers and one set of ohmic films? Analysis of photodecomposition efficiency and
fingers (S-O detectors); and photodetectors consisting of two sets of ohmic fingers product species distributions show widely different
(0-0 detectors). The evaluation of the .4otodeteciors was made using 840 nm results for single and multiple adlayers. These results
wavelength pulsed light with a pulse width of 5 s and rise (tr) and fall (if) times provide key insights into the underlying mechanisms of
of 200 ps. The tr and tf of both the linear and interdigitated devices fabricated in the photon-adspecies-substrate interaction.
the undoped GaAs layer were in the 1-2 ns and 3-6 as ranges, respectively. These
Iuulw'ere toinl btetinim obtainedfmorpotoconductorsfabrlicatedonGaAs This work is supported by the Air Force Office of
MBE layers grown on GaAs o iade directly on semi-insulating substmtera Scientific Research.
using similar measurement techniques. The responsivity and quantum efficiency
values of the photoconductors were in the ranges 0.6-0.9 A/W and 0.9-1.4,
respectively. B4. 7

LASER PROCESSED SILICIDES FOR GAAS HEMTS, W.T.B4.5 An.%, A. Christou, Naval Research Laboratory, Washington,

LASER SELECTIVE AREA EPITAXY FOR THE INTEGRATION D.C.; and C. Michelakis, G. Kiriakidis, Research Center of Crete,

OF OPTOELECTRONIC STRUCTURES. H, Liu, J.C. Roberts, J. Heralion, Crete, Greece.

llamdani and S.M. Bedair. Electrical and Computer Engineering Laser annealed refractory metal gates have been developed for GaAs
Department, N.C. State University, Raleigh, North Carolina and high electron mobility transistors (HEMT) fabricated on MBE

layers grown on laser desorbed substrates. Amorphous(a-) refractory
We report for the first time the selective epitaxy of device quality metal silicide films were sputter deposited by a method in which the
films using laser enhanced chemical vapor deposition. Selective and RF power to separate refractory metal and silicon targets were set at
independent deposition of quantum wells, planar doped and p-i-n predetermined deposition rates and the substrates were rotated with

respect to the sputter targets receiving a 0.2 to 0.5 nm film on each
structures will be reported. pass. This method has the following advantages over sputter

deposition from a single target: (1) overall average composition can be
Sources used are TMG, AsH 4, PH3 , DMZn and SeH 2 for the growth better controlled by varying the power, and thus film thickness on
of GaAs and GaAsP doped with Zn or Se. When the GaAs substrate each pass, to the separate targets, (2) amorphous films, which are
is kept at a temperature less than 400"C, epitaxial growth takes desirable as diffusion barriers, are always obtained because a-Si is
place only on the area exposed to the Ar' laser beam. Spot sires in deposited on each pass of the Si target, and (3) because the substrate
the range of 250 - 1000 im were achieved and films were character- spends only a small time near the sputter target as it rotates, the

surface temperature remains lower than if a single sputter target were$zed by photoluminescence. Hall and C-V techniques. used and photoresist can be employed to lift 1.0 pm long gates.

GaAsP-GaAs-GaAsP single quantum wells with different well The a- silicide gates were laser annealed to reduce the gate resistance
widths, thus emitting at different wavelengths, were selectively depo- using a 308 nm excimer laser. Laser annealing has the advantage
sited on a GaAs substrate. Also, planar doped structures consisting over rapid thermal anneal or oven anneal in that it is not necessary to
of a planar sheet of Se atoms embedded between two undoped GaAs heat the entire wafer and individual structures can be selectively

annealed. Annealing is accomplished by adjusting the energy density
films were selectively deposited. Planar doping was achieved by to penetrate only part way into the film, ideally resulting in a phase
simultaneous exposure to AsH 3 and SeH 2 during the LCVD process change to polycrysulline material of lower resistivity, leaving the
and a sheet carrier concentration in the 10' 2-10 3 /cm 2 range was bottom part of the film as a well behaved amorphous diffusion
obtained. Doping characteristics, especially for p-type dopants, were barrier. In the case of films < 40 nm, the heat pulse reaches the a-
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silicideKGaAs inerface and Ohmic contact is formed by interdiffusion, novel technique which uses a combination of electron-
as revealed by Rutherford Backscautering. HEMTs fabricated by beam lithography, reactive-ion etching and Co ion
these methods exhibited reduced light sensitivity compared to imlnao.
conventionally fabricated HEMTs.imlnao.

B4. 8 Two di fferent approaches have been taken. In one case
MASLES FOKAIONOF UNGTE FIM B IO BAM NDUED the Co is selectively implanted by use of a mask,

DEPOSITION TECHNIQUE. Zheng Xu, Kenji Gamo and Susumu Srcue rdcdi hswyehbtna efc
Namba, Faculty of Engineering Science, Osaka University. silicide/silicon interfaces which have not been
Toyanaka, Osaka 560, Japan. subjected to any etching! In the second case the wires

are defined by patterning a continuous silicide sheet.
The tungsten deposition using WF is one of the promising Here the structural quality of the edges of the wires is
ways for Schottky gate metall ization in MESFET and
heterostructure FET devices. Ion beam assisted deposition degraded by the reactive-ion etching.
of tungsten using finely focused ion beams is particularly
interesting because it provide a maskless metallization A comparison of the transport properties of these wires
technique with submicrometer resolution, both as a function of a size and also of method of

In this study, tungsten film was deposited on n-type GaAs construction will be discussed.
substrate by irradiating Ar+, H2+ beams in the WF6 ambient.
The low energy (500-2000 eV) was used to reduce the damage B4.ll
in the substrate. The damage in the substrate and annealing
pro pert ies were examined by Schot tky barrier f ill Rt)II I Ai \)i~~It i(\ \\tI 1111 .\1 ii

characteristics, DLTS and C-V method, and the quality of I( ill 1)1(t It\ illI \01 (~t I11 lb l' II i i ti

deposited film was measured by XPS, RHEED and four probe II \tS b1 1 IKrit Iit\IGnt ......li'ltx~, I I Ill

point method. / 1'"( Route S2. I lop, '.1 lli, nonl Ni 'Iji 5 I 1) l.,.,

W film wit,, purity better than 90 % and resistivity of Il

about 10- ohm.cm was obtained. Schottky barrier was
formted by IBID for a 50' eV H2

4' beam irradiation without lilxl llIell 11111ii'.i 111 ~ lltii 1 (i ,1,I l'I

an,- annealing, while aim ohmic contact was formed fur 2 iellIk inllrllrtailt for Ili, wiit r (i liii 'l 'iiiII VI' o"ll \\h I -J .

keV beam irradiation. 1.. case of Ar+ beam irradiation, (1ii i asnutraft filtil Ili,, i lllxnil\ f ti wIclilill -II s

almost ohmic contact was formed for both 500 eV and 2 kelf ssrl) ltlcistli l ai'Illl 1,11teii tliI i

beam, due to the heavier damage in the substrate . After xi rcsxcd t ie impitw c 1 Of hi e PIixRii,Ii dO hI hIii I'l IOlO I.aII' t ... 1,iti

anneal ing at 350 0 C for 10 min, most of the damage was for dlepoisiftin + 11 ZIn a r esattaill II tifle i -iIiiee III 1I 1,li ,lili I , -

annealed out for both 500 eV and 2 keV H2 + and Ar+ islc of olrgaic inlciles %dthtli ar:lillmlm 1" hrilti a1 oi.oI, t -n ....... 1\

irradiation, and all the contacts show SchottkT used for ilik Purpolse, Oer a ranre oltItilriie ii ll1III liii
characteristics. The n-factor ranges from 1.01 ( 500 eV Ar t ao lsue1:1'iutu s ~ttillliIItl il''~eiI

)to 1.61 ( 2keV Hl2 + ) . The barrier height was 0.67'-0.88 stvrenc. midoI itr-xtsrcn:t ie e \iii pl, 1 loll i ci -l
eV for H + irradiation. mnore tian an iirder (if maglniue, eiii llc (5'in ll I h1ll i, I I111 d I 11 \1

stihslttnent intact I It inilrlaie (i thei I0111 )fil ;1 11 l li I" 'lx ll

B4 9parjiti (if thie depowstiti, clltacwlstk5lx ,I CIII' I heti Ide -J t i -e t

heneene I(, (lie XVvinvl- rnaleriix lixteil &-"i III clill.xI I hl lit

NANO LCTH OGRAPHY BY STM ON Rb0 3MO 3 , A CONDUCTING 111, derpositiion i% posihle \kith all ftxe iflactk~.l I Iii cmc 1, 1, i.

OXICE . G. Rudd , D. Novak, S. Wang, S. H. Garofalini tion \ield] ix fiund to w c with the eirlitlhtl IIIl il p '"''. i Ili -0

and E. Garfunkel , Departments of Chemistry and perat ure range studied (iH 25 l Ih Ii, iolr ho-I'lli ph-,
Phoys ics , Laboratory for Surface Modif icatiorn, and adlsorpttion ratlier tlian the presee ori allxi-ii (I if lil I-Ili 1, [1ilp]rl III il

Center for Ceramics Research, Rutgers University, kei. role in detertmining deposition rlpertl.. i ii,ii nIli I.. O I
Piscataway, NJ 08855. intvoleing ioln bean induced oiepoxitiiii If tiiiii 121

We present results demonstrating the use of a Ill \1il Vafle and I R Ilarrioi t'ilc Ill IIIL 1rd ltit ',\ Ii i I ;.- to
scanning tunneling microscope (STM) to image and Ion, and Pholltoll tcarrix \litilcrc\ \\tiIli~lI II ' x,ll~~

modify the surface of a conducting oxide ii oeiec IQ09 1
(Rb0 3MoO ) . We shcwd that indivir~l,. octahedral MoO6  11AI tiiet andl A \Vailel. I \pt<Ph 64i ")- I'i'

units o? the jxide can be ime jed Under certa ,n 2AI
conditions controlled defect- can be etched
(written) on the surface which are stable in air. B4.12
Features such as lines, holes, and squares as small
as 1 nm deep and 7 nm across are observed. We also LASER ABLATION AND PLASMA HYBRID TECHNIQUE FOR
consider possible STM based mechanisms of writing DEPOSITING MULTILAYERED STRUCTURES. J. Krishnaswamy,
on oxides such as abrasive etching, heating, and S. Sharan and J. Narayan, Dept. of Materiais Science and
hot electron processes. Potential applications inNhCr'nSteUnvsiyRaegNC265
nanolithography for memory storage and electronic Engineering, NorthCrlnSteUivstyRaigNC265
devices which display various quantum size behavior 7916; and 0. W. Holland, Solid State Diviston, Oak Ridge National
are discussed. Laboratory, Oak Ridge, TN 37531-6118

B4 .10 We have recently reported1 a laser ablation and plasma
COMBiNING ELECTRON AND ION BEAM TECHNIQUES FOR THE hybrid technique of depositing hydrogen-free diamondlike, hard
PRODUCTION OF BURIED SINGLE-CRYSTAL METALLIC carbon films on room temperature substrates. The new technique
WIRES, S .Begr Julita E. Woroniecka, H.A. Huggins, enhances the non-equilibrium processes during laser ablation

laboratorite, Murra hl, n .LretATTBl and further helps in depositing films with improved properties. In
LaboatoiesMuray HllNJ.this paper we report on the deposition of a multilayered

We have fabricated single-crystal metallic wires of tungsten/carbon film. A 20 nsec (FWHM), 308 nm XeCI laser beam

CoSi2 buried beneath the surface of a Si wafer with is sequentially focussed on closely placed tungsten and carbon
widths down to -100 nm- The wires are formed by a targets to deposit a - 500A thick film with W/C multilayers. The
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ablation circuit was configured in the laser ablation and plasma with previously published experimental results. A factor of
hybrid mode to form the film, since the laser energy alone was not four enhancement in etch rate is shown with a aid of a
sufficient to ablate tungsten. The films were characterized by RBS magnetic field.
and transmission electron microscopy techniques. 1. D. C. Hison et al, Semiconductor International, Vol. 103,

p.10, 1983.
1. J. Krishnaswamy, A. Rengan, J. Narayan, K. Vedam and C. J.
McHargue, Appl. Phys. Lett., 54, 2455 (1989). B5. 3

SILICON FILM AS A NEW ETCHING MASK FOR InP DEVICES,
B5.1 X.S. Wu, Shuojin Wang* and Zhangde Lu, Shanghai Institute of

Metallurgy, Academia Sinica. Shanghai, China; and Jun Chen,A NEW MODEL OF POLYMER PHOTOABLATION KINETICS. Institute of Materials Science, Fudan University, Shanghai,
Sylvain Lazare and Vincent Granier, Laboratoire China.
de Photophysique et Photochimie Moleculaire, UA
CNRS 348, Universit6 de Bordeaux I, 351 Cours
de la Liberation, F-33405 Talence, France. Silicon film as an etching mask or a diffusion mask for GaAs

devices was reported previously. For similar reasons siliconThe amount of polymer ablated per pulse of the also has been expected to be a good etching mask for InP
excimer laser radiation (193, 248 and 351 nm), based materials and devices.
was precisely measured over a large range of
fluence, with the quartz crystal microbalance On this letter, considerably different etching behaviors
technique. These etch curves are analyzed with between silicon and InP were shown in several chemicals. On
our new model of the Moving Interface, which (100) InP substrates, silicon films were deposited by a rf
provides B, screening coefficient and k, (13.56 MHz) ma&netron sputtering system at room temperature
ablation rate constant (true ablation rate). with a target of unintentionally doped silicon. For
This model allows for the first time the comparison, a Si0 mask was also deposited on InP substrate
evaluation of the attenuation of the laser by CVD system at low temperature. The films were analyzed
beam, due to the absorption of the radiation by with SIMS, showing that the films were relatively pure
the ablation products. Each couple of polymer silicon up to the interface or Si02,respectvely.
and wavelength is characterized by a unique
couple of B and k. Both B and k increase by InP with Si mask or Si0, mask were etched in several
shortening the wavelength. The influence of conventional chemica The etched facets were observed by
some polymer structural parameters is SE14. Their undersirable etched undercut were compared. It
evidenced. At very high fluence, the appearence is shown that undercut of InP with Si Stripe mask is smaller
of a new etching mechanism (probably plasma) is than that with SiO mask In most of above chemicals, the
revealed by the sudden acceleration of etch undercut of Si/In almost can't be observed as shown in the
rate. Figures of the paper. However, the biggest undercut of Si02

/InP is 0.83 in the solution of HCl and H3 POi (1:1). The
The model predicts that for high B polymers, relatively stress of interface of Si/InP a:nd 5i02 /InP were

products should strongly depend on fluence and measured. The relation between stress and etched undercut
wavelength. This is supported by the study of was discussed.
ablation products deposition. Spatial
distribution, rate and yield vary with the mean * Permanent address: Zhejiang University, Hangzhou, China
size of the ablation products, since only large
molecular fragments can deposit.

B5.4

B5.2 ETCHING OF GAAS ON ALGAAS IN RIE-MODE G.Kaufel, E. Olan-
der, Fraunhofer-Institut fur Angewandte Festkrperphysik,A PROCESS MODEL FOR REACT'IVE ION ETCHING Eckerstra~e 4, D-7800 Freiburg, W. Germany.

AND STUDY OF THE EFFECTS OF MAGNETRON
ENHANCEMENT, M. MewaDDan. Scientific Research This paper reports on the selective reactive ion etching
Associates, Inc., P. O. Box I058, Glastonbury, CT 06033. (RIE) of GaAs on AlGaAs for recessed-gate GaAs MESFET

Reactive ion etching (RIE) has essentially replaced wet technology.
chemical etching as a preferable method for accomplishing MESFET or HEMT structures were grown, using MBE or MOCVD,
fine-line lithography and selective etching. It has been shown including thin (3 nm) AIGaAs etch stop layers to preci-
[I] that use of a magnetic field (MIE) confines the electrons sely control the depth of the etched recess and hence the
closer to the cathode, thus increasing ionization efficiently threshold voltage of the devices. The structure of inter-
and offering low pressure, low bias etching. In both RIE and est for etching consists of an 80 nm GaAs layer
MIE, it is not well understood howvarious system parameters (n-3xho0B/cm3), which is the contact layer of the recessed
such as gas flow, pressure, bias voltage, magnetic field gate devices, and a 3 nm AlGaAs etch stop layer
strength and magnets arrangement affect the etch rate, (n=30i,17/c 3).
uniformitv and selectivity. The structure below the etch stop layer is dependent on

the particular device to be fabricated, but is irrelevantWe present a process model for the reactive ion etching and to the etching process.

simulation results with and without the aid of magneticenhancement. The model involves solution to the fluid flow We used a Leybold MPE 3003 Plasma Etcher which contains
and reactive species equations using a highly efficient finite two etch modules and one deposition module. The etch gas
difference algorithm. Results for the etching of GaAs using used was CFCl? for GaAs and Ar for AlGaAs. Etching was
boron trichloride (BCI3 ) plasma are presented. Proper done at pressures between 30 mTcrr and 100 mTorr and a
dissociation kinetics and surface reactions leading to etching self bias between 47 V and 250 V. The Etch Profile of the
have been incorporated. For a 3" wafer, the computed etch ransistor gate recess varied with the pressure; the
rates are nearly uniform with slightly higher rates at the edges. largest undercut is obtained at a pressure of 100 mTorr.
This variation is a function of system pressure and flow rate, We found that it was necessary to use self bias voltagesand the physics behind the observations are explained in the below 150 Volts to stop the etching at the AIGaAs layer.
presentation. The computed rates are found to agree well Beyond a certain voltage there is a significant increase
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in the etch rate of AlGaAs. Technology, Cambridge, MA 02139; P. Laibinis, C.
Up to a power range between 0.20-0.30 W/cm2, no radiation Bain, and G.M. Whitesides, Harvard University,
damage to a quantum well structure was observed using Cambridge, MA 02138.photoluminescence.

Pt electrodes can be functionalized by
spontaneous binding of p-(ferrocenyl)phenyl-

B5.5 isonitrile, I, or m-chloro-p-(ferrocenyl)-

(OI'PI "I}RA[I), I.ASIR (S ) I\ II(IIING AND I)IVPoSII0N. phenylisonitrile, II, by reaction of pretreated
lklkiacem Ilaba. lrian %%'. Iluw. e, Arnaia (.lia, an( Robert .). 11meman, IIINI Pt with -1 mM I or-II in CH3 CN at 298 K. FTIR is
Ihm oa.l. \Nataio Re earch (eier Box 218, Yorktow, Ileights, New York I0598. consistent with attachment of I or II via a -NC-

Pt linkage. XPS, AES, and electrochemical
characterizations are consistent with attachment
of one monolayer of redox active material with a

We have carried out experiments for etching manganese-zinc potential of -+0.6 V vs. Ag due to the
ferrite in aqueous KOH solutions using a copper vapor laser. ferrocenyl moiety. XPS and AES show selective
The high repetition rate (5-10 KHz), the high peak power ( binding (>100:1) of I or II to Pt compared to

the Si3N4 substrate of Pt microelectrode arrays.
250 KW), and the short pulse length (10-15 ns) result in rapid An AES line scan shows the isonitrile to only be
etching of grooves with high aspect ratios. The depth of the on the eight Pt microelectrodes each -2 gim x -90

im long x 0.1 pim thick and separated from each
grooves increased with laser power and slower scan speeds other by 1.4 Jm. The data snow that spontaneous

while, the width was limited to the laser beam focus. The self-assembly and microfabrication can be used
etching process is believed to be purely thermal in nature to pattern surfaces with redox active molecular

and limited only by the removal of the molten material out reagents.

of the grooves. B5.8

The copper vapor laser was also used as a source for HOLLOW COLD CATHODE ION SOURCE FOR REACTIVE

projection deposition of various metals on quartz substrate ION-BEAM ETCHING. Stognij A.I., Tokarev V.V.,

by pure pyrolytic process. This system achieved patterns Institute of Solid State and Semiconductor
with fine feature sizes, good resolution, and metallic prop- Physics, the BSSR Academy of Sciences,P.Brovka

erties of the deposits. In this technique, both the spun-on str. 17, Minsk, USSR, 220726.

organometallic films as well as LCVD were tried. The paper reports the results of etching the po-
lyimide film, sputtered onto the SiO2/Si subst-

B5.6 rate with oxygen ion beam. The profile obtained
has abrupt slopes.The paper studies the influence

DOWNSTREAM ETCHING OF GaAs AND InP USING of ion beam energy and argon gas addition onMOLECULAR CHLORINE AND CHLORINE RADICALS. the formation of the rofile "valley art.
David G Lishan and Evelyn L. Hu, ECE Dept., University of y p

California, Santa Barbara, CA 93106. Ion beam parameters were as foll ws: beam cur-

rent density was up to 1.2 mA/cm . beam diame-
We report a Systematic study of downstream etching of GaAs ter was 12 cm, beam radial irregularity did not
and InP in a well controlled, load-locked environment. Base exceed 57, energy range was 2-9 ke. Ion beam
pressures of -5x10- 7 Torr are achievable. Molecular chlorine, was extracted from a wide aperture source of
hydrogen chloride and chlorine radicals are independently wea e foms wide aperture oucetof
used to etch these materials and comparisons are made reactive gas ions with a hollow cold cathode.
between their highly temperature dependent etch rates. A The distinctive feature of the ion source is
novel microwave source (McCarroll cavity) is used to generate the use of double cascade self-maintained dis-
the chlorine radicals in a region remote from the sample and charge at low pressure as an ion emitter. This
thus eliminates physical sputtering mechanisms of etching. ensures high beam operating parameters together
The technique of remote plasmas to generate reactive species with the simple construction of a diode type.
has broad application to in. iu deposition and etching and in Multipole magnet system having constant polari-
this instance it will be compared to conventional reactive ion ty is located along the hollow cathode periphery
etching (RIE) of these materials. just near emission boundary and is employed to

form constant density plasma emission boundary.
In the GaAs system, the remote plasma enhances the etch rate The ion source dnsues well collimated oxygen

by a factor of nearly three in the temperature range from room ion eam with / 3r , co tamination

temperature to 2500C. However, InP data suggest that at ion beam with O /0 > 3 ratio, its contamination

temperatures below 14000, chlorine radicals show no etch rate level is less than 2%. The source can continious-
enhancement over molocular chlorine and perhaps even ly function for more than 100 hours.
inhibit the etching rate. At temperatures above 1400C the etch
rates using chlorine radicals is again slightly faster than with B5 .9
molecular chlorine. Under both of these etching conditions the LASER INDUCED FORWARD TRANSFER FOR THE
temperature dependence is weak above this temperature. In DEPOSITION OF PATTERNED HIGH Tc SUPERCONDUCTOR
contrast, RIE results indicate a rapid increase in the etch rate THIN FILMS. E. Fogarassy, C. Fuchs, S. De Unamuno CRN
past 1500C. Changes in surface morphology and etch (IN2P3) Laboratoire PHASE (UPR n0292 du CNRS), BP 20, 67037
anisotropy as a function of temoerature will be discussed. Strasbourg Cedex, France, and J. Perriere Universiti de Paris VII

(G.P.S. de l'ENS) 2 place Jussieu 75251 Paris Cedex 05.
B5.7 The laser induced forward transfer (LIFT) technique has been
COMBINING SPONTANEOUS MOLECULAR ASSEMBLY WITH successfully applied, very recently (I), for deposing the new highTc
'I CROFABRICATION TO PATTERN SURFACES: YBaCuO and BiSCaCuO superconductor compounds. These materials

COORDINATION CHEMISTRY OF FUNCTIONALIZED are initially deposited in thin layer on an optically transparent support
ISONITRILES TO Pt SURFACES. J.J. Hickman, C. by laser evaporation or another more conventional technique. By
Zou, D. Ofer, and M.S. Wrighton, Department of insdiating under vacuum the film wth a strongly absorbed single laser
Chemistry, Massachusetts Institute of pulse, through the trasparent support, we are able to remove the film
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from the support to be transferred onto a selected target substrate, hold conditions ion bombardment by hydrogen ions in the C2 H6 /H;
in contact with the original film. Using this new technique, we have
successfully transferled with a one single ArF (193 nm) excimer laser plasma leads to reductions in carrier densit in the first -1000 A
pulse Q! 150 mI/cm') YBaCuO and BiSrCaCuO precoated thin film of the near-surface region of InP. This damage can be annealed
(: 0.5 pr) from the transparent support onto various substrates. out around 500"C, and appears to consist of point defects
Transfer mechanism has been examined, in details, by using the one unobservable by TEM. The main advantage to the use of
dimensional thermal diffusion equation to simulate the heating, melting C2-6/H 2  is its better etching characteristics for InGaAs in
and vaporization of these compounds, and possible consequences on 2
their stoichiometry were analyzed. comparison to the CI2 -based chemistries.

Experiments were also performed in order to demonstrate the B5.12
possibilites given by the LIFT technique for patterning the high Tc
superconductor films either by passing the laser beam through a mask ELEVATED TEMPERATURE REACTIVE ION ETCHING OF
(mask patterning) or by focusing the beam with a lens system (direct GaAs AND AlGaAs IN C2 H16 /H 2 . S. J. Pearton, W. S. Hobson,
patterning). AT&T Bell Laboratories, Murray Hill, NJ; K. S. Jones, University

(I) E. Fogarassy, C. Fuchs, F.Kerherve, G. Hauchecorne and of Florida, Gainesville, FL
J. Perriere. . Mater. Res. Vol. 4, n05 Sep/Oct 1989. The etch rate, surface morphology and atomic composition,

B5. 10 depth of hydrogen passivation and near-surface disorder in GaAs
and AlxGajxAs (x = 0.09 - I) have been examined as a function

DIRECT EVIDENCE FOR THE CREATION OF NICROPORES IN UV-IRRADIATED POLY- of tne sample temperature (50-350"C) during reactive ion etching
(NIETHYL METHACRYLATE). J. A. Moore and J.-O. Choi, Rensselaer
Polytechnic Institute, Polymer Science and Engineering Program, Troy, in C2 H6 /H2 . The etch rates are constant with tine, show little
New York 12180-3590. temperature dependence and decrease with increasing Al content

in the A]GaAs. The etched surfaces have smooth morphologies
One rationale offered for the enhanced solubility of poly(methyl methac- for C2 H6 concentrations less than -40% of the total gas volume.
rylate) which has been exposed to ultraviolet radiation (Hg-Xe lamp) The As-to-Ga ratio in the near-surface region of GaAs remains
is that, in addition to a decrease in molecular weight caused by chain
scission, volatile byproducts of the decomposition reaction create unchanged over the temperature range investigated, and the depth
voids or micropores in the film which facilitate transport of solvent of hydrogen passivation of shallow dopants is thermally activated
into !1 a body of the film and thereby enhance dissolution. (DH = 3.1 X 1O- 5 exp(-0.79 eV/kT) for GaAs and 1.8 x 10- 5

Using azobenzene as a probe with an intense ultraviolet absorption exp(-0.85 eV/kT) for AloGaon. 2As). A layer of sub-surface
we have accumulated direct evidence that a larger volume is available dislocations approximately 40 A deep were observed in GaAs by
after irradiation. Azobenzene exists as the extended trans isomer TEM for the highest power density discharges (1.3 W • cm-2).
under normal conditions, but upon irradiation at 335 rm it is isomerized
to the compact cis isomer by rotation about the weakened N-N bond in B5.13
the excited state. Clearly this isomerization process will be affected

by the amount of space (free volume, microporosity) available on the CIIARACTIERIZAT'ION OF SIDEWALL IESIDUE FILM AND
molecular level as long as it is small compared to the molecular dimen- ATOMIC STRUCTURE OF TIlE TRENCII FORMED DY BCI,/
sions of the probe. CIt REACTIVE ION ETCIIING. Sun Jin Yun and Young-

Jin Jean, Electronics and Telecommunications

Films of PMA including azobenzene were prepared by casting polymer Research Inst tute, Dacdog Dani i PD-. Box 8.

solutions containing the probe or by exposing pre-irradiated films Doej eon City. Korea ; aid Jeong Y. Lee, Korea
to the vapor of azobenzene. Under similar conditions, films which Inst i lute of Technology. Dacicon Ci ty. Korea.
had been irradiated imbibed more azobenzene than annealed, unirradiated
films or irradiated films which had been annealed above Tg. These The s i I i con surface contam nation and damage

materials were irradiated at 335 nm and the amount of trans azobenzene induced by trench etching in BC 1,/ClI reactive
which had been formed was monitored spectrophotometrically. The largest ion etching (lIE) process were characteri zed by

amount of photoisomerlzatlon was observed for the pre-irradiated samples means of x-ray photoelectron spectroscopy
which had been penetrated by azobenzene from the vapor, indicating (XPS) . secondary ion mass spectrometry (SIMS),
that the created free volume allowed the isomerization to proceed more and high resolution transmission electron
easily. microscopy (IRTEM) .

B5.11 The residue films at trench sidewall are 70 -

100 angstroms thick and are composed of B and

REACTIVE ION ETCHING OF In-BASED III-V SEMI- Cl. The residue at the upper region of trench
CONDUCTORS-COMPARISON OF Cl and C 2 HF16  sidewall is thicker than that of the lower

CHEMISTRIES. S. J. Pearton, U. K. Chakrabarti, F. A. Baiocchi region. The penetration of energetic ion species
was invest igated by SIMS depth profiling. Atomic

and W. S. Hobson, AT&T Bell Laboratories, Murray Hill, NJ. configuration of a trench structure formed by

BC1 3 /CI, RIE was also observed by HRTEM. The
RIEoflnP, lnGaAs, InAAs, lnAsandInSbinCC 2 F2 . SiC 4 , surface roughness in sidewall caused by trench

C12 , and C 2 H6 /H 2 has been compared in terms of the relative etching is severe more than 10 atomic layers and

etch rates, stoichiometry of the etch surface, and residual ion- the near-surface region is heavily damaged.

induced disorder. The C2H6 /H2 mixture at the appropriate ratio
(1:10) leads to smooth, controlled (100-300 A• min- ') etching of B5. I
these materials, while the C12 -based mixtures lead to faster 1( I lS AI il i III I (15 l\ I WIl'llt I NSI I,

removal (600-1000 min-), but with generally rougher surface T' A\AAtI/\ (Ii (II Al I MtI\t ' t ,her' . I ( csi Vnd ( B
morph.logies. Exposure to the C2 H(,/H 2 discharge lead to ,r ,,,,, IiI .,ch Ii Il

preferential removal of the group V elements to depths of 2,0 A
necessitating the removal of this non-stoichiometric layer in order
to obtain acceptable Schottky diode behaviour. This is not Subsiantial ,lifnirc,.cwe in excimcr li:ner plaian/atin prioces-Ce arc b lcen'd wilh

%tlihmraic heatingt (*avrifie . associated with filling of h.igh as,%c ratio \vias al I,,%,

necessary for C12-based etching, although the RIE samples show ,iha ae heati anies. e miead aith filling hig tatio Wiled
excess surface leakage current Under low pressure discharge wiN ltrai tInpiT tc%n , ca s e tmnratTC Vrisintir', and is rnduced a, 511hitrale
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temperatures are increasd. While required floences for planarivation and sample B5.17
damage both decrease as the sample temperature increases, the relative insensitivity SELECT I VE CH EM I CAL VAPOR DEI'OSITION 0F TUNGSTEN
of the damage threshold generally results in larger process windows at higher tern- FILMS ON TITANIUM ION IRRADIATED SILICON DIOXIDE.
peratures. We also reprti model calculations of the effect of suhstrate heating on II. Okuh ira. S. Nishimatsu, and K. Ninomw ya,
sample temperature distributions and the dortions of the laser driven melts. Central Research Laboratory. ii tachi, Ltd.

Kokubunji, Tokyo 185. Japan.
B5.15

We demonstrate the selective deposition of adherentWHOLE COMPOSITION RANGE DEPOSITION OF THIN FILMS tungsten (W) films on titanium (Ti) ion irradiated
BY MAGNETRON COSPUTTERING AND ITS APPLICATIONS. silicon dioxide (Si0. ) using consecutive processes
a; e hen Huazhong University of Science of ArF excimer laser chemical vapor deposition (CVI)

a nology, Wuhan, China; Yu-Dian Fan, and and low-pressure (LP) CVD.
Heng-De Li, Tsinghua University, Beijing, China.

Ti ion irradiation is performed through a stencil
Magnetron cosputtering, i.e., simultaneous metal mask in a CVD reaction chamber. Typical
sputtering of two or more element targets, was energy and ion doses are 600 eV and 1. 1 x 10 ' cm-

employed to deposit alloy thin films of 1"/ binary respectively. Laser CVD with WF, and H. is then
systems such as Co-Mo and Cu-Mo. The films which performed for 40 seconds at 400 K. After laser CVD.
allow the composition to cover the complete an ion irradiation pattern is clear but a metallic
composition range of the phase diagram can be film is not observed. After subsequent LPCVD at
obtained at one time.The films were characterized 600 K, a 500iun-wide and 2Onm-thick metallic pattern
with the help of transmission electron microscopy appears preferentially on the ion- irradiated SiO,
with hot stage, electron diffraction, and Ruther- Good adhesion of the deposited film is confirmed by
ford backscattering spectrometry. Many amorphous a tape test.
phases and metastable phases were observed.

Without the laser CVD step, the ion -irradiation
With the liquid-nitrogen cooling of substrates, pattern disaopears during LPCVD and no W film
magnetron cosputtering creats the nonequilibrium deposition o~curs. Therefore, laser CVD is
conditions of thin film growth.The nonequilibrium essential. However, longer laser CVD times cause
situation may result in an enhancement of the selectivity loss during LPCVD, and the deposition
solid solubility, dramatic changes in the defect of weakly adherent film on the entire SiO, surface.
density, the formation of metastable crystal
structures or amorphous phases, and changes in This study was performed through Special
microstructure. All of these are the subjects of Coordination Funds of the Science and Technology
vital concern to the metallurgists. Magnetron Agency of the Japanese Government.
cosputtering is a useful method for studying the
subjects described above. B5.18

As an illustration, the present paper gives the STATISTICAL INTERPRETATION OF IR AND UV PHOTO-
nonequilibrium phase diagrams of the Fe-Bi and ABLATION. Ruediger Braun and Peter Hess,
Cu-Mo systems which exhibit immiscibility in the Institute of Physical Chemistry, University of
eouilibrium phase diagrams, and also gives the Heidelberg, Im Neuenheimer Feld 253, D-6900
phase transition behaviours of the as-deposited Heidelberg, F.R.G.
metastable phases when annealed at the hot stage. A photoablation model based on statistical con-

B5.16 cepts is presented. This model takes into
account the optical, thermophysical and thermo-

TL T,,u F b:u :TH A MdLLLOLA qEAM JF FZ, dynamic properties of the condensed film and
. Ldriu M. M uori-al, U.J. ulaistone, M.T. uses statistics to calculate the number of

Scn iber , and S.T. Lever, 0epartrlent of Lnemistry, ablated species and their kinetic energy.
Mdssacnusetts Institute of Techncloyy, amnbrndye, MA
J21j3j. Photoablation from condensed van der Waals

films of benzene was studied employing a pulsed
Tne dissociative chemisorptton of F2 on Si(IUU) has CO2 laser in the IR and a pulsed KrF laser in
been studied in order to investigate the potential the UV spectral region. The statistical model
of neutral molecular beams as a dry etching gives a reasonable description of the'nonlinear
tecnnique. The probability for dissociative fluence dependence of the ablation yield, which
cnemisorption of F2 on Si(1OO) at 250 K is about one varies by more than five orders of magnitude in
for fluorine coverages less than 0.5 monolayer and the fluence range studied. For this system,
is independent of F2 kinetic energy. The sole where no chemistry is involved, the fluence
desorption product observed under these conditions dependence of the kinetic energy of ablated
in a thermal desorption spectrum is SiF 2 at dUO K. species is investigated experimentally and
Above 1 monolayer coverage, the dissociative compared with the theoretical model.
chemisorption probability for SiF2 formation drops
to about xl[O'. However, further reaction of F2  Polymer ablation was studied for polyimide
with " fluorinated silicon surface can be achieved films and foils with CO2 laser and KrF laser
by raising the kinetic energy of the incident F2 to pulses. The striking similarities in the
above 5-7 kcal/mole. At these higher F coverages, etching behavior for IR and UV photoablation
SiF 4 thermal desorption is also observed. The SiF 4  are discussed in the frame work of statistical
yield scales with normal incident kinetic energy of concepts. The most interesting feature of these
the incident F2. These results suggest that etching polymer ablation experiments is not the
of Si(lOl) by molecular F2 can be enhanced by threshold behavior, but a similar slope in the
increasing the kinetic energy of the F2 beam. etch rate versus fluence plot for IR and UV

photoalation.
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85.19 between Al and Hf layers. A 2 MeV He beam was
THE EFFECTS OF SOURCE GAS, TEMPERATURE AND focused to 2um in diameter and scanned a few
PRESSURE ON THE SURFACE PLANARITY AND thousand A across the edge of a stripe, the RBS
MICROSTRUCTURE OF SILICON SEC AND ELO. M .Ars, K.N. from the edge was compared with that from the
Ritz, J.T. Chen and S. Redkar, Philips Research Laboratories - Signetics center of a stripe. Stripes with different
Comp., Sunnyvale. CA.; and J.0. Borland and J. Hann, Applied stripe width were also compared using RBS. It
Materials, Inc. - Santa Clara, CA. was found that the interlayer diffusion near

the edge was enhanced, and the temperature
The microstructure and surface planarity of selective silicon epitaxial where the edge interlayer diffusion started was
growth (SEG) and epitaxial lateral overgrowth (ELO) have been ana- 25 degree C below that at the center.
lyzed via SEM and TEM. The samples in this study simulate size,
structure and densities of transistor active areas in IC's. The epitaxial B5.22
layers were prwc-essed in a low pressure CVD epi reactor (10-25 tore)
usingSiH2Cl2 (DCS) as a source gas and deposition temperatures from LASER WRITING OF HIGH PURITY GOLD LINES. H Jubber, J I B

8600 C and 950'C. Results from this study show that epi/SiO2 interface Wilson, J L Davidson, P A Fernie, P John, Heriot-Watt
faceting is strongly effected by the wafer loading (ratio of active silicon University, Riccarton, Edinburgh EH14 4AS

to non-active or field oxide regions) and by epi growth parameters.
Faceting is less pronounced in samples with wafer loading values Gold tracks have been deposited on thermally oxidised
greater than 50 %. Processing parameters like reducing reactor pressurr silicon wafers by pyrolytic decomposition of gaseous methyl
and HCI injection are also effective to minimize faceting. The additi, . (triethylphosphine)gold 1, using focussed 514nm radiation

of HC during the epi growth cycle, which reduces the growth rate, aiso from an argon ion laser. The precursor, AuMe(Et 3 P), is a
results in lower defect densities at the interfaces and the epi layer and white crystalline solid with a relatively high vapour
creates ELO surfaces much smoother than that achieved by growth pressure and is one of a series of compounds being evaluated
without HCI. for laier deposition. Tracks were deposited at a speed of

35ems with a spot size of = 12pm. SIMS, EDAX and laser
Applying these epitaxial techniques in IC processing requires to adjust ionisation microprobe analysis (LIMA) were used to analyse
growth parameters to the device lay-out "loading" in order to obtain the chemical composition of the tracks; the purity of better
after-epi wafer surfaces suitable for lithography. This effort of fine than 98% is consistent with the low value of room
tuning of the epi processing parameters was complimeted by temperature resistivity (4.2p.Qcm, compared with bulk gold
planarizing SEG and ELO surfaces by standard silicon wafer po.ishing = 2t2cm). Stylus profilometry and SEM analysis showed the
techniques. This step not only compensates for residual loading effects, lines to have an almost rectangular cross-section suggesting
but also eliminates layer thickness non-uniformities while providing the that deposition is more rapid on the gold surface than on
SEG and ELO layer with virgin wafer surface quality. Electrical the SiO, substrate.
performance of n-channel MOS transistors, built on as grown and
surface polished SEG samples, were measured and compared to data B5.23
from a standard MOS process with LOCOS isolation.

PHOTOSTIMULATED DEFECT-IMPURITY REACTIONS DURING ION
BOMBARDMENT OF SI. Alex B. Danilin, Yuri N. Erokhin,

B5.20 Viktor N. Mordkovich, Institute of Microelectronics Tech-

IN-SITU CHARACTERIZATION OF CHEMICAL VAPOR nology and Superpure Materials USSR Academy of Sciences,

DEPOSITION. R. Scarmozzino, T. Cacouris, R.M. 142432, Chernogolovka, Moscow rgn. USSR.
Osgood Jr., Columbia University, New York, N.Y.10027d The influence of photoexitation on the defect-impurity

reactions during ion bombardment (90+150 kev 0+, P+ ions

In-situ measurement of resistance has been used for to a dose of 3x10' 4 - 2xliO6 cm- 2 ) of Si was studied.
the real-time monitoring of metallorganic chemical Photoexitation was performed by irraditation the sample
vapor deposition (CVD) growth characteristics. In with the light with the wavelength shorter than one corres-
particular, a novel technique for measuring CVD ponding to the Si energy bandgap.
activation energies is presented. The micron scale
geometry of the experiment makes it relavent to work It was shown that photoexitation makes the strong influence
in localized laser CVD. In this experiment, a thin on the formation of stable radiation defects (RDs) and
conducting line is first deposited between test pads their complexes with impurities and causes:
via laser photolysis of a metallorganic gas. By a) considerable reduction of the RDs accumulation in
applying a voltage to the pads, a current is induced ion implanted layer; b) the increase of the dose of amorphi-
in the line which resistively heats it, causing zatio,; c) non-monotonous change with the sample tempra-
pyrolysis and subsequent growth. By monitoring the ture in the region 500-700 K of the concentration of
current as a function of time, one simutaneously soluted oxigen during ion implantation; d) the change
obtains information on the CVD growth rate and the of velocity of oxigen atoms coagulation on precipitates;
power dissipation, which allows a measurement of the e) stimulates diffusion of oxigen atoms in Si.
activation energy. The technique has been used to
measure the CVD activation energy of the The model, based on recombination-stimulated annealing
dimethylaluminum hydride (DAIH). of vacancy type point defects during ion implantation,

explaining the decrease of RD accumulation during the
early stages of ion implantation and increase of that

B5.21 on late ones is proposed.
EDGE ENHANCED INTERLAYER DIFFUSION IN Al/Hf/Al
VLSI METALLIZATION. X and W.A.Lanford, On the correlation of profile of the deformation peak
State U. of N.Y. at Albany, NY 12222, and spatial distribution of implanted species the influence
K.P.Rodbell, IBM-East Fishkill, Hopewell of elastic force field on the kinetic of defect formation
Junction, NY 12533 is discussed.

Al/Hf/Al multilayer were patterned and reactive 86.1
ion etched into parallel stripes having strip.
widths from 0.5um to 200am. Due to the ion GENERATION OF BLIND VIA-HOLES FOR A HIGH DENSITY
bombardment and reactions between reactive ions MULIT-CHIP-MODULE USING EXCIMER LASERS.
and Al/Hf/Al stripes on the sidewalls of the Friedrich G. Bachmann, Siemens AG, Corp.
stripe, there will be defects and damages near Production and Logistics Dept., Munich,
the edges of the stripe. These defects and Fed. Rep. Germany
damages will enhance the interlayer diffusion

In recent years the on-chip delay has gone down
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much more rapidly than the signal delay in explained as active species quenching by majority
packaged circuits. As a consequence of this the carriers.
packaging delay times have had to be reduced
drastically, which means that a greater (l)T. Urisu et al. J.Vac.Sci.b Technol. B5 (1987)
packaging density has had to be implemented. 1436. (2)J.Takahashi et al. Extended Abstracts

1988 Int. Conf. Solid State Devices & Nat. 9.73.

A novel planar packaging technique, used in the
new SIEMENS main frame computer 7500 H 90 has B6.4
led to considerable progress in solving this EXCIMER LASER-ASSISTED ETCHING OF SILICON USING CHLORO-
problem. An essential part of this system is a
multi-chip-module which can hold up to 144 bare PENTAFLUOROETHAE. ns Di.vill, and D. A. Sexton,
chips. The carrier of these IC's is a 16-layer Solid State Electronics Division, Naval Ocean Systems Center,
high density multilayer printed circuit board, San Diego. CA.
which is fabricated in a sequential process. Laser-assisted photothermal chemical reactions have been

Interlayer contacts are formed by 80 /um wide observed with silicon in a chloropentafluoroethane ambient
using a KrF* laser at 248 rim. Etching occurs only if theblind via-holes, which are generated by excimer- incident fluence exceeds the melt threshold (-0.75 J/cm2 ),laser ablation of the dielectric. The process and is monitored by the change in silicon reflectance at 633

described in this paper shows that it is pos- rm. Above the ablation threshold (-2.2 j/cm2 ) increased
sible to produce blind via-holes with an aspect surface roughness is observed. Etch rates -7 A/pulse have
ratio of about one in an extremely reliable and been measured using both stylus profilometer and SEM cross-
reproducible way. sectional techniques. The etch rate dependence on incident

fluence, ambient pressure, doping concentration, crystal
This process is already being successfully ran orientation and substrate temperature will be presented.
on a production line. It is to our best know- This process allows single step patterning of silicon devices
ledge the first time excimer-lasers have been in a non-corrosive environment.
used on a large-scale in an industrial environ-
ment.

B6.5

B6.2 LOCALIZED LASER-ASSISTED ETCHING OF COPPER FILMS BY

U%' I[AS!R-INI)'(II) FICIIING 01F FIRSrIOW IIRANSIIION CHLORINE USING RAMAN SPECTROSCOPY FOR in Eilu FILM
MF AlS ANALYSIS. Him Tang and Irving P. Herman, Department of AppliedNMI TInd A; APhysics and the Microelectronics Sciences Laboratories, ColumbiaGeorge W. Tyndall 11% Almaden Research (.enter, 650 Harry Road, San University, New York, NY.
Jose, CA 95120.

Etching of coppr films on glass was studied by localized laser substrate
A quart7 crystal microbalance (QCI) has been used to study the Kr * (24 heating (4880 A) in the presence of chlorine gas. The spontaneous
nm) laser-induced etching of Ti, Cr. Fc, Ni and Cu by bromine. The reaction of Cu with chlorine at room temperature forms a film I I), which
experiment consists of focusing the pulsed output of an excimer laser at normal was identified to be CuCI by Raman spectroscopy at 77 K. If the chlorine
incidence onto the surface of a quartz crystal coated with the transition metal, is then evacuated, laser heating can remove this CuCI film locally, down to
Absolute etch rates are determined from the change in the resomant frequency the remaining copper film. If instead chlorine is present during laser
of the QC.M over time. Fach of the metals studied can be etched by bromine heating, a bump is formed In producing this feature, the CuCI layer and
at laecr fluences significantly below those required for ablation of the pure some of the underlying Cu film are converted to CuCI2 , as identified by in
metal The dependence of the etch rate on bromine pressure and laser fluence U Raman analysis at room temperature. After removal of the chlorine,
was measured to ellucidate the etching mechanisms. The details of these etched CuCVCu regions are formed with micron-dimension patterns after
etching mechanisms will be discussed, subsequent in siM laser heating of these features or x IiW rinsing in

solvents.
B6. 3 This work was supported by the Office of Naval Research and IBM.
PHOTOCHENICAL AREA-SELECTIVE ETCHING OF Si AND

St"o I'NG SYNCHROTRON RADIATION.S,0 USING SYNChi, RAcIAI. [1] W. Sesselmann andT. J. Chuang, Surf. Sci. a76, 32 (1986).dunieh Taaha, Yuichi Utsuai, and Tsuneo

Urisu, NTT LSI Laboratories. Kanagawa, Japan.

B6.6

Material selectivity and the surface reaction SELECTIVE TUNGSTEN CVD ON A-SI:H BY PULSED UV
scheme in the etching reaction are important LASER MODIFICATION OF THE NATIVE OXIDE. Arthur T.
factors for controllable area-selective
processing. We have already reported [1.23 that aowe, K. V. Reddy, Darrell L. Wuensch and Jeff T.
photochemical etching using synchrotron radiation Niccum, Technology Division, Amoco Technology
(SR) presents unique material selectivity, and company, P0 Box 400, Naperville IL 60566; and
that the surface reaction can be expressed as Gerry W. Zajac, Analytical Division, Amoco
.photo-stimulated reactive desorption." This Corporation, PC Box 400, Naperville IL 60566.
report discusses in some detail the mechanism
involved in SR-stimulated area-selective etching Laser patterning processes which use comparatively
of Si and Si0 2 using SF6 gas, low laser intensities are of interest for

Photon energy dependence of SiO (thernal applications requiring masks, or involving
oxide) etching was studied to examine chat kind of thermally sensitive devices. We .have studied such
surface photo-excitation was dominant. Excitation a process involving the indirect control of
wavelength range was selected by changing SR beam tungsten chemical vapor deposition on a-Si:H by
incident angles to Pt plane mirrors in the beam laser modification of the native oxide. The
line. Experimental results indicate that the most
Important factor is core electron excitation of process has potential for use in the fabrication
surface Sio molecules. The influence of dopant of active matrix flat panel displays.
in Si etchtns was also studied using B-doped. P-
doped, and undoped poly-Si films. The etching Excimer laser pulses, of wavelengths 193, 248 and
rate decreased with increasing dopant 308 rim, and fluences of approximately 100 mJ/cu2 ,
concentration, independent of conduction type, were shown to cause slight growth of the native
This characteristic is quite different from the oxide on a-Si:H, and XPS studies of the effect
case for excimer laser or plasma etching, will be described. The oxide growth was sufficient
According to our reaction model this result can be
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to inhibit the reaction of WF, with the underlying B6.9
silicon, thereby inhibiting tungsten growth on the SELECTIVE RAPID THERMAL CVD OF GERMANIUM
regions exposed to the laser. Conditions under D.T. Grider. M.C. Oziurk, J.J. Wortman, Y. Zhong*, North
which patternability was achieved will be Carolina State University, Department of Electrical and Computer
discussed. Engineering, Raleigh, NC 27695-791 1, D. Batchelor, P. Russell,

Department of Materials Science and Engineering, Raleigh, NC
B6.7 27695-7907.
WAVELENGTH-DEPENDENT AREA SELECTIVITY IN PHOTO- Selective depositions of germanium thin films have been
CHEMICAL VAPOR DEPOSITION OF ALUMINUM FILMS.Mitsugu Hanabusa and Masashi Ikeda, Toyohashi investigated in a cold-wall rapid thermal processor using 3.0 - 8.0%%nrityu ofTechaandg Masashea, Toyohashi 4 GeH diluted in a hydrogen carrier gas at pressures between 1.0 toUniversity of Technology, Tenpaku, Toyohashi 440, 7.0 Torr and at temperatures up to 5751C. Deposition rates
Japan. exceeding 3500 A/min were obtained, making germanium

compatible with the throughput requirements placed on single wafer
We observed a wavelength-dependent thickness pro- manufacturing. Germanium growth progresses by the formation of
file in photodeposition of aluminum thin films germanium islands, which then grow both vertically and laterally,
via photolysis of dimethylaluminum hydride by a resulting in a rough surface. This roughness is deposition
deuterium lamp, Under illumination of the full temperature dependent with smoother films being deposited at lower
spectrum including the VUV around 160 nm the temperatures. Methods of improving the roughness of these films
deposit was formed preferentially in illuminated have beeninvestigated.
regions, while such area selectivity has been
lost and uniform thickness was observed even out- Current silicided contacts to ultra shallow source/drain junctions are
side the illuminated regions when the VUV was limited by the ability to controllably deposit thin metal layers to
eliminated by a proper filter and the UV above minimize silicon consumption. Selectively deposited germanium
about 180 nm was used. films can be used in current MOSFET technologies as a buffer layer

between refractory metals and the underlying source/drain regions.
The observed change in area selectivity reflects With this goal, selective tungsten deposition on selective germaniuma shift in the relative importance of surface and has also been investigated.
gas phase reactions with wavelengths. With the
VUV, nuclei can be formed via surface photolysis *On leave from Liaoning University, Physics Department, China
of adsorbates on silicon substrates, while with
the UV only such nucleation is initiated only by
arrival of photofragments produced in gas phase B6.10
and diffused onto substrate surfaces. Once the
nuclei are formed, the film growth continues with LASER-INDUCED LOCAL DECOMPOSITION OF ADSORBED
or without the VUV. TUNGSTEN FLUORINE MOLECULES FOR METAL

DEPOSITION ON SILICON.
The observed effect offers an interesting possi-
bility in controlling area selectivity in various y.
applications. Also area selectivity is con- G, Auvert, D. Tonneau, Pauleau, C.N.E.T.
trolled by changing vapor pressures and substrate BP98,38243,Meylan, France.
temperatures, as well. In combination of all
these we can take a full advantage of photo- Decomposition of tungsten hexafluoride on silicon
induced processes to control area selectivity, substrates under cw argon laser irradiation in the

visible domain has been extensively studied in
presence of various buffer or reactive gases.

KrF EXCIMER LASER INDUCED DEPOSITION OF TITANIUM Decomposition rate is found to be limited either by a
FROM TICI4. L . Izuucirdo. M. Mcunier aod C. Lavoie, Groupe mass transport phenomena or by a thermally activated
des Couches Minces et Dpartement de Gcnie Physique. Ecole process. It has been found that no photolyticPolytechnique. Morntrcal, Canada H3C 3A7.prcs.I ha benfudttno htoyi

decomposition process can be invoked as the limiting
We have investigted the deposition of titanium from TiCI4 step in the decomposition rate.

induced by KrF excimer aser ( X=248 nm). Subtrates used are: Depending on the partial pressure of added hydrogen,
1) glass; 2) crystalline silicon for possible formation of irradiation proceeds either in a local etching of the
!itanium silicides contacts; 3) LiNbO3 for the formation of
Fi:LiNbO3 waveguides (I). When the laser with fluences of I silicon surface even through the native oxide or in a

mJ/pulse is focused, lines of 5 to 10 gm with and 1000 A thick local deposition of tungsten lines with good electrical
can be written at a speed of 5 MLm/seconde on crystalline silicon properties. In the high pressure domain, deposition
and glass. However, the low damage threshold for LiNbO 3  kinetics are consistent with mechanisms invoked in
requires to lower the input energy to < 0.01 mJ/pulse, thus conventional chemical vapor deposition reactors. A
reducing the film thickness to approximately 30 Angstroms at
the same deposition speed. different mechanism which appears in a lower

pressure domain will be tentatively interpreted in
In order to understand the basic mechanism of this deposition correlation with the laser-induced temperature.

process, we have performed a preliminary study of the film by
XPS and SEM. When the LiNbO3 surface is exposed to 10 Torf of B6. 11
TiCI4 and then evacuated. XPS shows that the adsorbed layer
has [Til/1ell3 and this ratio is not greatly affected when EXCIMER LASER INDUCED DEPOSITION OF TUNGSTEN
exposed to the unfocused laser in an evacuated cell. This FROM W(CO) AND WF, . B. RAGER und F. Bachmann
suggests the imponance of the gas phase chemistry. Moreover. Siemens AG, Corp. Production and Logistics Dept.
at pressures higher than 5 Toff of TiCI4, gas phase absorption Otto-Mahn-Ring 6, 8000 Munich 83, FRG.
leads to powder formation of I tm diameter deposited on the
surface; XPS analysis shows that their composition is The ArF laser induced deposition of tungsten on

lTi)/ICI)=I0. Possible deposition models based on this Si-surfaes (with native oxide) from W(CO), and

information will be presented. WFa was investigated under various experimen-

(1) J.Y. Tsso et al, Appl. Phys. Lett. 42, 559 (1983). tal deposition conditions. The dependence of
the deposition rate on laserenergy fluence was
studied. With an in-situ reflectivity measure-
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ment the growth of the metallic layer could be deposition without post annealing. The apparatus used in this study
monitored during the deposition process. We find consisted of a single mode Q-switched Nd:YAG laser. The laser beam
that the initial stage of layer growth as well
as the relative reflectivity as a function of was focused to a diameter of 1 rn by a optical micro-objective lens.
deposition time critically depends on the laser The film was translated by two computer-controlled stepper motors.
fluence. The laser fluence was adjusted to slightly above the ablation threshold

Model calculations have been performed to con- of 2 J/cm2 .The maximum scanning rate of the system was 0.5 mm/sec
pare the measured reflectivity curves with the and was limited by the laser repetition rate of 1 kHz.
calculated curves.

The deposited tungsten layers have been analyzed To characterize the patterning system, as well as the superconducting
by X-Ray-Photoelectron Spectroscopy and Auger- film, superconducting microstrips in the range of 0.6-85 prn wide were
Electron Spectroscopy. The optical constants produced with a length of 100 Am. After patterning, the Tc(R=0)
have been determined by ellipsometry.
Resistivity values of about ten times of the decrease by less than 4 K from 81 K of original film for the 85-1.6 Mm

bulk value have been measured by a four point lines. However, for the 0.6 pm line, Tc(R =0) decrease to 69 K. It is
probe. believed to be due to the finite grain size of the Y-Ba-Cu-O film. All

In addition, experiments of direct pattern the patterned lines showed Jc of 4xlO A/cm 2 at 20 K. This value com-
transfer deposition have also been carried out. pares favorably with results using other patterning techniques. These
The spatial resolution capability of the deposi- patterned lines have been successfully applied to the study of optical
tion process will be illustrated and discussed. detectorsusingYBa-Cu-Ofilms.

B6.12 B7.3

DIRECT WRITING OF COPPER LINES USING ND:YAG
LASER AND COPPER FORMATE PRECURSORS. Heinrich PULSED EXCIMER LASER ABLATION FOR THE DEPOSITION
G. Mraller and Siegfried Schuler, TU Berlin, OF YBaCuO AND BiSrCaCuO COMPOUNDS : MATERIALS
Forschungsschwerpunkt Mikroperipherik, Berlin, DISTRIBUTION AND STOICHIOMETRY. C. Fuchs and E.
FRG. Fogarassy, CRN (IN2P3), Laboraoire PHASE (UPR n*292 du

CNRS), B.P. 20, 67037 Strasbourg Cedex, France
Laser direct writing techniques have be .i used
for depositing copper lines from water soluble Pulsedlaserabladonfromsolidtargetsappearstobeaveryconvenient
precursor films of copper formate. The deposi- masnstodepositethinfilmsofawidevarietyof materialsincluding

tion area is scanned with a cw Nd:YAG laser recentlythenewhighTcsuperconductorcompounds(1).
spot. By this method writing speeds of up to 50
mm/s and very good adhesion on alumina The nature and the relative concentrations of atomic species and
substrates could be reached. macroscopic size particles leaving the iradiated target surface and their

spatial distribution, which are at the origin of the properties and quality
The thin copper lines deposited using the above of the deposit, depend on the various parameters involved in the laser-
technique serve as seeds for further chemical soidinteracton.
copper deposition. The process offers great
potential for thin film hyirid interconnects. We investigate, in this study the laserablation processes for YBaCuO

and BiSrCaCuO thin film deposition, using a pulsed ArF (193nm)
The details of the technique are discussed. excimer laser. The deposition parameters, especially those which are
including the formation of the precursor films, relevanttothegeometrical configurationoftheexperimentalset-upand
effects of the substrate surface, influence of laser irradiation copditions are examined in details. At low energy
the precursor film thickness on seed formation, density (< 0.5 J/cmZ), the evaporation process appears to be close to
and giving an analysis of the copper films thermal equilibrium and characterized by a broad angular distribution
obtained. (-cos 0) of the vaporized target material. At high energy density, a

ionized plasma of elemental species is generated in front of the target
B7.1 surface and the ablated materials are ejected in a distribution which is

LASEF-:NDUCED FORMATION AND SURFACE PROCESSING strongly peaked (-cosn 0, n >> 1) in the direction normal to the target
OF HIGH-TEMPERATURE SUPERCOIIDUCTORS. Dieter W. surface. The angular variation of the soichiometry in the thin films are
bguerle, Angewandte Physik, Johannes-Ke er- also measured and correlated both on the thermal emission law and
Uni.ersitjt, A-4040 Linz, Austria plasma expansion dynamics. Finally the origin of the macroscopic

spherical particles (-lLn diameter) which are ejected with the atomic
Recent results on the in-situ deposition of thin species from the irradiated target are discussed on the basis of our
extended films of Y-Ba-Cu-O and Bi-Sr-Ca-Cu-O experimentalresults.
using laser sputtering technique are presented. (1) See for example D. Bluerle. Appl. Phys. A 48, 527, (1989).
Surface patterning of these materials by
laser-induced reduction, metallization, B7.4
oxidation and ablation has been performed with
both ceramic samples and thin films. LASER PATIERNIG OF HIGH Tc SUPERCONDUClINC THIN

FILMS. G.0. Betl,,i, M. Sla,iconi, L. Coirera,
B7.2 S. Nicolet t i[O) , S. Naldini{ !) , CNR-Istituto

B72 LAMEL, Via Castagnoll, 1, 1-40126 Roloena,

LASER I'ATTERNING AND ELECTRICAL PROPERTIES OF Italy; (')J AUREL S.p.A, Via Casadel, 7, I-4?U1S

SUBMICROMETER LINES OF Y-Ba-Cu-O. L., ,digliana, Italy

Ying, H.S. Kim, D.T. Shaw and H.S. Kwok, Institute on Superconduc- High T. superconducting thin films were prepared

tivity. State University of New York at Buffalo, Bonner Hall, Buffalo, by laser ablation of bulk material on MgO and
NY 14260 SrtiO 3  substrates. After the laser deposition

the films were annealed in 02 atmosphere to get
a sharp resistivity vs. temoerature transition

0.6 jm-wide lines of high Tc Y-Ba-Cu-O have been fabricated by and an high current density.

direct laser writing on mirror-like thin films which were grown by laser In order to obtain narrow lines of
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superconducting material, the films were mounted say be adjusted. In a second processing step the poly-si loxane
onto an X-Y computer control led stepping stage layers are then transformed in a combined thermal/photolytical
and irradiated with a pulsed laser beam or thermal/plasma treatment to S1O 2 . Typical examples for the
focalized on the sample surface. The planarizing properties of these techniques as IC interlayer
irradiations were performed under vacuum, inert dielectrics are presented. The physical and electrical proper-
or reactive atmosphere. ties (stress, etch rate, breakdown voltage) of these dielectric

layers are given. These results are obtained with an experi-
The patterning efficiency was measured as a mental multichamber equipment.
function of the irradiation conditions (i.e. the
number of pulses per frame, the laser fluence B7.7
and the ambient atmosphere) . PHOSPHORUS DOPING INTO SILICON USING ArF
The electrical behaviour of the patterned film EXCIMER LASER . A.1aoia, F. Foulon, E. Fogarassy and
was studied as a function of line width for P. Siffert, Laboratoire PHASE (UPR du CNRS n'292), CRN,
different film thicknesses and morphologies. 23 rue du Loess, 67037 Strasbourg Cedex, France.

B7.5 Chemical doping of single - crystal Si in a PF 5 atmosphere is

TUNABLE UV LASER DECOMPOSITION OF GAS PHASE AND performed by irradiation with an ArF laser at 193 nm. We
have investigated the dependence of doping parameters -

SURFACE ADSORBED ORGANOMETALLICS laser fluence, number of pulses and PF 5 gas pressure - on

Thomas Beuermann, Yanping Zhang, Michael Stuke the sheet resistance and the impuriLy concentration profiles.

Max-Planck-lnstitut ftir biophysikalische Chemie, P.O. 2841, Two kinds of doping, the doping in PF 5 ambients and the

D-3400 G6ttingen, F.R. Germany doping using only the adsorbed layer, have been performed.
From these results, it is found that phosphorus atoms are

produced by pyrolisis of physisorbed layers of PF5 formed on
The metal alkyls trimethylaluminum (TMA), trimethylgallium (TMG) and the silicon surface. As for the incorporation mechanism, it

trimethylindium (TMI) are decomposed by tunable UV laser light in the is shown that the process in mainly diffusion limiting.

Electrical characteristics of n+p junctions formed by this
range 200 - 320 nm with collision-free product detection by laser mass technique seem to be stronly limited by the presence of point

spectroscopy using short and ultrashort laser pulses. In the gas phase, these defects induced by laser irradiation.

compounds decompose via a one-photon process in the wavelength region B7.8

studied. Using ultrashort laser pulses of I ps duration, unstable

photoproducts like AI(CH 3 )2 , Ga(CH3 )2 and In(CH3 )2 are detected with ROLES OF GAS PHASE AND SURFACE PHOTOLYSIS IN LCVD FROM
Fe C0)5'. _X u_Xin** ana J.1. Steinfeld, Departiiient of

good signal to noise ratio, whereas they are not seen with ns laser sources. Chemistry, Massachusetts Institute of Technology,

The photolysis laser wavelength dependence of the yields of atomic and Cambridge, Massachusetts 02139.

molecularphotofragmentswillbegiven. Asasurprisingresult metalatoms Laser-driven deposition of metallic thin films from

AI, Ga and In are formed already at lower photon energies than the metal- gas-phase precursors involves a complex interplay of
gas-phase photodissociation and photolytic and thermal

monomethyl radicals AICH 3 , GaCH3 and InCH 3. A mechanism, processes in the deposited films. We have been

explaining the photolysis of trimethyl compounds of group III elements, is investigating these processes for deposition from iron
carbonyl with argon fluoride and krypton fluoride excimer

presented.ResultsonthetunableUVlaserphotopoductdistributionfrom lasers, using profiling XPS and profiling auger electron

surface adsorbed organometallics indicate, that some photoproducts are spectroscopy to determine the chemical nature of the
resulting films. The deposition is initiated by one- and

formed at lower threshold photon energy compared to the gas phase. A two-photon sequential dissociation of Fe(CO) 5 , with both

comparison between decomposition pathways of gas phase and surface iron atoms and unsaturated Fe(CO)x fragments depositing
from the gas phase. Both thermal and photolytic processes

adsorbedorganometallicswillbeattempted. take place in the growing iron film, with some of the
carbon and oxygen driven off in molecular form and some
being dissociated to form carbide and oxide moieties in

B7.6 the film. Some simple mathematical models have been

LOW TEMPERATURE INTERLEVEL SiO 2-LAYERS BY PHOTOINDUCED PRO- developed to represent the dependence of growth rate and
CESSING. H. Sigmund, A. Klumpp and G. Springholz, Fraunhofer- C/O content of the film on such parameters as laser
Institute for Solid State Technoloqy. Paul-Gerhardt-Allee 42. fluence, laser wavelength, and substrate properties.
8000 Munchen 60

5
Supported by National Science Foundation, Air Force

Deposition of S10 2 fror tetraethoxysilane (TEOS) by LPCVD and Office of Scientific Research, and Digital Equipment
recently also by PECVD has become very conveniently as Corporation.
interlevel dielectric because of better step coverage
properties of the films than corresponding films deposited from
sliane. Yet for low temperature planarizing (< 400 0 C) S10 2  **on leave from Institute for Atomic Energy Research,
layers multistep processing schemas such as deposit-etch- Beijing, People's Republic of China
deposit by alternating plasma and thermal CVD (TEOS + 03) are
necessary to obtain the desired planarlzed profiles. Process
flows are then more complex and throughput is reduced.

ROOM 1[tPERAIURE PHOI(-OXIDA1ION OF HYDR(GLNAIED SILICON-
CARBON ALLOYS. P John, I M Odeh, A Oa)'%um and J I B

We studied photoinduced polymerization reactions of TEOS In Wilson, Heriot-Watt University, Riccarton, Edinburgh
order to deposIt poly-slIoxane layers with' suitable viscosity _H14 4AS
properties and layer thicknesses. Dependent on the topological
properties of the IC surface the viscosity and the film thickness Hydrogenated amorphous silicon-carbon alloys, a-Si:C:H,
can be controlled by the deposition parameters, so that have been deposited as thin films on crystalline silicon
different planarizing properties (step angle, stop coverage) substrates from a capacitively coupled rf discharge in
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silane-propane mixtures. Variations in the silicon- B7.11

carbon ratios in the films wiere achieved by altering the METAL DEPOSITION WITH INCOHERENT EXCIMER
SiH4 to C3 H flow rates at a substrate temperature, RADIATION. Hilmar Esrom and Ulrich
T 250 - 9600C, and total pressure, PI = 100 itorr. The Kogelschatz Asea-Brown-Boveri AG, Corporate
sfoichiometry of the allows was established by XPS and the Research Heidelberg, FRG Germany, *Corporate
hydrogen content by attenuated total reflectance infrared Research Baden, CH Switzerland
spectroscopy.

Resently we have shown /l/ that the incoherent
For values of the carbon content, xc - 0.3, the films UV radiation of a silent discharge excimer
oxidise in air on illumination with the collimited output source is well suited for the photolytic
of a Xe-arc lamp at an irradiance of - 30mWcm . Photo- decomposition of palladium acetate films. The
oxidation also occurred with the frequency doubled (257nm) discharge emits the second continuum of the
Ar laser. In neither experiment did the measured or Xe2* excimer peaking at 172 run. Using the new
calculated surface temperature exceed 500C. excimer source in a reactor flooded with

nitrogen structured and large area palladium
The photostructural changes were investigated by ATR deposits are obtained. The palladium layers
infrared spectroscopy. Inductive effects on the were reinforced by electroless copper plating.
degenerate Si-H stretching modes were observed due to Palladium deposition rates are measured as a
contiguously bound oxygen to SiH groupings. In contrast, function of the electrical input power of the
the structured band envelope of the C-H stretching mode silent discharge. It will also be shown that
remains unchanged during oxidation. The local bonding higher deposition rates can be obtained in the
environment was also elucidated by measurementof the C(ls), evacuated reactor. Also higher substrate
Si(2s) and Si(2p) binding energies. temperatures have a conciderable influence on

the deposition rates. The qclvmity of these
Contact photolithography demonstrated a spatial resolution films is compared to films obtalned with
of at least 5em for the photo-oxidation process. excimer laser irradiation. With incoherent UV

radiation extremely smooth films on various

B7.10 substrates were obtained while laser deposited
films are discontinuous.

MECHANISM OF SELECTIVE AREA GROWTH OF ALUMINUM
BY ORGANOMETALLIC CHEMICAL VAPOR DEPOSITION /1/ H.Esrom,G.Wahl and U.Kogelschatz,

Krishnan Raghavachan. G. S. Higashi, and M. L Steigerwald, AT&T Euro-Conf. on CVD, Perpignan, June 1989, in
Bell Laboratories, Murray Hill, NJ 07974 print

The pyrolysis of triisobutylaluminum occurs much more readily on the

surface of A] than on the surface of an oxide. This propensity allows
Al to be grown selectively on a wafer and may simplify certain

metallization steps in integrated circuit manufacture. For example, the

filling of high-aspect ratio via holes for applications in multilevel

metallization might be performed using such an Al deposition technique.

In this study, ab-initio quantum chemical techniques have been used to
elucidate why Al deposition is more facile on an Al surface than on an

oxide surface. Such a deposition is governed principally by the

activation barrier involved in a beta-hydrogen elimination reaction of the

organometallic precursor (e.g., triisobutylaluminum). We have now

calculated the tansition states which determine this activation barrier

for Al atoms in different chemical environments. Efficient gradient

techniques have been used to determine the geomeuies of the transition
states and the barriers have then been obtained by accurate calculations

including the effects of electron correlation. Such molecular cluster

calculations show that the ransition state barrier for the beta-hydride

elimination reaction increases substantially when comparing an Al atom

bonded to other Al atoms vs. 0 atoms, explaining the observed surface

selectivity. Detailed analysis of our results reveals that the the relative

beta-hydride elimination barriers in different environments are
determined principally by the energetics of promoting an electron to the
empty px-orbital on the Al.
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SESSION Cl: INTERFACES AND HETEROEPITAXY 11:30 C2.4
Chair: J. M. Gibson gm-SCALE LATERAL GROWTH OF Ga-MONOLAYERS

Monday Morning, November 27 OBSERVED IN-SITU BY ELECTRON MICROSCOPY, J_
Salon A/B (M) Osaka and N. Inoue, NTT, LSI Laboratories,

8:30 *Atsugi 
City, Japan.

ONSET OF GaAs HOMOEPITAXY AND HETEROEPITAXY, 11:45 C2.5
D.K. Biegelsen, Xerox Palo Alto Research THE INITIAL STAGES OF GROWTH OF InSb ON
Center, Palo Alto, CA. GaAs(100) BY MBE - A HIGHLY LATTICE MIS-

MATCHED HETEROINTERFACE, C.J. Kiely, Univer-
9:00 *CI.2 sity of Liverpool, Department of Materials

HIGH RESOLUTION ION SCATTERING STUDIES OF Science and Engineering, Liverpool, United
THIN EPITAXIAL FILMS, Ruud M. Tromp, IBM Kingdom; A. Rockett, University of Illinois
Research Division, T.J. Watson Research at Urbana-Champaign, Material Sciences
Center, Yorktown Heights, NY. Department, Urbana, IL; J-I. Chyi and H.

Morkoc, University of Illinois at Urbana-
9:30 C1.3 Champaign, Coordinated Science Laboratory,

ATOMIC STRUCTURE OF CaSi?/Si INTERFACES, Urbana, IL.
Chris G. Van de Walle, Philips Laboratories,
Briarcliff Manor, NY. SESSION C3: SURFACE STUDIES UNDER

GROWTH CONDITIONS
9:45 C1.4 Chair: R. Tromp

THE STRUCTURE AND CHEMISTRY OF THE Ge/SAP- Monday Afternoon, November 27
PHIRE INTERFACE, Geoffrey P. Malafsky and Salon A/B (M)
David J. Godbey, Naval Research Laboratory,
Electronics Division, Washington, DC. 1:30 *C3.1

LOW ENERGY ELECTRON MICROSCOPY OF ATOMIC
10:00 BREAK SCALE STRUCTURES OF SURFACES, E. Bauer, M.

Altman, M. Mundschau and W. Swiech, Tech-
SESSION C2: INITIAL STAGES nische UniversitAt Clausthal, Physikalisches

OF HETEROEPITAXY Institut, G6ttingen-Clausthal, West Germany.
Chair: R. Feenstra

Monday Morning, November 27 2:00 92.2
Salon A/B (M) THE INITIAL STAGES OF GROWTH OF SI ON

SI(111) BY SPA-LEED, M. Horn yon Hoegen,
10:30 !9Z.1 IBM T.J. Watson Research Center, Yorktown
ENERGETICS AND ELECTRONIC STRUCTURE OF GaAs Heights, NY; M. Henzler, Universitaet Han-
ON Si, J.E. Northrun, Xerox Palo Alto nover, Institut fuer Festkoerperphysik,
Research Center, Palo Alto, CA. Hannover, Germany.

11:00 U2.2 2:15 C3.3
STRUCTURAL ENERGIES OF ANTIPHASE DOMAIN AUTOEPITAXY ON AU(I11) STUDIED BY SCANNING
WALLS IN GaAs, David Vanderbilt and L. Brey, TUNNELING MICROSCOPY, M.M. Dovek, C.A. Lang,
Harvard University, Department of Physics, J. Nogami and C.F. Quate, Stanford Univer-
Cambridge, MA. sity, Department of Applied Physics, Stan-

ford, CA.
11:15 C2.3
VERY THIN 2D GaAs FILMS ON Si DURING THE 2:30 C3.4
EAR.LY STAGES OF GROWTH BY MBE, D.B. Fenner, STM OF GOLD ON GRAPHITE, P.A. Thomas, IBM
Xerox Palo Alto Research Center, Palo Alto, Corporation, East Fishkill, NY; W.H. Lee
CA, and Santa Clara University, Physics and R.I. Masel, University of Illinois,
Department, Santa Clara, CA; David K. School of Chemical Sciences, Chemical En-
Biegelsen and B.S. Krusor, Xerox Palo Alto gineering Department, Urbana, IL.
Research Center, Palo Alto, CA.

2:45 C3.5
*Invited Paper PHOTOEMISSION CHARACTERIZATION OF THIN FILM

NUCLEATION ON INERT SUBSTRATES, G. _augstad,
Short Courses C-01, "Modern Materials A. Raisanen, C. Caprile, X. Yu, G. Ceccone
Analysis Techniques," C-14, "Scanning and A. Franciosi, University of Minnesota,
Tunneling Microscopy," C-19, Practical Department of Chemical Engineering and
Transmission & Analytical Electron Micros- Materials Science, Minneapolis, MN.
copy-Theory," and F-08, "Ceramic and Metal
Matrix Composites," may be of interest to 3:00 BREAK
symposium attendees. Details regarding
course dates and instructors are provided in
the short course section of this program.
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SESSION C4: HETEROINTERFACE STRUCTURE 9:15 C5.3
Chair: R. Bringans TOPOGRAPHY OF Si(11l): CLEAN SURFACE PREPAR-

Monday Afternoon, November 27 ATION AND SILICON MOLECULAR BEAM EPITAXY,
Salon A/B (M) R.T. Tuna, D.J. Eaglesham and F. Schrey,

AT&T Bell Laboratories, Murray Hill, NJ.
3:30 *C4.1

MEASUREMENT OF THE RELATIVE POSITION OF 9:30 C5.4
ADJACENT CRYSTALS, AND THE MODELLING OF STRUCTURE AND COMPOSITION OF LIQUID/SOLID
INTERFACIAL STRUCTURE, R.C. Pond, University INTERFACES BY ION CHANNELING, M.M.
of Liverpool, Department of Materials Sci- Karmarkar, Ray Twesten and K.R. Padmanabhan,
ence and Engineering, Liverpool, United Wayne State University, Department of Phys-
Kingdom. ics and Astronomy, Detroit, MI.

4:00 C4.2 9:45 C5.5

INTERFACE STRAIN AND THE VALENCE BAND OFFSET ELECTRONIC AND ATOMIC PROPERTIES OF THE a-
AT THE LATTICE MATCHED In0 .5 3 Ga0 .47 As/InP C:H/Ge INTERFACE, M. Wittmer, IBM, T.J.
INTERFACE, Mark S. Hybertsen, AT&T Bell Watson Research Center, Yorktown Heights,
Laboratories, Murray Hill, NJ. NY; D. Ugolini and P. Oelhafen, University

of Basel, Institute of Physics, Basel,
4:15 C4.3 Switzerland.

STRUCTURAL STUDIES OF EPITAXIAL METAL SEMI-
CONDUCTOR INTERFACES USING TRANSMISSION 10:00 BREAK
ELECTRON SCATTERING, D. Loretto, J.M. Gibson
and N. Chand, AT&T Bell Laboratories, Murray SESSION C6: SCANNING TUNNELING MICROSCOPY
Hill, NJ; and S.M. Yalisove, University of Chair: R. Feenstra
Michigan, Department of Materials Science Tuesday Morning, November 28
and Engineering, Ann Arbor, MI. Salon A/B (M)

4:30 C4.4 10:30 *C6.1
HIGH-RESOLUTION IMAGING OF THE INTERFACES SEMICONDUCTOR INTERFACE ELECTRONIC STRUCTURE
BETWEEN GaAs AND CoGa AND ErAs, Jane G. Zhu INVESTIGATION BY BALLISTIC-ELECTRON-EMISSION
and Stuart McKernan, Cornell University, MICROSCOPY, L.D. Bell, M.H. Hecht, F.J.
Departrent of Materials Science and En- Grunthaner and William J. Kaiser, California
ginee-ing, Ithaca, NY; Chris J. Palmstrom, Institute of Technology, Jet Propulsion
Be" .ore, Red Bank, NJ; and C. Barry Carter, Laboratory, Pasadena, CA.
Cornell University, Department of Materials
Science and Engineering, Ithaca, NY. 11:00 *C6.2

T.E.M. IMAGING OF AN OPERATING S.T.M. STRAIN
4:45 C4.5 EFFECTS OF S.T.M., J.C.H. Spence, Arizona
PLAN-VIEW CBED STUDIES OF NiO-ZrO 2 (CaO) State University, Department of Physics,
INTERFACES, Vinavak P. Dravid, Michael R. Tempe, AZ.
Notis and Charles E. Lyman, Lehigh Univer-
sity, Department of Materials Science and 11:30 C6.3
Engineering, Bethlehem, PA; A. Revcolevschi, SLIDING PLANES MODEL FOR STM IMAGING, John
Universite de Paris-Sud, Lab. de Chimie des D. Todd and John B. Pethica, University of
Solides, Orsay, France. Oxford, Department of Metallurgy and Science

of Materials, Oxford, United Kingdom.
SESSION C5: ENCAPSULATED SURFACES

Chair: J. M. Gibson 11:45 C6.4
Tuesday Morning, November 28 THE FORMATION OF Si(lll)Ixl-Cl, John J.

Salon A/B (M) Boland and J.S. Villarrubia, IBM, T.J.
Watson Research Center, Yorktown Heights,

8:30 *C5.1 NY.
INTERFACIAL SUPERSTRUCTURES STUDIED BY
GRAZING INCIDENCE X-RAY DIFFRACTION, Koichi SESSION C7: PROBES OF CHEMISORBED TAYERS
Akimoto, Jun'ichiro Mizuki, Ichiro Hirosawa Chair: W. Kaiser
and Junji Matsui, NEC Corporation, Fundamen- Tuesday Afternoon, November 28
tal Research Laboratories, Ibaraki, Japan. Salon A/B (M)

9:00 C5.2 1:30 *C2.1
DIRECT OBSERVATION OF A 7X7 SUPERSTRUCTURE ATOMICALLY-RESOLVED SURFACE PHOTOVOLTAGE
BURIED AT THE AMORPHOUS-Si/Si (111) INTER- MEASUREMENTS BY OPTICALLY-EXCITED SCANNING
FACE, Akira Sakai, Toru Tatsumi and Koichi TUNNELING MICROSCOPY, R.J. Hamers and K.M.
Ishida, NEC Corporation, Fundamental Re- Markert, IBM, T.J. Watson Research Center,
search Laboratories, Ibaragi, Japan. Yorktown Heights, NY.



2:00 Q7.2 4:30 C8.4
PHOTOREFLECTANCE STUDIES OF ADSORPTION- PROPAGATION AND STABILITY OF MONATOMIC STEPS
INDUCED CHANGES IN SURFACE STATES ON ON THE SI(001) SURFACE DURING MOLECULAR-BEAM
GaAs(100), S. Sheu, K. Schultz and E.G. EPITAXY, S. Clarke, M.R. Wilby and D.D.
Seebauer, University of Illinois, Urbana, Vvedensky, Imperial College, The Blackett
Dept. of Chemical Engineering, Urbana, IL. Laboratory and Semiconductor Materials IRC,

Che5ical London, United Kingdom.
2:15 C7.3

THE FIRST MONOLAYERS OF Sb ON III-V-SEMICON- 4:45 C8.5
DUCTORS STUDIED BY LIGHT SCATTERING, Michael A NEW DEFECT ON THE RECONSTRUCTED Si(100)
Hnermann and Jean Geurts, RWTH Aachen, SURFACE; AN AB INITIO MOLECULAR-DYNAMICS
Aachen, West Germany; Wolfgang Richter, STUDY, Sigeo Ihara and Shi Lun Ho, Hitachi
Institut fur Festk6rperphysik, Berlin, West Ltd., Central Research Laboratory, Tokyo,
Germany. Japan; Tsuyoshi Uda and Masahiko Hirao,

Hitachi Ltd, Advanced Research Laboratory,2:30 C7.4 Tokyo, Japan.
STRUCTURAL AND ELECTRONIC CHARACTERIZATION
OF METAL-ON-METAL INTERFACES, G. Vidali, P. SESSION C9: POSTER SESSION

Dowben and C.W. Hutchings, Syracuse Univer- ATOMIC SCALE STRUCTURE OF INTERFACES
sity, Physics Department, Syracuse, NY. Chair: R. Bringans

Tuesday Evening, November 28
2:45 C7.5 7:00 p.m. - 10:00 p.m.

KINETICS OF BISMUTH OVERLAYER FORMATION ON America Ballroom (W)
GaAs(ll0) STUDIED USING LOW ENERGY ELECTRON
DIFFRACTION AND TIME DEPENDENT MONTE CARLO C9.1 ELECTRONIC AND ATOMIC STRUCTURES OF
SIMULATION, SLChn, T. Guo, W.K. Ford, SILICIDE/Si CONTACT SYSTEMS STUDIED BY SXS,
A. Bowler and E.S. Hood, Montana State H. Watabe, Matsuhita Electric Industrial
University, Advanced Materials Center, Co., Ltd., Osaka, Japan; M. Iwami, M. Hirai
Department of Physics and the Department of and M. Kusaka, Okayama University, Faculty
Chemistry, Bozeman, MT. of Science, Research Laboratory for Surface

Science, Okayama, Japan; H. Nakamura, Osaka
3:00 C7.6 Electro-Communication University, Osaka,

IDEALLY HYDROGEN TERMINATED Si(111) SURFACES Japan.
PREPARED USING HF ACID SOLUTIONS: PRODUCTION
OF PERFECT CRYSTAL TERRACES?, G.S. Higashi, C9.2 COMPACT AND HIGH-RESOLUTION ION
Y.J. Chabal, G.W. Trucks and Krishnan BACKSCATTERING ANALYSIS SYSTEM, CHIRIBAS, Y.
Raghavachari, AT&T Bell Laboratories, Murray Kido, I. Konomi, A. Kawano and J. Kawamoto,
Hill, NJ. Toyota Central R&D Laboratories, Inc.,

Aichi-ken, Japan.
3:15 BREAK

C9.3 TEMPERATURE DEPENDENT CURRENT-VOL-
SESSION C8: MOLECULAR DYNAMICS TAGE CHARACTERISTICS IN THIN Si0 2 FILMS, iJin

Chair: J. Northrup Zhao, New Jersey Institute of Technology,
Tuesday Afternoon, November 28 Microelectronics Center, Electrical En-

Salon A/B (M) gineering Department, Newark, NJ; N.M.
Ravindra, New Jersey Institute of Technol-

3:30 *C8.1 ogy, Microelectronics Center, Physics De-
MOLECULAR DYNAMICS STUDIES OF INTERFACE partment, Newark, NJ.
FORMATION DURING THIN FILM GROWTH, George H.
Gilmer and Marcia H. Grabow, AT&T Bell C9.4 SPECTROSCOPIC ELLIPSOMETRY AS A NON-
Laboratories, Murray Hill, NJ; Aloysius F. DESTRUCTIVE TECHNIQUE FOR CHARACTERIZATION
Bakker, Delft Technical University, Applied OF ATOMIC-SCALE INTERFACES IN MULTI-LAYER
Physics Department, Delft, The Netherlands. STACKS, J.L. Stehle, J.Jjc, J.P. Piel,

SOPRA, Bois-Colombes, France; L.C. Hammond,
4:00 C8.2 ARIES/QEI, Concord, MA.

A MOLECULAR DYNAMICS STUDY OF WATER-Pt
INTERFACE, K. Foster, K. Raghavan and M. C ADSORPTION AND TRIBOCHEMICAL REAC-
Berkowitz, University of North Carolina, TIONS, W.M. Mullins, Purdue University,
Department of Chemistry, Chapel Hill, NC. School of Materials Engineering, West Lafay-

ette, IN; T.E. Fischer, Stevens Institute of
4:15 C8.3 Technology, Department of Materials Science

NON-EQUILIBRIUM MOLECULAR DYNAMICS SIMULA- and Engineering, Hoboken, NJ.
TION OF THE RAPID SOLIDIFICATION OF METALS,
Cliff F. Richardson and Paulette Clancy,
School of Chemical Engineering, Cornell
University, Ithaca, NY.
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C2.6 DIRECT REAL SPACE IDENTIFICATION OF C9.15 A CYCLIC-CLUSTER MINDO/3 COMPUTATION
THE PRODUCTS OF A SURFACE CHEMICAL REACTION OF THE RELAXED EQUILIBRIUM STRUCTURE AND
USING SCANNING TUNNELING MICROSCOPY, John J. VIBRATIONS OF THE HYDROGENATED SILICON (111)
Boland and J.S. Villarrubia, IBM, T.J. SURFACE, Peter Deak, Physical Institute of
Watson Research Center, Yorktown Heights, the Technical University of Budapest Hun-
NY. gary, Budapest, Hungary; Lawrence C. Snyder,

State University of New York at Albany,
C9.7 DISCRIMINATION OF ATOMS ON THE Chemistry Department, Albany, NY; Carlos 0.
SURFACE OF A TWO DIMENSIONAL SOLID SOLUTION Rodrigues, State University of New York at
WITH SCANNING TUNNELING MICROSCOPY, B.A. Albany, Physics Department, Albany, NY.
Parkinson, E. I. duPont de Nemours & Co.,
Inc., Central Research and Development C9.16 STRUCTURAL AND ELECTRONIC PROPERTIES
Department, Wilmington, DE. OF SEMICONDUCTOR-METAL AND SEMICONDUTOR-IN-

SULATOR INTERFACES AT MONOLAYER COVERAGE,
C9.8 A RAMAN SCATTERING STUDY OF INTER- Stefano Ossicini, C. Arcangeli and 0. Bisi,
FACE ROUGHNESS IN SMALL PERIOD GaAs/AlAs Universitd di Modena, Dipartimento di Fisi-
SUPERLATTICES, Daniel Gammon, B.V. ca, Modena, Italy.
Shanabrook and W. Tseng, Naval Research
Laboratory, Washington DC. C9,17 CALCULATIONS FOR MERCURY ADSORPTION

ON COPPER, M Karimi, Utica College, Physics
C9.9 BISMUTH/InSb(ll0) INTERFACE STUDIED Department, Utica, NY; G. Vidali, Syracuse
USING LOW-ENERGY ELECTRON DIFFRACTION, T, University, Physics Department, Syracuse,
GuQ and W.K. Ford, Montana State University, NY.
Advanced Materials Center and the Department
of Physics, Bozeman, MT. C9.18 DOUBLE CRYSTAL X-RAY DIFFRACTION

MEASUREMENT OF A TRICLINICLY DISTORTED AND
C9.10 UNDERSTANDING THE INFLUENCE OF TILTED AlxGal-xAs UNIT CELL PRODUCED BY
INTERFACE PROPERTIES AND DEPOSITION PARAMET- GROWTH ON OFFCUT GaAs SUBSTRATES, A.
ERS ON THE SELECTIVE GROWTH OF (100) AND L and J. Levkoff, AT&T Bell
(110) CoGa FILMS ON (100)GaAs, Young K. Kim, Laboratories, Engineering Research Center,
Delrov A. Baugh and R. Stanley Williams, Princeton, NJ.
University of California, Department of
Chemistry and Biochemistry, Los Angeles, CA. C9,19 A MECHANISM FOR SOLUTE SEGREGATION

TO GRAIN BOUNDARIES, Chu Youvi and Zhang
C9.11 OBSERVATION OF HETEROEPITAXIALLY Sanhong, The Nonferrous Metals Society of
GROWN ORGANIC ULTRATHIN LAYERS ON INORGANIC China, Beijing, China.
SUBSTATES BY IN-SITU RHEED AND UHV STM,
Masahiko Hara, Hiroyuki Sasabe, Akira Yamada C9.29 PHASE DIAGRAMS AND PHASE TRANSFORMA-
and Anthony F. Garito, The Institute of TIONS FOR GRAIN BOUNDARIES IN HEXAGONAL
Physical and Chemical Research, Riken In- CLOSE PACKED METALS, Kisoo Sin and A.H.
stitute, Frontier Research Program, Saitama, King, State University of New York at Stony
Japan. Brook, Department of Materials Science and

Engineering, Stony Brook, NY.
C9.12 A NOVEL COMPUTATIONAL METHOD FOR
EPITAXIAL ENERGY ON AN INCOMMENSURATE AND/OR C9,21 STRUCTURE OF PURE TILT AND TWIST
COMMENSURATE INTERFACE, Sun M..Pjk and Ivan BOUNDARIES GENERALIZATION AND COMMENTS ON
K. Schuller, University of California, San THE STRUCTURAL UNIT MODEL, M. Khantha and V.
Diego, Physical Department, La Jolla, CA. Vitek, University of Pennsylvania, Depart-

ment of Materials Science and Engineering,
C9.13 FULL POTENTIAL, LMTO CALCULATION OF Philadelphia, PA.
TiC FRACTURE, D and B.R. Cooper,
West Virginia University, Department of C9.2 2 HIGH-RESOLUTION ELECTRON MICROSCOPY
Physics, Morgantown, WV. OF OLIVINE-MAGNETITE INTERFACES, Stuart

Mc.trnan and C. Barry Carter, Cornell
C9.14 COMPARISON OF SURFACE ATOMIC GEOME- University, Department of Materials science
TRIES OF TETRAHEDRALLY COORDINATED COMPOUND and Engineering, Ithaca, NY; Daniel Ricoult,
SEMICONDUCTORS WITH THOSE OF RUTILE STRUC- Corning-Europe, Avon, France; A.G. Cullis,
TURE OXIDES, Charles B. Duke and M Royal Signals and Radar Establishment,
T, Pacific Northwest Laboratory, Worcs, United Kingdom.
Richland, WA.

C9.23 ATOMIC SCALE STRUCTURE OF TWIN
BOUNDARY IN Y-Ba-Cu-O SUPERCONDUCTOR, X.
=U, M. Suenaga and Youwen Xu, Brookhaven
National Laboratory, Upton, NY; M. Kawasaki,
Jeol USA, Inc., Peabody, MA.
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C9.24 STRUCTURAL STUDIES OF A TYPICAL C9.32 SIMULATION AND QUANTIFICATION OF
LAYERED SEMICONDUCTOR (S4 In2 Zn) USING HIGH HIGH RESOLUTION Z-CONTRAST IMAGING OF SEMI-
RESOLUTION ELECTRON MICROSCOPY AND CONVER- CONDUCTOR INTERFACES, David E. Jesson, S.J.
GENT BEAM ELECTRON DIFFRACTION, Dwight R. Pennycook and M.F. Chisholm, Oak Ridge
Acosta, Universidad Nacional Aut6noma de National Laboratory, Solid State Division,
Mexico, Instituto de Fisica, Mexico, M~xico; Oak Ridge, TN.
Mauro Briceho, Universidad de Los Andes,
Facultad de Ciencias, Mbrida, Venezuela. C9.33 SIMULATED IMAGE MAPS FOR USE IN

EXPERIMENTAL HIGH-RESOLUTION MICROSCOPY,
C9.25 EFFECT OF B, C, P AND S ON INTER- M.A. O'Keefe and U. Dahmen, University of
GRANULAR COHESION IN IRON, GnrjcjL. California at Berkeley, Lawrence Berkeley
Krasko, U.S. Army Materials Tech. Lab, Laboratory, National Center for Electron
Metals Research Branch, Watertown, MA; G.B. Microscopy, Berkeley, CA.
Olson, Northwestern University, Department
of Materials Science and Engineering, Evans- C9.34 LAYER CONTRAST IN InAs/GaAs SUPER-
ton, IL. LATTICES STUDIED BY TEM, C.J. Kiely, Univer-

sity of Liverpool, Department of Materials
C9.26 MODELING OF NANOPHASE CONNECTIVITY Science and Engineering, Liverpool, United
IN SUBSTANCE-VOID COMPOSITE BY OBLIQUE Kingdom; K.C. Hseih, University of Illinois
DEPOSITION, Tomovoshi Motohiro, S. Noda, A. at Urbana-Champaign, Department of Elec-
Isogai and 0. Kamigaito, Toyota Central trical Engineering, Urbana, IL; A. Rockett,
Research and Development Laboratories, Inc., University of Illinois at Urbana-Champaign,
Research Division IV, Materials Science Lab, Department of Materials Science, Urbana, IL.
Aichi-ken, Japan.

C9.35 ATOMIC STRUCTURE OF DISLOCATIONS AND
C9.27 DEFECT EVOLUTION IN Al/Cu AND Al/Ni INTERFACES IN SEMICONDUCTOR HETEROSTRUC-
BILAYERS DURING ANNEALING, Bent Nielsen, TURES, J. Naravan, North Carolina State
S.M. Heald, K.G. Lynn, E. Barrera and J. University, Department of Materials Science
Jayanetti, Brookhaven National Laboratory, and Engineering, Raleigh, NC.
Upton, NY; W. Triftshadser, Universitet der
Bundswehr, Neubiberg, West Germany. C9.36 PLATINUM SILICIDES FORMED BY RAPID

THERMAL PROCESSING FOR SCHOTTKY BARRIERS,
C9.28 NANOLAYER REACTIONS IN ALUMINUM- D.I. Zarovski, V.E. Borisenko, Minsk
METAL INTERFACES, E.V. Barrera, M.W. Ruckman Radioengineering Institute, Minsk, USSR.
and S.M. Heald, Brookhaven National Labora-
tory, Upton, NY. C9.37 XPS ANALYSIS OF THE CHEMISTRY OF THE

SAPPHIRE SURFACE AS A FUNCTION OF HIGH
C9.29 INTERFACIAL STRUCTURE OF Er40 3  TEMERATURE VACUUM ANNEALING, Eliezer Dovi
PRECIPITATES IN TITANIUM AND Ti-37A1, Daniel Richmond, Naval Research Laboratory,
S. Schwartz and Shankar M.L. Sastry, McDon- Washington, DC.
nell Douglas Research Laboratories, St.
Louis, MO; P. Fraundorf, University of C9.38 INFLUENCE OF PLASTICITY IN ADHESIVE
Missouri-St. Louis, Physics Department, St. BOND STRENGTH MEASUREMENTS USING SHOCK
Louis, MO. WAVES, Gerald L. Nutt and William Lai,

Lawrence Livermore National Laboratory,
C9.30 HIGH-RESOLUTION ELECTRON MICROSCOPY Livermore, CA; and Kenneth E. Froschner,
OF INTERFACES IN AlN-BRAZE METAL ALLOY Martin, Froschner and Associates, Livermore,
SYSTEMS, A.H. Carim, University of New CA.
Me~ico, Center for Micro-Engineered Ceramics
and Department of Chemical and Nuclear En- C9.39 ORIGIN OF ATOMIC RESOLUTION IN
gineering, Albuquerque, NM. SCANNING TUNNELING MICROSCOPY, C. Julian

Chen, IBM T.J. Watson Research Center,
C9.31 ATOMIC STRUCTURE OF CRYSTALLINE Yorktown Heights, NY.
BORON NITRIDE INTERFACES WITH CERAMIC SUB-
STRATES, L.F. Allard, Oak Ridge National C9.40 X-RAY REFLECTIVITY STUDIES OF THE
Laboratory, High Temperature Materials Si(001)/SiOx INTERFACE, T.A. Rabedeau, I.M.
Laboratory, Oak Ridge, TN; A.K. Datye and Tidswell, P.S. Pershan, Harvard University,
R.T. Paine, University of New Mexico, Center Department of Physics and Division of
for Micro-Engineered Ceramics, Albuquerque, Applied Sciences, Cambridge, MA; J. Bevk,
NM. B.S. Freer, AT&T Bell Laboratories, Murray

Hill, NJ; and A. Ourmazd, AT&T Bell Labora-
tories, Holmdel, NJ.
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SESSION Cl0: SILICIDE INTERFACE SESSION Cl: ROUGHNESS AND INTERDIFFUSION
REACTIONS AND STRUCTURE Chair: R. Hull

Chair: R. Pond Wednesday Morning, November 29
Wednesday Morning, November 29 Salon A/B (M)

Salon A/B (M)
10:30 CI1.1

8:30 *C10.1 FRACTIONAL ATOMIC PLANES IN GaAs/Al As
INTERFACE STRUCTURES AND THEIR DEFECTS IN SUPERLATTICES AND THEIR RELATIONSHIP TO
CoSi2 /Si: DISLOCATIONS, DISCLINATIONS AND A INTERFACIAL ROUGHNESS, Ivan K. Schuller,
THIN-FILM PHASE TRANSFORMATION, David J. University of California, San Diego, Physics
Eagki , R.T. Tung, S.M. Yalisove, R.L. Department, La Jolla, CA; M. Grimsditch,
Headrick and I.K. Robinson, AT&T Bell Labor- Argonne National Laboratory, Material Sci-
atories, Murray Hill, NJ. ence Division, Argonne, IL; F. Chambers and

G. Devane, Amoco Technology Company, Amoco
9:00 C10.2 Research Center, Naperville, IL; H.

ATOMIC STRUCTURES AT CoSi 2/Si(lll) AND Vanderstraeten, D. Neerinck, J.-P. Locquet
CoSi/Si(lll) INTERFACES, A. Catana and P.E. and Y. Bruynseraede, Katholieke Universiteit
Schmid, Swiss Federal Institute of Tech- Leuven, Physics Department, Leuven, Belgium.
nology, Department of Applied Physics, Lau-
sanne, Switzerland; P. Stadelmann, Swiss 10:45 C11.2
Federal Institute of Technology, Department STUDY OF INTERFACIAL SHARPNESS AND GROWTH IN
of Electron Microscopy, Lausanne, Switzer- (AlAs)m/(GaAs)n SUPERLATTICES, W. Tseng, S.
land. Prokes, M. Fatemi, B.V. Shanabrook, B.

Wilkins and H. Dietrich, Naval Research
9;15 C10.3 Laboratory, Washington, DC.

MICROSTRUCTURAL ASPECTS OF AMORPHOUS NICKEL
SILICIDE FORMATION IN EVAPORATED Ni-Si 11:00. C11.3
MULTILAYERS, Karen Holloway, IBM, T.J. A WEAK BEAM IMAGING TECHNIQUE FOR THE CHAR-
Watson Research Ctr., Yorktown Heights, NY. ACTERIZATION OF INTERFACIAL ROUGHNESS IN

(InGa)As/GaAs STRAINED LAYER STRUCTURES,
9:30 C10.4 J.Y. Yao, T.G. Andersson and G.L. Dunlop,

NUMERICAL AUGER LINESHAPE ANALYSIS OF PHASE Chalmers University of Technology, Depart-
FORMATION IN NI/SI(lll), J.R. Butler, X. ment of Physics, Gbteborg, Sweden.
Tong and P.A. Bennett, Arizona State Univer-
sity, Department of Physics, Tempe, AZ. 11:15 C1I.4

THE OBSERVATION OF SURFACE ROUGHENING ON
9:45 C10.5 ALUMINUM USING OPTICAL SECOND-HARMONIC

X-RAY ABSORPTION STUDIES OF TITANIUM SILI- GENERATION, S. Janz, K. Pedersen and H. van
CIDE FORMATION AT THE INTERFACE OF Ti DEPOS- Driel, University of Toronto, Physics De-
ITED ON Si, David Aldrich, Q. Islam, H. partment, Toronto, Canada; R. Timsit, Alcan
Jeon, R. Nemanich and D.E. Sayers, North Research and Development Centre, Kingston,
Carolina State University, Department of Canada.
Physics, Raleigh, NC.

11:30 C11.5
10:00 C10.6 INTERFACIAL STABILITY AND INTERDIFFUSION IN
SILICIDE FORMATION AND THERMAL STABILITY OF SEMICONDUCTOR SYSTEMS, Y. Kim and A.
Ni/Si/GaAs INTERFACES, Y. Yamamoto, K. Ourmazd, AT&T Bell Laboratories, Holmdel,
Ishibashi, Hosei University, Research Center NJ.
of Ion Beam Technology, Tokyo, Japan; 5.
Suzuki, Advanced Materials Laboratory, Inc., 11:45 CII.6
Saitama, Japan; T.E. Shim, Samsung ATOMIC STRUCTURE AND CHEMISTRY OF INTERFACES
Electronics, R&D Center, Semiconductor DETERMINED BY Z-CONTRAST STEM, M.F.
Business, Seoul, Korea; and Waseda Univer- chisholm, S.J. Pennycook and D.E. Jesson,
sity, Tokyo, Japan. Oak Ridge National Laboratory, Solid State

Division, Oak Ridge, TN.
10:15 BREAK
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SESSION C12: OXIDE INTERFACES 3:45 C13.2
Chair: R. Feenstra ON THE ATOMIC STRUCTURE OF GRAIN BOUNDARIES

Wednesday Afternoon, November 29 IN SMALL METALLIC AND BIMETALLIC PARTICLES,
Salon A/B (M) Miguel Avalos, Roberto Hernandez, Pablo

Schabes, Armando Vazquez and Miguel Jos6
1:30 C12.1 Ycaman, UNAM, Instituto de Fisica, Mexico,

THE USE OF FRESNEL CONTRAST TO STUDY THE Mexico.
INITIAL STAGES OF THE IN-SITU OXIDATION OF
SILICON, R and W.M. Stobbs, Cam- 4:00 C13.3
bridge University, Department of Materials STRUCTURE AND PROPERTIES OF THE (110) INVER-
Science and Metallurgy, Cambridge, United SION DOMAIN BOUNDARY IN P-SiC, W.R.L.
Kingdom; J. Gibson, AT&T Bell Laboratories, L and B. Segall, Case Western
Murray Hill, NJ. Reserve University, Department of Physics,

Cleveland, OH.
1:45 C12J.

THE INITIAL STAGES OF FORMATION FOR THE 4:15 C13.4
Si/Si0 2  INTERFACE ON Si(lll) 7X7, J.M. MECHANICAL RESPONSE OF MATERIALS WITH INTER-
Gibson, AT&T Bell Laboratories, Murray Hill, FACES, I. Alber, J.L. Bassani and J. Qu,
NJ. University of Pennsylvania, Department of

Mechanical Engineering and Applied Mechan-
2:00 C12.3 ics, Philadelphia, PA; V. Vitek and G.-J.

ELECTRON SPIN RESONANCE STUDIES OF SILICON Wang, University of Pennsylvania, Department
DIOXIDE FILMS ON SILICON IN INTEGRATED of Materials Science and Engineering, Phila-
CIRCUITS USING SPIN DEPENDENT RECOMBINATION, delphia, PA.
Mark A. Juoina and Patrick M. Lenahan,
Pennsylvania State University, University 4:30 C13.5
Park, PA. ATOMISTIC SIMULATION STUDIES OF INTERFACES

IN NANOPHASE COPPER AND SILICON, James A.
2:15 C12.4 Lupo and Michael J. Sabochick, Air Force

AN NMR STUDY OF HYDROGEN AT THE Si/Si0 2  Institute of Technology, Department of
INTERFACE OF THERMALLY GROWN OXIDES, David Engineering Physics, Wright Patterson AFB,

Levy and Karen K. Gleason, Massachusetts OH.
Institute of Technology, Department of
Chemical Engineering, Cambridge, MA. 4:45 Q13.6

THE APPLICATION OF GLANCING ANGLE EXAFS TO
2:30 C12.5 STUDY THE STRUCTURE OF PLATINUM-NICKEL
ELECTRONIC STRUCTURE OF EPITAXIAL Si0 2/ MULTILAYERS, G.M. Lamble and S.M. Heald,
Si(100) INTERFACES, T. Motooks, University Brookhaven National Laboratory, Material
of Tsukuba, Institute of Applied Physics, Science Department, Upton, NY; B.M. Clemens,
Ibaraki, Japan. University of Stanford, Material Science and

Engineering Department, Stanford, CA.
2:45 C12.6

THE STRUCTURE OF INTERFACES IN OXIDE HETERO- 5:00 C13.7
JUNCTIONS FORMED BY CVD, L.A. Tietz, S.R. THE ELECTRONIC STRUCTURE OF Z5 GRAIN
Summerfelt and C.B. Carter, Cornell Univer- BOUNDARIS IN CU, Erik C. Sowa and A. Gonis,
sity, Department of Materials Science and Lawrence Livermore National Laboratory,
Engineering, Ithaca, NY. Livermore, CA; X-G. Zhang, Northwestern

University, Chicago, IL; and S.M. Foiles,
3-:00 BREAK Sandia National Laboratories Livermore,

Livermore, CA.
SESSION C13: GRAIN BOUNDARIES AND

NANOPHASE MATERIALS
Chair: C. B. Carter

Wednesday Afternoon, November 29
Salon A/B (M)

3:30 C13-1
THE STRUCTURE OF GRAIN BOUNDARIES IN ALUMI-
NUM, M.J..Mill, Sandia National Laborator-
ies, Materials Department, Livermore, CA;
G.J. Thomas, Sandia National Laboratories,
Theoretical Division, Livermore, CA; F.
Cosandey, Rutgers University, Department of
Mechanical and Material Science, Piscataway,
NJ.
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Ci. I
ONSET OF GaAs HOMOEPITAXY AND HETEROEPITAXY. coordinated is only ,-0.1 eV higher in energy. The present results willD. K. BegelsenPalo Alto Research Ctr, Palo Alto, CA, 94304 be compared with the knowu structures of other silicides on Si. \'al-

ues for Schottky harrier heights, calculated within the local-density
Scanning tunneling microscopy results are presented for thin approximation, will also be reported.
GaAs films grown by in situ molecular beam epitaxy on C1.4
GaAs(100) and Si(100) substrates. Atomic arrangements aredirctl osered orthevaiou sufae rcontrctins THE STRUCTURE AND CHEMISTRY OF THE Ge/SAPPHIRE
directly observed for the various surface reconstructions INTERFACE, Geoffrey P. Malafskv ,ONT Postdoctoral
occurring as a function of surface stoichiometry. The Fellow; and David J. Godbey, Naval Research
homoepitaxial results are compared and contrasted with Laboratory, Code 6816, Wash, DC 20375
related images of As and GaAs deposited on on-axis and The molecular beam epitaxial (ME) growth of
vicinal Si. In the earliest stages of heteroepitaxial growth a silicon on sapphire (SOS) provides growth control
two dimensional film grows which is topographically uniform on an atomic scale. This permits the study of the
but chemically disordered. At coverages above initial stages of heteroepitaxy. The growth of a
approximately six monolayers a transition occurs to a three crystalline epilayer is associated with a three

dimensional growth mechanism and a large densitydimensional regime. We will try to delineate equilibrium of interfacial defects. Recently, it was shownand kinetic origins of the observed phenomena. that MBE grown germanium on sapphire (GOS) can
produce a crystalline epilayer via an islanding

Cl.2 growth mechanism. We examine the interfacial
reactions of the new GOS system. We present an

HIGH RESOLUTION ION SCATTERING STUDIES OF in-situ analysis of the chemical and structural
THIN EPITAXIAL FILMS. Ruud M.Tromp*, IBM Research bonding in the first few monolayers of the Ge

epilayer. The interfacial chemistry is determinedDivision, TJ. Watson Research Center Yorktown Heights, NY. by X-ray photoelectron spectroscopy (XPS) and
Auger electron spectroscopy (AES). The growth

Medium Energy Ion Scattering (MEIS), in combination with mechanism is revealed by the rate of attenuation
channeling and blocking is eminently suited for the study of thin of the sapphire peak signals.
epitaxial films, with a depth resolution of 3-5 A. In this talk I will
present results obtained on the Si(I I I)-CaF2 interface, grown in C2.1
situ and analyzed with MEIS and photocmision techniques. We Energetics and Electronic Structure of GaAs on Si.
have determined the structure of this interface uniquely, and con- john E. Northrup, Xerox Palo Alto Research Ctr, Palo Alto, CA,
firmed that the interface structure for much thicker is the same, 94304
using high resolution electron microscopy. Secondly, I will discuss
the role of a surface active species ('surfactant) on the epitaxial Total energy calculations have been performed using the
growth process. In particular, I will address the dramatic changes density functional pseudopotentia! method for various
in growth mode in the Si(00I)/Gc/Si system, resulting from the possible two-dimensional phases of GaAs on Si(111) and
presence of a segregating As monolaycr during growth. Stranski- Si(100). The two-dimensional phases which have been
Krastanov and Volmer-Webcr growth modes are changed to examined so far have positive formation energies with respect
layer-by-layer growth under the influence of the As monolayer. to bulk GaAs reservoirs (large GaAs islands) plus the As-
These phenomena are interpreted using total energies calculated terminated Si(111) or Si(100) surfaces. On the basis of these
using self-consistent pseudopotcntial calculations in the local den- results one can estimate a critical number of GaAs pairs
sity approximation. required to form stable GaAs islands on the As-terminated Si

surface. The influence of the interface electrostatic dipole on
Work performed in collaboration with M. Copel, M. Reuter, E. the energetics and electronic structure of the overlayers has

Kaxiras and F.K. LeGoues. been examined.

Cl.3 C2.2

STRUCTURAL ENERGIES OF ANTIPKASE DOMAIN WALLS IN
ATOMIC STRUCTURE OF CaSi2/Si INTERFACES. GaAs. David Vanderbilt and L. Brey, Department of
Chris G. Van de Walle, Philips Laboratories, Briarcliff Manor, NY Physics, Harvard University, Cambridge, MA
10510. 02138.

When grown epitaxially on Si( III), metallic CaSi2 assumes the t rigonal- Local-density total-energy calculations of the
rhombohedral phase (a=3.85b A, c=30.6 A),' which is closely lattice- structural properties of antiphase domain walls
matched to Si (3.855 A xv/2 =5.45 A). The absence of d electrons (ADW' s) are carried out for GaAs, a prototypical
makes CaSi2 qualitatively different from the traditional transition- III-V semiconductor. The ADW' s, which are
metal silicides. The atomic structure of the CaSi2/Si interface is boundaries at which the assignment of species to
studied here with state-of-the-art theoretical techniques, based on sublattice becomes reversed, are problematic
pseudopotential-density-functional theory in a superlattice geometry. especially for growth of GaAs films on Si or Ge(100) substrates. We study a variety of
Various models for the interfacial structure are examined, in which superlattice structures containing ADW's oriented
the Ca atoms at the interface exhibit 5-, 6-, 7-, or 8-fold coordina- in the (100), (110), and (111) directions. The
tion. The configuration in which Ca has 7-fold coordination (as in dependence of the ADW energy upon orientation,
bulk CaSi2) has the lowest energy; the Si double layer at the interface stoichiometry, and atomic structure is
can be considered to be a continuation of the CaSil structure, but elucidated. Simple Ising-like models for theenergetics of these interfaces are discussed and
with a Si-Si distance very close to its value in bulk Si. This struc- teted.
ture is consistent with results obtained from cross-sectional electro t
micrographs.' However, the structure in which interfacial Ca is 8-fold

92



C2.3 C2.5
VERY THIN 2D GaAs FILMS on Si DURING the THE INITIAL STAGES OF GROWTH OF InSb ON
EARLY STAGES of GROWTH by MBE. GaAs(100) BY MBE - A HIGHLY LATTICE MISMATCHED

HETEROINTERFACE.
D.enner* + D.K. Biegelsen,* and B.S. Krusor;* C.LKi, Department of Materials Science and EngineeringUniversity of
*Xerox Palo Alto Research Center, Palo Alo, CA 94034. Liverpool; A.Rockett, 3-I.Chyi and H.Morkoc, Coordinated Science*Xerx Plo ltoReserchCenerPaloAlt, C 9434.Laboratory, University of Illinois at Urbana-Champaign.

+Physics Dept., Santa Clara University, Santa Clara, CA 95053.

Good quality epitaxial InSb can be grown on GaAs(100) by MBE despite
the 14.6% lattice mismatch. We have previously reported TEM and

GaAs samples deposited on Si by molecular beam epitaxy electrical characterisation studies from thick InSb layers, in which we found
with a graded thickness of 0-3 nm initially show the presence of ute high dislocation densities (-107 cnr2 which limit electron mobilities

an. In t is present study, the initial stages of epitaxy have beenametastable 2D layer containing Ga and As. In the thicker investigated by plan view and cross-sectional microscopy of very thin lnSb
regions of the wedge samples, islands (3D topography) form in layers. The results have led us to deduce several key features related to

the presence of the 2D sea, i.e., Stranski- Krastanov growth. defect formation in highly mismatched epitaxial overlayers.

Compositional profiles of these wedges were made with in situ InSb nucleates as three dimensional islands of well defined shape and
grows pseudomorphically until a critical lateral dimension of - 30A isAuger electron spectroscopy (AES) which has allowed the reached. After this, misfit is mainly accommodated by nucleating

identification of at least four regimes of growth; i) As energetically favoured a/2[01 1] edge-type dislocations at the periphery of
the islands at regular intervals as strain periodically accumulates in thetermination of Si, ii) 2D - growth of a bilayer terrace, iii) islands. Some 600 defects are noted at the interface however and are

followed by a second bilayer terrace, and finally iv) the associated with dislocations and loops which thread through the epilayer.
Evidence will be presented correlating the existence of these threading

nucleation of island growth. Lattice images from cross - defects with (1) "misfit dislocation array mismatch" at coalescing islands,
sectional transmission electron microscopy are consistent with (2) interfacial steps, (3) residual strains in the islands at coalescence and (4)

the thermal expansion coefficient mismatch between epilayr and substrate.
the AES profiles. Substrate temperature during deposition of the Finally interface roughening effects which are seen to occur in this system
films has a strong effect on film topography, as does the beam - during growth will be discussed.

flux ratio on film stoichiometry. [1] CJ.Kiely, J-I.Chyi, A.Rockett and H.Morkoc, Phil.Mag.A.,(1989), in
DBF received support from the NSF (DMR- 8822353). press.

C2.4 C3.1

um-SCALE LATERAL GROWTH OF Ga-MONOLAYERS OBSERVED LOW ENERGY ELECTRON MICROSCOPY OF ATOMIC SCALE
IN-SIrU BY ELECTRON MICROSCOPY J.Osaka. N.Inoue, STRUCTURES OF SURFACES. E. Bauer, M. Altman,
NTi LSI Laboratories. Atsugl City. Japan M. Mundschau and W. Swiech, Physikalisches In-

stitut, Technische Universitit Clausthal, Claus-
Terrace sJzes on GaAs and AIGaAs surfaces have been thal-Zellerfeld and SFB 126, Gbttingen-Claus-
limited to less than a few thousand and less than a thai, FRG,
few hundred Angstroms, respectively, by the small
surface migration length of Ga and Al on surfaces Although low energy electron microscopy (LEEM)
covered with As. In this paper we show that the has presently only a lateral resolution of about
lateral growt;i of Ga(+Al) monolayer can be extended 15 nm it can image atomic scale structures such
as far as several microns by using Ga(*Al) droplets. as monoatomic steps or glide lines provided that

Growth was performed in an MBE-SREM (Scanning their spacing is larger than 15 nm. The contrast
Reflection Electron Microscope) system[li. Surface is caused by the phase difference between the
atomic structures are observed in-situ at a waves reflected from the terraces adjoining the
resolution of about 1000 A. When Ga is supplied for step. Also interfaces are accessible to LEEM
2 layers on a surface covered with As. droplets are provided that they are parallel to the surface
observed[2], spaced about 10 jum apart and sized and not too far away from it. Their contrast is
about 1 .im at 600 *C. When As is supplied next, due to the quantum size effect.
background areas are suddenly covered with As.
However. it Is found that bright areas appear around The talk will be concerned mainly with the atom-
the droplets. These are Ga monolayers growing over ic step structure of Si(1OO), Si(1I1), Mo(110)
the As. The gallium monolayers extend continuously and Pb(1lO) surfaces, its dependence on pre-
ustil they finally cover the entire surface. It is treatment, its interaction with bulk defects and
shown that the size of the droplets, the spacing,
and the monolayer extension In the case of AlGaAs its significance for nucleation processes in
are as large as those in GaAs. The very long surface phase transitions, segregation and film
diffusion length for the mjm order is attributable to growth. Particular attention will be given to
the fast diffusion of Ga and Al atoms on a Ga(+Al) the modification of the atomic step structures
overlayer on an As layer. by impurity-induced inhomogeneous sublimation

and by interaction with strongly adsorbed atoms
By taking advantage of this phenomenon, It is such as Au and Cu on Si(111) and Cu on Mo(110).
expected that terraces as large as several microns
will be realized. The interfacial structure will be discussed for
IlIK.Yamada. N.Inoue, J.Osaka. and K.Wada. the case of CoSi on Si (111). A video tape will

Appl.Phys.Lett. 55 August 14 (1989) illustrate step-?elated processes.
[21J.Osaka, N.Inoue, Y.M;.da, K.Yamada, and K.Wada,

ICCG-9 abstract No.FV-2. Sendal (1989)

93



C3.2 C3.5

THE INITIAL STAGES OF GROWTH OF SI ON 51(111) BY PHOTOEMISSION CHARACTERIZATION OF THIN FILM
SPA-LEED. M. Horn von Hoegen, T. J. Watson Research NUCLEATION ON INERT SUBSTRATES. Q.HaL s ,
Center, Yorktown Hgts, NY; M. Henzler, Institul fuer A. Raisanen, C. Caprile, X. Yu, G Ceccone and A. Franciosi,
Festkoerperphysik, Universitaet Hannover, Germany. Dept. of Chemical Engineering and Materials Science,

University of Minnesota, Minneapolis, MN 55455.
LEED Is used to Investigate the initial stages of the growth

of silicon on silicon (111) between 556K and 900K. The We have performed synchrotron radiation photoemission
partial coverages , of the growing film are derived out of studies of the early stages of K, Mn, and Sm thin film
the intensity oscillation of the 00- and 7x7-spot during growth on solid xenon substrates. In the coverage range
evaporation. explored (2x10 1 3 - x10 1 6 atoms/cm 2 ), film growth is
We observe a preferred growth In the second layer long well approximated by a model in which the nucleation
before the first layer Is completed. Surface defects caused site density remains constant, and hemi-ellipsoidal
by superstructure disorder on the grown Islands act as clusters increase in size until coalescence is achieved.
nucleation center for the diffusing adetoms. So at 633K the Site density and average cluster size were determined by
g ro w n is la n d s sh o w n o o rd e re d su p e rstru ctu re , a lth o u g h c o m p a rins i t e xpe r a c ve r ae -e e d e n c emin e d h e
the film is epitaxial. The 7x7-spots display all features of comparing the experimental coverage-dependence of the
the diffraction of a substrate with a non scattering over- metal and Xe core photoemission intensities with the
layer for coverages below 2 monolayers. predictions of the numerical model. The coverage.
The grown films show below 650K an unordered super- dependence of the effective core-level binding energies
structure, in an intermediate temperture range a mixture provide additional quantitative information on cluster
of 5x5- and 7x7-domalns and finally above 870K the per- size. We present a valence band photoemission analysis
fet 7x7- superstructure. The average size of Islands in- of the metal electronic structure as a function of cluster
creases from 30 up to 40000 atoms, size and morphology in the 10-104 atom cluster size

range. Furthermore, a deconvolution of the "screened" and
C3.3 "unscreened" contributions to the Xe core emission

AUTOEPITAXY ON AU(III) STUDIED BY SCANNING allowed us to probe directly the magnitude and the
TUNNELING MICROSCOPY. M M yD k, C. A. Lang, J. Nogami, spatial extent of the metal-induced screening of the Xe
and C. F. Quate, Department of Applied Physics, Stanford University, core hole as a function of cluster size.
Stanford, Califomia 94305

Using a scanning tunneling microscope in ultra-high vacuum, we have C4. 1
studied several stages of autepitaxy on Au(l 11) from submonolayer up MEASUREMENT OF THE RELATIVE POSITION OF ADJACENT
to twenty monolayer coverage at room temperature. The substraCte, MEASM N THE R ELI S OF AAE
Au(l11) epitaxially grown on mica. exhibits several hundred A wide CRYSTALS, AND THE MODELLING OF INTERFACIAL
atomicallyflhtterracesseparatedby mnostomicsteps. STRUCTURE. R.C. Pond, Department of Materials Science and

Engineering, University of Liverpool, P.O. Box 147, Liverpool L69 3BX,
At submonola&cr coverages, the gold nucleates into single layer clusters England, U.K.
as small as 25Aaligned preferentially in rows perpendicular to the <1 10>
terrace edges. These clusters coalesce as the metal coverage increases. The relative position of adjacent crystals can be measured with high
Higher layers start forming before the lower ones are completely filled, precision using transmission electron microscopy. The technique can be
The number of incomplete layers increases with deposition rate and total used in the case of grain boundaries where the relative orientation of the two
thicknessofthe flm. Room temperatre diffusion smoothens the twe crystals corresponds to a coincidence site lattice. Under these
structure over a period of several hours. The acceleration of this prxoeu circumstances, sets of crystal planes which have the same spacing and
by a moderate anneal is also observed, orientation in the two crystals can be oriented simultaneously for two beam

or systematic diffraction. The extinction distances for Bloch waves excited
Preliminary results on epitaxy of In and Ag on Au(lll) will also be in the two crystals will be identical, but interference will occur if their
reported. phases are different. When the relative position of the two crystals is

defined by a displacement p of one crystal with respect to the other, the
phase difference will be equal to 2ntg. for the reflection g. Providing the

C3 .4 interface is inclined to the specimen surface, so called a-fringes will be
STM OF GOLD ON GRAPHITE by. P. A. Thomas, W. H. Lee, R. observed in the image. By comparing simulated images with experimental
I. Masel, unliversity of Illinois, Urbana U1, 61801 observations, and using at least three independent reflections, the vector 2

can be determined. In favourable specimens, values of g.1 as small as 0.02can be detected. However, the technique is subject to possible ambiguities

Scanning Tunnelling Microscopy was used to examine how evaporated and imprecisions, particularly when high index reflections are used.

gold films change when they are annealed at 600 C on graphite Determination of 1z enables interfacial structures to be modelled, and the
substrates. The evaporated films started out relatively stnoooth. technique has been used successfully to investigate the interfacial structure
However, after 1 hr of annealing, a series of dendrites were clearly of grain boundaries in Al, Si and Ge for example. In addition, information
visable on the stirface of the films. With additional annealing, the concerning the structure of interfacial dislocations, and the excess free
dendrites got larger, until the film broke into particles. Particles then volume at interfaces has been obtained by these means.
grew by a sintering process. After a long anneal, the surfaces of the
larger particles became smooth again. However, the surfaces of the C4.2
particles smaller than 50 A remained rough. We believe that the
difference in morphology of large and small particles may have some INTERFACE STRAIN AND THE VALENCE BAND OFFSF.T AT
profound implications for shape selective catalysis. THE LATTICE MATCHED In, S3 Gao 47 As/triP INTERFACE.

Mark S. Hlybertsen, AT&T Bell Laboratories, Murray ill, NJ,

07074.

i ligh resolution X-ray diiffr:ction experiments oi carefully g'o" It

In 53 Gao 47 As/ini0 heterostructures have shown all iitrhlsi"
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located uiamrbig ioisly in both the real and simulated images. The
interface strain [Il. The growth sequence yields atomieally abrupt ErAs/GaAs interface appears to be very smooth, while the CoGa/GaAs
interfaces with two types of interface layer: PM (where interface does not appear to be as flat on an atomic scale. Interfaces have
Al- JnoS Ga o 47 ) and Asin. In the present work, the interface also been analyzed, in both simulated and experimental case, where steps
energy as a function of strain for a 3X3 superlattice has been were present on the original surface.
calculated using the local density functional approach (LDA). The
alloy is treated within the virtual crystal approximation. In these C4.5
preliminary studies, a simple one parameter structural model is
examined: the PMI distance is contracted by c while the In.4ns PLAN-VIEW CBED STUDIES OF NiO-ZrO (CaO) I NTERFACES.

Vinaak P. Dravd. Mchael R. Notis, Charles E. Lyan,

distance is expanded by e, preserving the c-axis lattice constant. Dept. of Materials Science & Engineering, Lehigh
The calculated strain which minimizes the total energy is similar university, Bethlehem, PA 18015, USA, A. Ravcolevschi,
to the strain found in the experiment. Furthermore, the Lab. de Chimie des Solides, Universite de Paris-Sud,
calculated valence band offset (within the LDA) is found to be a Orsay, FRANCE.
sensative function of the interface strain, varying by 150 meV for
0.0 <f< 0.08. More detailed structural studies are underway and Lamellar interphase interfaces in the directionally
the interesting case where both interfaces have the same solidified eutectic (DSE) NiO-Zr0 (CaO) have been

nand Asin, will he discussed, investigated using conventional TI, convergent beamcomposition, e.g. InAs electron diffraction (CBED) and high resolution TEN.
This DSE grow along [1101 NiO // (0011 ZrO , with

III J.M. Vandenberg el al., Appl. Phys. Let. 53, 1920 (1088). (112] RiO // (0101 ZrO and [111] iO // [100 ZrO2 /
Interface normal. (Ili) NiO II (100) ZrO 2 has been
identified as a low energy configuration fRith
translation periodicity within the planar interface.
The symetry and relaxation mechanisms associated

C4.'3 with this interface, in particular the three components

STRUCTURAL STUDIES OF EPITAXIAL METAL of rigid body translation (RBT) have been investigated.

SEMICONDUCTOR INTERFACES USING TRANSMISSION CTEM and HRTKI indicated the denae nature of the core

ELECTRON SCATTERING. D_ Lor. o, J. M. Gibson and N. Chand, of the interface with minimum lattice expansion normal

AT&T Bell Labs., 600 Mountain Ave., Murray Hill, NJ 07974 and S. to the interface. Plan-view CBED has been used to

M. Yalisove, Dept. of Materials Science and Engineering, University of identify in-plane RBT which generally lowers the

Michigan, 2300 Hayward Street, Ann Arbor MI 48109. holosymmetric bicrystal point group symmetry. The
detailed methodology of plan-view CBED technique, its

Epitaxial semiconductor/metal interfaces are usually studied in the advantages and limitations will be compared with

transmission electron microscope (TEM) in two specimen geometries: other experimental techniques.

planview and cross-section. In planview samples the electron beam
impinges perpendicular to the plane of the interface, which allows for C5.1
quantitative diffraction and conventional diffraction/imaging. In cross-
section samples the electron beam is at grazing incidence and high INTERFACIAL SUPERSTRUCTURES STUDIED BY GRAZING

resolution TEM images can be recorded. The advantages and limitations INCIDENCE X-RAY DIFFRACTION. Koichi Ahimoto.

of each technique will be discussed using examples drawn from our Jun s ichiro Mizuki, Ichiro Hirosawa and Junli

continuing study of CoSi2/Si(001) 2xl/1x20) and from work on Matsui. NEC Corporation, 34, Miyukigaoka,

AliGaAs(001). In particular we will discuss the relatve sensitivity of Tsukuba city, Ibaraki 305, Japan

HRTEM and planview transmission electron diffraction to atomic
displacements at an epitaxial interface. Surface superstructures ( reconstructed

D. Loretto, J. M. Gibson and S. M. Yalisove, to appear in Phys. Rev. structures ) have been observed by many

Lett. July 1989. authors. However, it is not easy to confirm
that a superstructure does exist at an inter-
face between two solid layers. The present

C4.4 paper reports a direct observation, by a graz-

HIGH-RESOLUTION IMAGING OF THE INTERFACES BETWEEN ing incidence X-ray diffraction technique with

GaAs AND CoGa AND ErAs. ne G. Zhu,StuartMcKernan, ChrisJ. use of a synchrotron radiation, of superstruc-

Palmstrom* and C. Barry Carter, Department of Materials Science and tures at the interface between two solid

Engineering. Cornell University, Ithaca, NY 14853; *Bellcore, Red layers: amorphous silicon ( a-Si )/Si (lll)-
BankNJ 0701.7x7, a-Sl/Geo.aSio.a(lll)-5x!5, a-Si/B(4-3x4r)/Bank, NJ 0770 Si(lll), epitaxial Si(lll)/B( "x J')/Si (111),

Metallic compounds, including NiAl, NiGa, CoGs and CoAl, have SiOe/Si (lOO)-2xl. In the case of B( ,J .x ), for

numerous potential uses such as the incorporation of metal layers into instance, boron atoms are suggested to occupy

semiconductor structures and the improvement of metal contacts for substi tutional sites, thus forming the axJ7

semiconductor devices. These compounds have the CsCI (i.e., simple structure. Interfaclal superstructures between
cubic) structure. The arenides of the trivalent ram earths, which am being Al ( also Sb or Yb ) and GaAs(100) have also

studied for the same reasons, occur normally with the NaCI (f.c.c.) been found. For the Yb/GaAs(100) contact eye-

structure. The lattice constants, or for the materials with the CsCI tem, different interfacial superstructures have

structure, a sub-lattice constant, of these compounds am very close t the been found with different Yb thickness giving

lattice constantofGaAs.Forthepurposeof investigating the structure and rise to different Schottky-barrler heights.
crystal quality of epilayers of these materials, CoGaand.ErAshave been Such superstructures may be relevant for under-
grownonGaAs(100)substratesbymolecular-beam epitaxy. The isfit 3tanding Schottky-barrler formation. In addi-
dislocations at these interfaces have been characterized and will be tion, the interfaces of MOCVD-grown AIN/ 

discussedinacompanionpaper. High-reslluiontransmission electron GaAs(lO0) have been found to have 1x4 or 1x6
microscopy (HRTEM) has been used to study the atomic configuration supers truc tures.
and the abruptness of both the CoGa/GaAs and ErAs/GaAs interfaces.

The HRTEM images have been recorded using a JEOL 4000EX which
has a point-to-point resolution of -0.17 rm. The interface images have
been simulated for a range of specimen and image conditions using the
TEMPAS multislice program. The images of the materials on either side
of the interface have also been simulated and compared to the
experimentally obtained images. The position of the interface can be
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C5.2 technique to study interfacial sn'ucture and composition in situ at the
DIRECT OBSERVATION OF A 7X7 SUPERSTRUCTURE BURIED AT THE liqud/solidinterfaceisdiscussed.

AXORPHOUS-Si/Si(lII) INTERFACE. Akira Sakai, Toru Tatsumi Energetic Heionsbackscatxeredfrom athinSiwindowcell

and Koichi Ishida, Fundamental Research Laboratories. NEC arrangementareusedTocharacterizetheliquid/solid interface after insitu anisotropic etching of the oxide layer. Analysis of the aligned and
Corporation. iyukigaoks, Tsukuba, 305 Japan. random backscanered energy specurm of the ion's after their interacuon

with the liquid at the interface indicates the growth of thin epitaxisl
metal films on Si from solutions. Expenmentally measured z mi

Direct imaging of a 7x7 superstructure buried at the valus of Si and metal atoms idicate that the metal atoms a deposited

amorphous-Si/Si (111) interface has been demonstrated by along the same directon (as the substrate atoms) up to severa rum from
cross-sectional high resolution transmission electron a sharp interface. The lattce damage of the subsmtte dming film growth

from the solution appears significantly lower compared t that due to

microscopy (HRT1EN). The electron diffraction pattern of the etching.Examplesofthisstudyforthedeposiionofepitaxialmetal

interface region showed diffuse streaks of fractional order filmsofCu, Ni,PdandAuonSifromsolutionsofthemetalhalidesare presented.
which suggested the existence of the superstructure at the

I. K.R. Padmanabhan., P.j. Drallos, R. B. Alexander and J. C.interface. The <110> cross-sectional HRTEIK image of the Buchholz, Appl. Phys. Lett.,48,578(1986).
buried 7x7 superstructure in one domain showed saw-tooth

like contrast which had a periodicity of 23 A. This C5.5

periodicity is 7 times the 1/3(422) periodicity which is ELECTRONIC AND ATOMIC PROPERTIES OF THE a-C:H/Ge
3.3 A along the interface. The optical diffraction pattern INTERFACE. M IBM T. J. Watson Research Center,

Yorktown Heights, N.Y. 10598; D. Ugolini and P. Oelhafen, Instituteof Physics, University of Basel, CH-4056 Basel, Switzerland.
fractional order contributed to the image formation of the

buried 7x7 superstructure. The origin of the image contrast The performance of Ge infrared optical components can be drastically

will also be discussed. improved by the use of a protective and antireflection coating made
of a hydrogenated amorphous carbon (a-C:H) film. A primary concern

C5.3 in all applications a-C:H films is adhesion. The adhesion quality of thin
11): CLEAN SURFACE PREPARATION coatings on a material depend to a large degree on the electronic and

TOPOGRAPHY OF Si(ll atomic properties of the interface. Since adhesion is promoted by
AND SILICON MOLECULAR BEAM EPITAXY. R. T. Tung, D. J. chemical bonding and atomic intermixing in the interfacial layer, the
Eaglesham and F. Schrey, AT&T Bell Labs., Murray Hill, N.J. absence of a stable germanium carbide compound surmises a poor ad-

Recently it was shown that high quality single crystal NiSi2 and CoSi2  hesion of a-C:H films on Ge. We have investigated the properties of
may be grown at room temperature on Si(Ill) by deposition of a few the interface with photoelectron spectroscopy, high resolution trans-maisio becto girrowop atd roon temperature tehnqn andI 11fondstonoa
monolayers of metal, followed by co-deposition of silicide. Because of mission electron microscopy and ton channelng technque and found

the famation of a metastable phatse and the existence of atomic
the absence of long range diffusion, imperfections on the original Si intermixing in the interfacial layer. The reactive nature of the
surface, such as steps, are preserved at the interface between silicide and a-C:H/Ge interface is consistent with the good adhesion of our
silicon. These defects may be imaged by TEM to display the topogra- a-C:H films on Ge surfaces. The metastable phase is amorphous and
phy of the original surface. Large areas (>100 pm2 ) of the surface may the interfacial roughness amounts to less than 201. The effect of
be examined at one time. The sense (up or down) of the steps may also substrate cleaning and deposition parameters on the interface proper-

be determined. In this paper, a comparison is made between Si(11) ties will also be discussed.

surfaces prepared by various techniques, including Shiraki oxidation, Si C6. 1
beam cleaning, etc. It is shown that the distribution of steps varies
significantly depending on wafer misorienution, impurity particles, etc. SEMICONDUCTOR INTERFACE ELECTRONIC STRUCTURE

INVESTIGATION BY BALLISTIC-ELECTRON-EMISSIONMultiple steps and step bands are observed on surfaces with larger NICROSCOPY.* L. D. Bell, M. H. Hecht, F. J.
misorientation angles (-2-6O). The initial stages of Si MBE is studied Grunthaner, and William J. Kaiser, Jet Propulsion
in detail. Nucleation of Si islands on flat terraces is shown to depend Laboratory, California Institute of Technology,
on thv -rrace width as well as the character of prevalent steps. Prelim- Pasadena, California.

inary result regarding the role played by 7x7 domain boundaries and Ballistic-Electron-Emission Microscopy (BEEM) is
impurities is also presented. With a high growth rate of - 1 k/sec, a three-terminal Scanning Tunneling Microscopy

technique which enables imaging of buried inter-
step-flow type growh is fid for > 700OC and two dimensional faces with nanometer spatial resolution. Local
nucleation and growth of Si islands on the turaces is found at < 6009C. BEEN spectroscopy of ballistic electron transport
A dijkuzssion of the growth mode as a function of temperature, deposi- through interfaces allows direct, spatially-
don rate, d sep density is given. resolved measurements of critical interface

properties including Schottky barrier height,
semiconductor heterostructure band offset, and

C5.4 interface band structure.

STRUCTURE AND COMPOSTION OF LIQUI) / SOLID Recent BEEM investigations of semiconductor
INTERFACES BY ION CHANNELING. M.M. Karmrkar, Ray heterostructure electronic properties will be
Twesten and K R Padmanabhan. Department of Physics and discussed. Au/AlAs/GaAs heterostructures have
Astronomy, Wayne State University, Detroit, MI 48202. been prepared by molecular-beam epitaxy (MBE) and

in-situ processing techniques. BEEN transport
Tbe liquid a solid interfce is an acove region in which the interaction spectroscopy results for these thin, NBE-grown
between the liquid and the solid can lead to vari is in the heterostructure tunnel barriers will be des-
composition across the interface and possible atomic rearragementin cribed. SEEM reveals a dramatic dependence of
the underlying substrate. In this paper the application of ion channeling the barrier transport spectra on layer thickness
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for monolayer thickness variation. Finally, to be imaged. Much of this layer initially exists as nearly adatom
results employing new BEEM capabilities enabled free Cl stabilized 7x7 domains, but further annealing converts it
by low-temperature operation will be presented, slowly to the more favorable bulk-like IxI structure. Structures

Research supported by ONR and SIO/IST. intermediate between the 7x7 and I xl are observed.

C7.1
C6.2
T.E.M. IMAGING OF AN OPERATING ST.M. STRAIN EFFECTS ATOMICALLY-RESOLVED SURFACE PHOTOVOLTAGE MEAS-

UREMENTS BY OPTICALLY-EXCITED SCANNING TUNNELING
OF S.T.M. J.C.H. Spence, Arizona State University, Tempe, MICROSCOPY. R.J. Hamers and K.M. Markert, IBM T.J. Watson
Arizona 85287-1504 Research Center, Yorktown Heights, N.Y.

An STM has been constructed which operates inside a TEM, during Tunneling microscopy and tunneling spectroscopy have conven-
reflection electron microscope (REM) imaging (1,2). REM and STM tionally been applied to study the equilibrium properties of sur-
images of the same region have been obtained. These show that, at faces. However, many of the most important electronic properties
a vacuum of about I0-7 Torr, reversible elastic strain sometimes at surfaces and interfaces are dynamic phenomena such as trap-
accompanies tunneling. A Pt tip was used on InP. Video recordings ping and recombination. When a surface or interface is Illumi-
have also been made during tunneling, and RHEED patterns are nate with visible light, the created electron-hole pairs will
obtainable from the region imaged. We find that the strain separate due to local band-bending, resulting in a photovoltage
decreases with increasing tuaneling bias (larger gap). The at the surface. The spatial dependence of the surface
possibility that these observations result from tunneling through an photovoltage (SPV) and its dependence on the Illumination in-
insulating adsorbate layer will be discussed. The implications of tensity can provide unique information about both the static and
these strains for spectroscopy and work function measurements will dynamic electronic properties of surfaces and interfaces.
be outlined.

We have used scanning tunneling microscopy, spectroscopy, and
1. M. Kuwabara, W. Lo and J.C.H. Spence. J.Vac. Sci. Tech. potentiometry to study the atomically-resolved surface

(1989) in press. photovoltage on both clean and chemically-modified silicon sur-
2. J.C.H. Spence. Ultramicros. 25, p. 165 (1988). faces. At low Illumination intensities, the SPV signals show a

logarithmic dependence on the incident power. At higher inten-
C6.3 sities the SPV effect saturates as the bands are flattened, thereby

allowing us to determine the absolute surface band-bending with
SLIDING PLANES MODEL FOR STM IMAGING. John D. atomic spatial resolution. Finally, at the highest intensities, par-
Todd and John B. Pethica, Department of Metallurgy tial inversion of the surface is sometimes observed. Large dif-
and Science of Materials, University of Oxford, UK. ferences are observed in the photovoltage response at defects

tnd nther surface irregularities. These differences can be di-
,'ectly related to spatial variations in the local surface recombi-

Scanning Tunnelling Microscope Images of layered nation rate and the local band-bending. Detailed measurements
materials in a non-uhv environment exhibit various allow us to distinguish between these two possibilities.
anomalous phenomena, including enhanced
corrugation heights, periodicity over large areas and a C7.2
marked absence of point defects. The recent images ofAu(llI) and Al(lll) also show some of these PHOTOREPLECT'ANCE STUDIES OP ADSORP'rON.TIDUCED
prpies and ave asodi show prsio f tesen o CHANGES IN SURFACE STATES ON OaAs(100), S. Sh,
Properties. We have modified a precision indentation K. c B.and E . Seebauer Department of Chemical
device to allow STM rastering of a tip across a surface, Engineering, University of linois, Urbana, IL 61801.
while simultaneously monitoring mechanical contact.
Images we have obtained from this apparatus on a Photoreflectance (PR) is a contactless optical technique that has
HOPG sample exhibit atomic scale resolution with traditionally been used for studies of the bulk electronic properties of

contact areas much larger than a single atom. semiconductors. Recent efforts in this laboratory have focused on
using PR for adsorption measurements. In PR. the change in surface

Contrast in the image results from periodic rectance induced by a low-intensity laer is measured as a function
of the wavelength of a tunabl light soure. At sufficiendly high

conductance fluctuations as the layers of the sample carrier concentrations (near 10" cie) spectral features, known as
,indergo shear in the region of the tip. We provide a Pranz-Keldysh oscillations, appear due to quantum effects. In
quantitative model for this process, which explains a particular, the period and decay of the oscillations varies in response
variety of curious, and otherwise unrelated to adsorption of Ga and As. on GaAs(100) that can be interpreted
phenomena occurring during STM imaging of these quantitatively in terms of small changes in Fenri level pinning and
materials, changes in recombination rate mediated by surface states. The

effects of surface recombination on the oscillations has been

C6.4 evaluated independenty through studies of ion banbardmmt Heavy
bombardment with 1 keV Ar ions docreaes surfce carrier lifetime

THE FORMATION OF Si(lf)lxl-CI, John .1. Boland and J.S. by about 20%. On semi-insulating samples, an optical interference
Villarrubia, IBM Research Division, Thomas J. Watson Research effect in PR may be exploited to obtain estimates of how quickly
Center, Yorktown Heights, NY 10598 cha in slow surface states equibrates with the bulk. Adsorption-

induced changes in this phenomenon due to Ga and As. ae
investigated as well.

Using scanning tunneling microscopy, we have studied the struc-
tural modifications induced by Cl upon reaction with Si(lI 1)7x7.
At low coverages reacted and unreacted sites are distinguishable in
both current-voltage curves and topographs. At saturation cover-
age annealing produces extensive mass transport in which most of
the adatom layer is stripped away and accumulated in pyramidal
Si structures, permitting the complete underlying Si rest atom layer
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C7.3 coverages as low as 0.7 monolayers, with an ordering temperature of
THE FIRST MONOLAYERS OF Sb ON III-V-SEMICONDUC-
TORS STUDI ED BY LIGHT SCATTERING. M ichae I Hurer- approximately -30 C. The sixth order diffraction arises due to the formation
mann, Jean Geurts, 1.Phys.Inst. RWTH Aachen, FR of 24 A adatom chains along the (I TO)direction, the short direction in the
Germany and Waolffgang Richter, Inst. Festkorper- gallium arsenide surface unit cell. Adatom induced substrate reconstruction,
physik, TU Berlin, FR Germany

which is indicated by a loss of the (10) diffraction beam intensity, and spot
Sb has been deposited under UHV conditions on profile narrowing upon annealing have been observed. Preliminary analysis
cleaved (tlO) faces of GaAs, InP and GaP. Inela-
stic (Raman) and elastic light scattering was of the spot profile data suggests that the dominant ordering mechanism is
used to monitor the structural and morphological provided by an attractive, interchain interaction directed perpendicular to the
properties of the Sb overlayers. A sharp peak is
observe in the Raman spectra at frequencies chain axis. Advanced theoretical analysis using time dependent Monte
163 cm (GaAs), 167 cm - 1 (GaP) and 185 cm Carlo simulations is currently underway to examine and to quantify the
(InP) already at submonolayer coverage. Its
intensity turns out to be strongly pol arisation kinetics of overlayer formation and the development of ordered structure.
dependent. From the attenuation of this peak
with increasing Sb coverage, the dependence on C7.6
deposition tempera ture, the variation with
substrate and the correlation with growth IDEALLY HYDROGEN TERMINATED Si(SL : ) SURFACES
morphology (deduced from elastic light scatter- PREPARED USING HF ACID SOLUTIONS: PRODUCTION OF
ing) this peak must be due to vibrations of Sb PERFECT CRYSTAL TERRACES? G. S. Higashi, Y. J. Chabal, G.
atoms at the III-V/Sb interface. The sharpness W. Trucks and Krishnan Raghavachai, AT&T Bell Laboratories,
of this peak suggests an ordered arrangement of Murray Hill, NJ 07974
Sb atoms at the III-V interfaces as has been re-
ported for Sb on GaAs in the literature. The Infrared absorption spectroscopy has been used to characterize the
appearance of such peaks on InP and GaP covered silicon hydrogen stretching vibrations due to H-termination of Si
with Sb also suggests an ordered growth of the surfaces produced by HF acid etching. Normal HF acid etching
first Sb monolayer for these systems. However, (aqueous HF solutions of varying concentrations) results in surfaces
the structural arrangement of this first Sb which are atomically rough, exhibiting vibrational modes characteristic
!aver seems to be not the same for the three se- of mono-, di-, and tn-hydride Si termination. In contrast, pH modiied

ricondictors studied.
For larger coverages up to approximately 15 HIF solutions (pH = 9-10) produce ideally terminated Si(lll) surfaces
monolayers amorphous Sb is observed for a 1 with silicon monohydride (;-Si-H) oriented normal to the surface. The
three systems in the Raman spectra, which cry- surface is found to be homogeneous with low defect density (< 0.5%)
stal lizes from thereon to rombohedral Sb, as has and extraordinarily narrow SiH vibrational linewidth (0.95 cm-1).
been reported previously. These surfaces are very stable; rinsing in H 2 0, HCI, or NHAOH for

brief periods has little effect on the vibrations observed.
The implication of this finding is that the surfaces are extremely flat and

3TRUCTURAL AND ELECTRONIC CHARACTERIZATION OF have a high degree of crystalline perfection. The high degree of

' ETAL-ON-METAL INTERFACES . chemical and topological control of this interface suggest that this
Z. Vidali, P. Dowben, and C.W. Hutchings, Syracuse surface preparation technique may be useful for metal-oxide-
.niversity, Physics Dept., Syracuse, N.Y. 13244-1130. ,emiconductor device applications.

We used Atomic Beam Scattering (ABS) and ARUPS to study
:he adsorption of Hg on Cu(100) at submonolayer CB.1
:overagies. ABS has been used to obtain structural MOLECULAR DYNAMICS STUDIES OF INTERFACE
information as well as to determine isosteric heats of FORMATION DURING THIN FILM GROWTH. George H. Gilmer
acsorption at various coverages. Over a wide range of and Marcia H. Grabow, AT&T Bell Laboratores, Murray Hill, NJ
-emoeratures (from room temperature to 150K) we find that
rig forms a c(2x2) and a high density c(4x4) phase on 07974, and Aloysius F. Bakker, Applied Physics Department, Delft
Su(100). The isosteric heat changes by 0.6 eV from a low Technical University, 2600 G A Delft, The Netherlands.
disoroered to a c(4x4) high density phase. The energetics
and structural determinations are related to charges in We have simulated the deposition of semiconductor thin films onto a
tne electronic structures determined by angle resolved variety of different substrates. Molecular dynamics techniques give
:notoemission. information on the atomic-scale structures at all stages during the

• growth of the films, and some of these sequences will be illustrated in
Sponsored by NS" Grant #DMR-8802512, DMR-8820729 a videotape of the model. Simulations of large atomic systems over

extended periods of time were made possible by the use of a special-
C7.5 purpose computer ATOMS which we constructed. The shared-

Kinetics of Bismuth Overlayer Formation on GaAs(l 10) Studied Using memory architecture of ATOMS permits efficient use of parallel

Low Energy Electron Diffraction and Time Dependent Monte Carlo processing with a limited number of processor boards. We now have
two machines operating, each of which runs our molecular dynamics

Simulation, 9- L.. Chang. T. Guo, W. K. Ford, A. Bowler, and E. S. code faster than the in-house supercomputer. These simulations reveal

Hood, Advanced Materials Center, Department of Physics, and the some of the atomistic mechanisms of crystal growth, impurity

Department of Chemistry, Montana Stat University. Bozeman, Montana incorporation, defect generation and strain relaxation. Special
Low energy electron diffraction spot profile analysis has emphasis is given to the effects of misfit between substrate and film,
Lbween egy elecof difrao got r bis h the strength of the bonds between the film atoms and the substrate,

been used to investigate the kinetics of overlayer growth for bismuth on and dislocations and monatomic steps at the substrate surface. The

GaAs(l 10). Electron diffraction from films deposited at low temperature stability of uniform films against islanding is also considered, and the

was analyzed over the temperature range -100 C to 200 C. Adatom influence of the deposition conditions on surface uniformity is

coverages of 0.4, 0.7, 1.0 and 1.5 monolayers have been studied. The examined.

experimental results indicate that sixth order spots begin to form at
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C8.2 morphology, as observed by STM, enables a kinetic mod' a o this

A M1.LECILA DYNAKICS STUDY OF V,'MR-Pt ITERFACE. phenomena to be proposed. Our study highlights the sensitivity of the
K. Foster, K. Raghavan and M. ,erDeptz, l:artment of solid-vacuum interface to the imposition of non-equilibrium
Chemistry. Univexsity of North Carolina, Chapel Hill, NC. constraintsby the incidentSi flux. We extend this analysis tobi-vianal

An analytical form of the interaction potential for surfaces, in which the surface has been misorientated in two
studies of rigid surface-rigid water interface is perpendicular directions.
prescribed. Using this potential the strucitre and
dyna aics of water lamina between the Pt(lO0) surfaces is C8. 5
investigated. The surface strongly influences the
properties of two layers of water. The adjacent to the A NEW DEFECT ON THE RECONSTRUCTED Si(100) SURFACE; An
metal surface water layer has a crystal-like structure in AB INITIO MOLECULAR-DYNAMICS STUDY. Sicleo hara and
two-dimensions parallel to the surface. Most of the Shi Lun Ho, Central Research Laboratory, Hitachi Ltd.,
molecules in this layer remain at the energetically Kokubunji, Tokyo, Japan; Tsuyoshi Uda and Masahiko Hirao,
favorable on-top sites over the duration of the Advanced Research Laboratory, Hitachi Ltd., Kokubunji, Tokyo,
simulation. The second layer is not crystal-like, Japan;
although the remants of the order imposed by the surfaoe
are clearly seen. Sane of the molecutles in the second The modified method of Car and Parrinello [1] has been used
layer are l:,'ated above the water molecules of the first to perform molecular-dynamics of Si(100) surface. In our
adsorption layer. Beyond the second layer water displays method, the first order equation of motion is used for the
bulk-like character. ectronic wave functions in contrast to the second order one in

the original dynamical simulated annealing.
C8. 3 With this method the 2X1 reconstructed Si(100) surface is
NON-EQUILIBRIUM MOLECULAR DYNAMICS SIMULATION OF studied. We found a new type of defect on the surface; atoms
THE RAPID SOLIDIFICATION OF METALS. Cliff F. Richardson which form the dimer are recessed from the surface, and are
and Paulette Clancy. School of Chemical Engineering, Cornell located at the interstitial sites. This recessed or interstitial
University, Ithaca, NY 14853. dimer and the adjacent on-surface dimer are both symmetric.

The energy difference per dimer between the recessed and the
A recently developed non-equilibrium Molecular Dynamics computer usual on-surface asymmetric dimer is less than 0.1 eV. Finite
simulation method 1 is used to study the rapid melting and temperature simulations indicate that these interstitial dimers
resolidification of metals including copper, gold and aluminum. The are stable.
interatomic forces between metal atoms are modeled with the density The relationship of these new dimers to the missing dimers
functional theory-derived Embedded Atom Method (EAM)2 . Two observed by STM 12] and the vacancy model proposed by
methods are used to parameterize the embedding function and pair Pandey[3] is discussed.
potentials for the EAM: one is due to Foiles3 for liquid transition
metals, the other was developed by Oh and Johnson4 for fcc and hcp R
metals. The results from the two models are compared to establish the 12J R. Car and M. Parrinello, Phys. Rev. Lett. 55. 2471 (1985)
importance of the hardness of the potential function. They are also [5J R.8. Hamers, R . Tromp, and J.E. Demuth, Phys. Rev. 834.
compared to results for the simpler Lennard-Jones (U) model for the 5343 (1985)
interatomic forces to determine the effect of the many-body forces which []K.C. Pandey. in Procof the 17th Inter. Conf. on the Physics
are present in EAM, but absent in U. A detailed description of the (Springer-Verlag, New York 1985), p.55
solid/liquid interface morphology will be made together with the
calculation of the interface temperature and velocity to establish the rapid
interface kinetics and their effect on the post-processed product. C9.1
Comparison will be made with recent experimental results due to ELECTRONIC AND ATOMIC STRUCTURES OF SILICIDE/Si
MacDonald et al5 for the picosecond laser meing of copper and go CONTACT SYSTEMS STUDIED BY SXS. H.Watabe. Matsu-

shita Electric Industrial Co., Ltd., Osaka 540,
I. D.K. Chokappa, S.J. Cook and P. Clancy, Phys. Rev. B., 4Q, Japan, M.Iwami, M.Hirai, M.Kusaka. Research Labo-

May 15(1989). ratory for -S-urface Science, Faculty of Science.
2. M.S. DawandM.I. Baskes, Phys. Rev. B., 22, 6443 (1984). Okayama University, Okayama 700 Japan and
3. S.M. Foiles, Phys. Rev. B.,32, 3409 (1985). H.Nakamura, Osaka Electro-Communication Universi-
4. D.J. Oh and R.A. Johnson, J. Mater. Res., 1471 (1988). ty, Neyagawa, Osaka 572, Japan,
5. C. MacDonald. A.M. Malvez.i and F. Spaepen, J. Appl. Phys., 65,

129(1989). It has been clarified by some of the authors and
others that Si-Lf . valence band soft x-ray emis-

C8.4 sion spectra(SXS 'show a clear difference between
several Si-compounds and a Si crystal[l]. An

PROPAGATIONANDSTABILITYOFMONATOMICSTEPSON interesting point of our new application of SXS
THESI(OO1)SURFACEDURINGMOLECULAR-BEAMEPITAXY. method to a hetero-interface system Is that it is
S. Clar M.R. Wilby, D.D. Vvedensky, The Blackett Laboratory able to clarify either electronic or atomic stru-
and Semiconductor Materials IRC, Imperial College, London SW7 cture of solid surfaces and interfaces non-des-

2BZ, United Kingdom. tructively(l ].

Several sillicides/Si contact systems are studied
by the SXS, XPS(x-ray photoelectron spectroscopy)

The 2xl dimer reconstruction of the Si(OOI) surface leads to the and several other methods. St-L 2 1 SXS spectra
creation of two types of monatomic steps, those with dimers of several silicides are composed o'f-mainly three

parts including a peak at photon energy of 100
orientated normal to the step-edge (S) and parallel (S.). We present a eV, i.e., near EF. Since the soft x ray emission
MonteCarlosimulationofmolecularbeamepitaxyonvicinalSi(00l) is induced by an electron transition from a
surfaces comprising an ordered array of rno, atomic steps. valence band to a Si(Zp) core hole. the SXS
Comparison of simulated 2x1 domain coverage with half-order spectra are expected to reflect the valence band
features in RHEED aliows us to follow the propagation of steps at the 0OS(density of state) with an s- and d-symmetry

so fluxes, due to a selection rule. Also, a d-like DOS ofsurface. We observe preferental growth atS% stefor hi , transition metals is expected to be near EF. This
however for low fluxes this situation is reversd and growth is indicates the d-like DOS near EF is not due to a
localizedat %A steps. Detailed reproduction of the surface
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nonbonding d-state but due to a bond formation parameters thickness and composition must be cal-
between a transition metal and a SI atom. Inter- culated through a mathematical model. Linear
face structures will be discussed on this base. regression analysis is used to minimize the dif-
[1] M.Iwami. at al.. Surf. Sci. 199 (1988) 467. ferences between the measured spectrum and the

calculated model. The error parameter term, I
C9.2 is used as an indication of the quality of the

fit. If necessary, an interlayer can be intro-
COMPACT AND HIGH-RESOLUTION ION BACKSCATTERING duced into the modal to enhance the fit. Its
ANALYSIS SYSTEM, CHIRIBAS thickness can be measured with a sensitivity bet-
Y.Kido, I.Konomi, A.Kawano, and J.Kawamoto ter than 2 Angstroms. Examples will be given.
Toyota Central R & D Laboratories, Inc.,
Nagakute-cho, Aichi-gun, Aichi-ken, 480-11, Japan C9.5

The design and performance of CHIRIBAS(Compact and ADSORPTION AND TRIBOCHEMICAL REACTIONS. W. M. Mullins,
High-Resolution Ion Backscattering Analysis Sys- Purdue University, West Lafayette. IN; and T. E. Fischer,
tern) are presented. The system consists of a 50 Stevens Institute of Technology, Hoboken, NJ.
kV duoplasmatron and energy analyzers connected
to a personal computer. The 5-50 keV HO, He0 , and A model for chemisorption based on the Lewis theory is
He+ beams are backscattered to 180 and their en- proposed and developed. The model reproduces the observed
ergies are analyzed by a time-of-flight technique relationship between aqueous solubility and band gap for
or with an electrostatic deflector combined with covalent oxides. A relationship is shown between the
a position sensitive micro-channel plate. The calculated free-energy of the surface reactions and the
probing depth and depth resolution are estimated observed effect of water on the wear of these materials.
to be up to 50 and 0.5 nm, respectively. The This relationship is explained in terms of surface
computer-simulated spectrum analysis allows rapid reaction rate and equilibrium. Similar calculations for
and accurate determination of surface and inter- the adsorption of -COOH and -CH2 - functional groups are
face structures such as lattice disorder and mor- presented. The results a.:e compared to water adsorption
phology. CHIRIBAS also allows the measurement of calculations and related to experimental wear test results
excited state populations using Stark ionization for model fluids on covalent oxides. The effect of water
for the 5-10 keV H' neutralized at the exit sur- on lubricant adsorption is discussed.
face. This technique provides the possibility to
determine the energy and spatial distributions of
the valence electrons extending outward from the C9.6
top surface. The present study includes the dis- DIRECT REAL SPACE IDENTIFICATION OF THE PRO-
cussion on the physical basis of ion-solid inter- DUCTS OF A SURFACE CHEMICAL REACTION USING
actioAs and the preliminary data on surface struc- SCANNING TUNNELING MICROSCOPY. John J. Boland and
tures obtained by CHIRIBAS. I.S. Villarrubla, IBM Research Division, Thomas J. Watson Re-

search Center. Yorktown Heights, NY 10598
C9.3

TEMPERATURE DEPENDENT CURRENT-VOLTAGE CHARAC-
TERISTICS IN THIN SiO, FILMS. Jin Zhao and N.M. Ravindn. Mi- In this talk we show that it is possible to distinguish between the
croelecuonics Center. NeV Jersey Institute of Technology, Newark. various products from the reaction of CI with the adatom layer of
New Jersey 07102. the Si(ll)-Tx7 surface. Initially the Cl reacts with the adatom

dangling bond state but at higher coverages it inserts itself in the
Si-Si bonds between the adatom and rest atoms layers. As a result

An analysis of the Fowler-Nordheim theory and its applicaion to teo- there are three possible products reflecting adatoms which have re-
perare tevendent current- votage characteristics, of very thin films of acted with one, two or three Cl atoms. These products, which cor-
SiO., on silicon, is presented. The final results are believed to provide respond to three different Si adatom oxidation states, arethe "nost complete examinanion of F:owler-Nordheim-emission theory rsodt hc ifrn iaao xdto tts r
and predict the breakdown olecmc field in very thin (2.5-20 nm$iO characterized by different registries with respect to the underlyingandpreictthebrekdon eectic iel inver thn (.5-0 n) SOrest atom layer and appear in STM images as adatoms of different
films. The role of the roughness. at the Si-SiO, interface, in deterinuntires. Tornd apeas different
the Fowler-Nordheum current in these structure' is also discussed. - sizes. The origin of these differences is discussed.

C9.4 C9.7
SPECTROSCOPIC ELLIPSOMETRY AS A NON-DESTRUCTIVE DISCRIMINATION OF ATOMS ON THE SURFACE OF A TWO
TECHNIQUE FOR CHARACTERIZATION OF ATOMIC-SCALE IN- DIMENSIONAL SOLID SOLUTION WITH SCANNING
TERFACES IN MULTI-LAYER STACKS. J L Stehle, Jj TUNNELING MICROSCOPY. B. A. Parkinson, E. I. DuPont de
Lacat, J P Piel, SOPRA, 26/68 rue Pierre Joig- Nemours & Co., Central Research and Development Department,
neaux, 92270 Bois-Colombes, FRANCE. L C Hammond, P. 0. Box 80328, Wilmington, DE 19880-0328
ARIES/QEI, Concord MA 01742, USA.

Analysis of oxide interfaces with semiconductor Atomic resolution STM images of WS2, WSe2 and the solid
substrates, such as crystalline silicon, gallium solution WSeS were obtained in air. The statistical distrubution
arsenide or indium phosphide is critical in of the peak tunneling currents at each atom location was much
processing and electrical performance. For larger for the solid solution than for the pure phases. A clearly
various layer growth processes, interfaces can be separated bimodal distribribution was not observed for WSeS
characterized by spectroscopic ellipsometry (SE). and so surface ocuppancies could not be unambiguously

assigned. A model relating the magnitude of the tunnelingThe wide spctral range (1.3 to a.3 eV) of BE al- current of a given atom to Its identity and nearest neighborlmws an optical penetration depth of lOh to a few environment was then developed. Computer simulated imagesrange of crystallinity peaks of silion, gert- using this model were compared with the real images. Using the
manium, gallium arsenide and indium phosphide. model sulfur and selenium positions for the imaged surface could

then be deduced for >90% of the surface atoms. The occupancy
A ultilayer stack can be characterized in terms appeared to be random as was expected for a solid solution.
of its layer thicknesses and mixture compositions. Speculative applications for the ability to discriminate surface
As 5E is a non-destructive technique, the physical atoms are discussed.
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C9.8 (100) GaAs surfaces. The propensity towards a particular
A Raman Scattering Study of Interface Roughness in Small orientation, (100) or ( 10) CoGa, is investigated as a function of theAPRam terin d yfInterac ess irelative Co and Ga incident flux (i.e. the film stoichiomctry), totalPeriod GaAs/AlAs Suverlattices deposition rate, and the surface temperature. The effects of

predepositing one to several monolayers of Co or Ga on the cleanD. Gammon, B. V. Shanabrook and W. Tseng GaAs surface prior to film growth is also studied in detail. The
Naval Research Lab, Washington DC 20375 primary diagnostic techniques utilized in these experiments are

Auger electron spectroscopy (AES), transmission electron microscopy
(TEM), two theta x-ray diffractometry (XRD) and x-ray photoelectron

Raman scattering (RS) has been used extensively to spectroscopy (XPS). In addition, a quadrupole mass spectrometer
study the vibrational modes of (GaAs)n(AlAs)m superlattices. (QMS) and a quartz crystal monitor (QCM) are used for precise on-Specifically, the energies of the confined opticiJ phonons pro- line calibration of the relative and total beam flux.vide information about the interfacial roughness and the
energies and intensities of the folded acoustic phonons provide Preliminary results indicate a strong depedence of the observedinformation about the frio dd interfacial roughness o tie orientation specificity on the film stoichiometry and on interfacesu=eration. Becaus e ener ies of these modes are sensitive re which appear to be controlled by the surface temperature.
tteTh. lattice parameter of CoG (cubic CsC structure) varies over ato the structural parameters of the superlattice, RS has consider- rather wide range with the relative concentration of Co/Ga and is
able potential as a characterization technique. This is especially therefore expected to affect the dynamics leading to production of
true for very small periods where luminescence and absorption preferred orientations. TEM results have shown that in some
spectra are difficult to interpret, and for small or thin structures circumstances interface reactions can also play an important role in
where x-ray diffraction is less useful. this process. All aspects of the interface chemistry and physics and

In is aper we review the properties of superlattie how they affect the orientation specificity will be discussed.
phonons which are useful for the characterization of super-
attices, and we present the results of a study of interfacial C9.11
sharpness in a series of samples grown by novel MBE techni-
ques. A comparison of the advantages and disadvantages of RS OBSERVATION OF HETROEPITAXIALLY GROWN ORGANIC

relative to those of x-ray diffraction will be given. ULTRATHIN LAYERS ON INORGANIC SUBSTRATES BY IN
SITU RREED AND UHV STM. Masahiko HARA, Hiroyuki
SASABE, Akira YAMADA and Anthony F. GARITO, Fron-Adetailed discussion of the x-ray results will alsobe given at tier Research Program, The Institute of Physical

the conference. and Chemical Research (RIKEN Institute), Wako,

C9.9 
Saitama 351-01, JAPAN.

Heteroepitaxial growth of organic ultrathin layers
Bismuth/lnSb(l0l) Interface Studied Using Low-Energy Electron on inorganic substrates was carried out in a newly

Diffran - T. Guo and W. K. Ford, Advanced Materials Center and developed organic molecular beam epitaxy 0 (OMBE)
system under a base pressure of ca. 2x10

-
10 torr.

the Department of Physics, Montana State Universirv. Bozeman. Montana The positional and orientational order of the

organic layers was determined during actual layer
growth by in situ reflection high-energy electron
diffraction-(RHEED) from less than a monolayer.

Metals are not generally known to form ordered overlayers on the (1]O) The two-dimensional diffraction pattern is stored
in a microcomputer through a CCD camera for inten-surface of 11I-V semiconductors, largely because of the stability introduced sity analysis. The OMBE system has also a portable

by the charge redistribution that drives the reconstruction of the clean vacuum chamber so that the OMBE films can be
transferred directly into a separate ultrahigh

surface. Two semimetals, antimony and bismuth, are known counter vacuum scanning tunneling microscope (UHV STM)
examples. We report on a new interface system Bi/lnSb(1l0), studied system.

using quantitative low energy electron diffraction. LEED diffraction The RHEED pattern revealed that molecularly flat

int, isity analysis has been performed on cleaved samples with various metallophthalocyanine (MPc) ultrathin layers have
been grown heteroepitaxially on a cleaved surfacecoverages of bismuth overlayer deposited at room temperature. Our oC , transition metal dichalcogenide (MX2 ) sub-

measured LEED intensity profiles show that, unlike the GaAs(l 10) case, strate. The MPc layer has its own lattice con-
stant, which is completely different from that of

there is no long-range order in the bismuth overlayers for as-deposited MX even at the initial deposition stage. This
samples on lnSb(ll0). However, following annealing, bismuth forms inlicates that very large lattice mismatched

structures can be obtained by this OMBE technique.
orderedovrlayerswitha(Ix3)phaseforonemonolayerofbismuthanda Further in situ RHEED and UHV STM measurements are
(lx2) phase for two monolayers of bismuth. Furthermore, for either as- now in progress and an extended discussion will be

deposited or annealed samples, there is evidence that the InSb(1 10) clean reported in the symposium.

surface reconstruction is not removed by the bismuth overlayers. Detailed C9.12
experimental procedures and results, as well as a possible growth A NOVEL COMPUTATIONAL METHOD FOR EPITAXMAL

mechanism will be presented and discussed and compared to the bismuth ENERGY ON AN INCOMMENSURATE AND/OR
on GaAs(110) system. COMMENSURATE INTERFACE. Sn Mhk andIvan K. Schuller, Physics Depunerent, B-019. University of

California. San Diego, La Jola, CA. 92093
C9.l0

U NDERN., %ND1NG THE INFLUENCE OF INTERFACE PROPERTIES AND A nw *mappmg echnique" i intoduced which allows the
DPOSITION PARAMETERS ON THE SELECTIVE GROWTH OF tIOI) AND study of eptlaxy on systems whih we eommenmsurate, axial
(I 10) Coria FILMS ON (I(XI)GaAs. Young K. Kim. Delrov A. Baucl, and commensulmeorinensat Thismefhdappledto
R. Stanley Williams. Department of Chemistry and Biochemistry, thefee(llIIbec(ll0) ysm pnwdictsaewepiaxial
University of California. Los Angeles, CA 9(X)24. frinltatJU in VW ageemmet with a recat vemeas a

well a the wll-mown KS and NW ciemmaso. An

The codeposition of elemental Co and Ga by molecular beam epitaxy iaial orimamdl n hift " fsmctioof lsmd mamd
is used to selectively prepare (100) and (110) oriented CoGa films on aymiumtrpuuaeisala prediled. fl u a min

po p t with aunerial mod ealeuiaioas. The swd,
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of momic force microscopy (and staning unimling microscopy) C9. 15
uing this chnique and moecur dynancs simulaon will A CYCLIC-CLUSTER MINDO/3 COMPUTATION OF THE RE-
also be dascused. LAXED EQUILIBRIUM STRUCTURE AND VIBRTATIONS OF
W ppoed by the N l Sciee Foda THE HYDROGENATED SILICON (I II) SURFACE. Peter DeAk,
Gmt # DMR 97-01921. Physical Institute of the Technical University of Budapest,

Hungary1521; Lawrence C. Snyder, Chemistry Depart-
C9.13 ment, and Carlos 0. Rodrigues, Physics Department, State
FULL POTENTIAL, LMTO CALCULATION OF TiC University of New York at Albany, 1400 Washington Av-
FRACTURE D.L. Price and B.R. Cooper, Dept. of Physics, West enue, Albany NY 12222.
Virginia University, Morgantown, WV 26506"

Fracture properties of structural materials such as the transition- We have employed a slab shaped cyclic-cluster contain-

metal carbides, and factors controlling such fracture, are of great in- ing 54 silicon atoms (surface unit cell is 3x3, width is 6

terest. In the rocksalt carbides, the cleavage plane is the (001) plane, layers) covered by hydrogen atoms on both sides. We

a result which is at first appearance surprising since (001) cleavage used the Modified Intermediate Neglect of Differential

separates the largest number of covalent bonds per unit area. Here Overlap (MINDO/3) method to compute the relaxed equi-

we report on an electronic structure calculation of the cleavage be- librium structure. The resulting surface electronic struc-

havior of stoichiometric titanium-carbide along a (001) plane. This is ture and vibrational modes are discussed.

accomplished by use of a repeated slab supercell calculation, in which
the separation between slabs is varied to allow simulation of the cleav-
age process. At the the largest separations we then have a repeated STRUCTURAL AND ELECTRONIC PROPERTIES
slab calculation of the Ti-C/vacuum surface. As the surface sepa- OF SEMICONDUCTOR- METAL AND SEMICONDUCTOR-
ration is varied, we examine both the cleavage energy and cleavage INSULATOR INTERFACES AT MONOLAYER COVERAGE.
forces and relate these properties to the behavior of the Ti d - C p Stefano Ossicini, C.Arcangeli and O.Bisi, Dipartimento di Fisica,
covalent bonds at the surface. Universiti di Modena, 41100 Modena, Italy.
The methodology is based on performing full-potential linear combi-
nation of muffin-tin orbitals calculations of total energy for TiC in a A theoretical study of the processes involved in the formation
superlattice arrangement. Our LMTO implementation includes a true
interstitial region. Besides incorporating a full potential, we provide of epitaxial interfaces between Si and metals/insulators has been

for increased variational freedom in the basis set compared to standard performed by the LMTO-ASA method, in a version suited to deal
LMTO practice, giving the ability to deal accurately with both bulk with solid- vacuum interfaces [1]. The investigated systems in-
and surface atomic arrangements and the transition between these. clude the interface formed by 1 monolayer of Na or Ca on Si(111)

and the adsorption of F on the Ca-Si(111) interface. The F-Ca-

*Supported by AFOSR Grant AFOSR-87-0251. Si(111) system is formed at the initial stages of the CaF2 -Si(11l)
interface formation.

C9.14 The dispersion and the features of the metal induced interface

COMPARISON OF SURFACE ATOMIC GEOMETRIES OF TETRAHEDRALLY states at different adsorption geometries have been studied and the
COORDINATED COMPOUND SEMICONDUCTORS WITH THOSE OF RUTILE effect of F interaction has been calculated. Our results provide an
STRUCTURE OXIDES, Charles B. Duke, and Michael R.
Thompson, Pacific Northwest Laboratory, Richiand, WA. explanation for the existing experimental data of Na-Si(Il1), Ca-

Si(111) and CaF 2-Si(111) interfaces. The comparison with theThe cleavage surfaces of tetrahedrally-coordinated cluaino h orsodn ukcmonspit u h

compound semiconductors are known to undergo extensive calculation of the corresponding bulk compounds points out the

relaxations. These occur because of the possibility features due to the interface.
bond-length-conserving top-layer rotations associated
with the existence of only three bonds for each surface
atom in the truncated bulk structure. In rutile structure [I] 6.0s)i;ci~i ait O.Flisi, Surf. 3ci. 211/212, 572, 198g
oxides (e.g., SnO GeO , PbO TiO ) however, the (110)
and (100) the cleavage 3urfacs do got admit such bond- C9.17
length-conserving relaxations. A series of tight-binding
total-energy models which described quantitatively surface UALCULATIONS FOR MERCURY ADSORPTION ON COPPER.*
relaxations on tetrahedrally-coordinated ZnO has been M. Karimi, Utica College, Physics Dept., Utica, N.Y. and
extended to encompass rutile structure oxides. G. Vidali, Syracuse University, Physics Department,
Calculations indicate that the (110) and (100) surfaces Syracuse. N.Y.
are not predicted to relax. Detailed analysis reveals
that the absence of bond-length-conserving relaxations We have calculated the interaction between an Hg atom and
which yield more stable distorted local coordination is a Cu(100) surface. We also calculated the interaction
the reason for this behavior. This finding suggests potential for He on a Hg-plated Cu surface. Using recent
fundamentally greater surface stability for rutile oxides Helium beam scattering data (1), we are able to obtain
relative to, e.g. wurtzite structure Zn0. structural and dynamical information on a Hg layer on

Cu(100). Preliminary computer simulations will also be
(1) C.B. Duke and Y.R. Wang, J. Vac. Scd. Technol. 8 6, presented.

1440 (1988). 1) G. Vidali, C.W. Hutchings, C. Moses, in preparation.
* Sponsored by NSF Grant #8802512 and Sloan Foundation

Operated by Battelle Memorial Institute for the US (G.V.)
Department of Energy under Contract DE-ACO6-76RLO-1830.
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C9. 18 large angle grain boundaries in zinc, using a Read-Shockley approach.
DOUBLE CRYSTAL X-RAY DIFFRACTION MEASUREMENT OF A For a fixed grain boundary plane, energy surfaces are constructed as a
TRICLINICLY DISTORTED AND TILTED AlGat.,As UNIT CELL function of temperature and misorientation. All possible dislocation
PRODUCED BY GROWTH ON OFFCUT GaAs SUBSTRATES. structures within a CCSL cluster are compared with each other,eventually leading to a phase diagram for the grain boundary, inA. Leibench and 1. Levkoff, AT&T Bell Laboratories, Engineering misorientation-temperature space. We demonstrate that for certain
Research Center, Princeton, NJ. :is this approach should be entirely sufficient, because the grain

boundary "core energy" is invariant so the only effect is that of theImportant corrections are required for double crystal X-ray diffraction elastic energy of the dislocation array.
characterization of epitaxial Al.Gal.As layers grown on offcut GaAs
substrates. These corrections can have technological impact for thin film We present experimental evidence for an allotropic phase
fabrication where precise and reproducible process control is required. transformation of a grain boundary at reduced temperature,
Double crystal X-ray diffraction measurements of epitaxial AI1Gal_,As corresponding to our theoretical predictions.
grown on offcut (100) GaAs substrates are interpreted in terms of a triclinic
distortion of the film unit cell with concurrent unit cell tilt. The results Acknowledgement: This work is supported by the National Science Foundation
indicate that cell distortions and tilt angles oppose each other, but remain under grant number DMR--8901994.
approximately colinear with the direction of the offcut angle alignment.
Application of conventional formalism to this unit cell geometry can result C9. 21
in significant errors for the measurement of the film's stoichiometry and can STRUCTURE OF PURE TILT AND TWIST BOUNDARIES -
lead to wrong assumptions about the epitaxial film's commensuracy. A
formalism is presented providing the correct crystallographic parameters and GENERALIZATION AND COMMENTS ON THE

film stoichiometry. The results of this analysis provide a fundamental STRUCTURAL UNIT MODEL. M.Khantha and V.Vitek,
description of the epitaxial fim/substrame crystal geometry valid for cubic Department of Materials Science and Engineering,
semiconductorheteroepitaxyonoffcutsubstrates. University of Pennsylvania, Philadelphia, PA 19104-

6272.
C9 .19 A systematic study of the structure of pure tilt boundaries
A MMUWSM FOR soursT SEGEATION TO GRAIN BOLMRIRSt with tilt axis 1112] is carried out in a fcc, bcc and simple cubic
CHU 'ouy and Z-ANG Sanhong, The Nonferrous etals Society crystal structure. A simple way of obtaining the delimiting angles
of China, 9 Xiz.hang cutong, X)zhiffennei Dajie, Beijing in a structural unit model (SUM) is presented and the results are
100814, China compared with those of computer simulation.
Boron is one of typical surface active solutes. Recently
it has been found that there exist equilibrium and non- A systematic study of the structure of twist boundaries is
equilibrium segregations of boron at austenite grain also carried out for a fcc crystal structure. The clusters of
boundaries after quenching from a high temperature, which polyhedra that characterize a certain period vector are similar in
would give strong effect on the structures of the grain both pure tilt and twist boundaries. This observation helps to
boundaries and properties of the materials. identify the structure of filler units that are necessary in addition

to delimiting boundary units in twist boundaries. A possible way
Based on the consideration of local equilibrium among of extending the SUM to other crystal structures is outlined.
vacancies, solute atoms and vacancy-solute atom ccmplexes,
a mechanism for solute segregation to grain boundaries
has been suggested for a alloy system with binding energy C9.2;
of the complex b V- kT. By using Fick's Second Law HIGH-RESOLUTION ELECTRON MICROSCOPY OF OLIVINE-
rass ConservationT Law, a set of dynamic equaticns for MAGNETITE INTERFACES. Stuart McKernan, C. Barry Carter,
grain boundary segregation has been derived, iAtiich can Daniel Ricoult*, and A. G. Cullis*; Department of Materials Science and
generally describe the dynamc process both nclucding Engineering, Cornell University, Ithaca, NY 14853.*Coming-Europe,
equilibrium and nonequilibrixn segregation, if the equ.li- 7bis Avenue de Valvins, AVON, F77210, France, **RSRE St. Andrews
brium segregation is involved in the boundary condition. Rd. Worcs. WRI4 3PS

Putt rig reasonable parameters for boron in a -Fe and The oxidation of iron-rich olivine to produce magnetite is a model system
1,, _ L-he equations by compater, the boron segregation for the study of phase transitions involving mass transport. The two

at austenite grain boundaries has been caculated as furx- structures (olivine and spinel) can be grown in orientations such that the
tions of isotheral holding time, cooling rate and quen- planar spacing for certain planes is nearly the same in both phases. The
chang temperature, which agree well with the corresponding oxygen sublattice of the two systems is continuous across the phase
experirmental results. boundary, although some slight displacement of the atoms occurs in the

transformation from one phase to the other. The cation sublattice of both
C9.20 structures contains many structural vacancies which facilitates the

movement of cations to the transformation front. The transformation from
PHASE DIAGRAMS AND PHASE TRANSFORMATIONS FOR olivine to magnetite proceeds by the transport of Fe ions to the magnetite
GRAIN BOUNDARIES IN HEXAGONAL CLOSE PACKED particles, and the removal of Mg and Si ions away from the magnetite.A
METALS. Kisoo Shin and A.H. King, Department of Materials knowledge of the interface structure and the structure of defects, such as
Science & Engineering, State University of New York at Stony Brook, steps or ledges, on these interfaces is essential in determining the
Stony Brook, NY 11794-2275. mechanisms for the phase transformation in this model system.

In HCP materials three dimensional CSLs are only possible for HRTEM images have been obtained using a JEOL 4000EX from samples
rational values of (c/a)2, except for rotations about the 10001] axis. of internally oxidized iron-bearing olivine. Needle shaped magnetite
For real materials, which have irrational axial ratios, the concept of precipitates are observed when the election beam is oriented parallel to the
the constrained CSL (CCSL) is introduced in order to describe the olivine [010] direction. The interface is found to be extremely sharp and
structures of large angle grain boundaries. In earlier work, we have atomically flat. Steps on the interface are frequently observed. Simulated
shown that dislocation spacing in high angle grain boundaries should images of the interface have been calculated for several models using the
change continuously as a function of misorientation and temperature TEMPAS progiaia, these results will be presented, and the comparison
(since the latter affects c/a). Because CCSLs occur in dense clusters between the experinmental and calculated images will be discussed.
in misorientation space, the energy change associated with varying
dislocation densities can drive phase transformations which convert
the structure from one CCSL (or S--value) to another.

In this paper, we calculate the elastic energies of dislocation arrays in
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C9.23 impurity atom (B,C,P or S) in the center of a capped trigonal prism of Fe

ATOMIC SCALE STRUCTURE OF TWIN BOUNDARY IN Y-BA-CU-O atoms at the GB core. Contrary to earlier molecular cluster calculations, a
SUPERCONDUCTOR. Y. Zhu, M. Suenaga, Youwen Xu, and M. strong charge transfer in the direction of Fe was discovered. The
Kawaaaki* Department of Applied Science, Brookhaven Wiger-Seitz spheres of B,C, P and S lose respectively 0.47, 0.25, 1.60
National Laboratory, Upton, NY 11973 and 1.47 electrons. The s-electrons of the impurity atoms form filled
*Joel USA, Inc. Peabody, HA 01960 bands separated from the valence bands (for B the gap is very small),

while the p-clectrons strongly hybridize with s-, p- and d- electrons of the
Direct structural images of twin boundary have been nearest Fe atoms. As a result of this charge redistribution, strong ionic
obtained in YBa2 Cu3 O7 _6 , YBa 2 (Cu"9 8 Zn.0 2 )3 07 -$ and components are formed in Fe-P and Fe-S bonds. For B and C these are
YBa 2 (Cu.98A. 0 2 ) 30 7 - (6-0) superconducting ceramics by much weaker, the main bonding being covalent and metallic. The number
high-resolution transmission electron microscopy. It was of electrons occupying antibonding states increases steadily on moving
found that the transition of the lattice planes of a twin from B to S. The magnetic moments of the Fe atoms nearest to the
domain across a twin boundary involves a shifting of the impurity are decreased. For B,C,P and S they are respectively 2.07, 1.88,
respective planes as well as a rotation across the bound- 1.12 and 1.09 1g/atom , while the magnetic moment of a bulk Fe atom in
ary.The transition takes place within approximately 10 to

30 A, which is considered an the twin boundary layer the BCC lattice is;.24s/atomThisbehavioris being comparedwith that
thickness and is in good agreement with our previous value of the corresponding ( 11) free surfaces in order to deduce the electronic
of the twin boundary thickness estimated from measuring basis of the influence of these impurities on the work of grain boundary
thelength of the streak in the selected area diffraction separation.
patterns.

1 
The difference of the twin boundary layer in

pure "123" and Zn and Al doped *123* will be reported. A

structure model of the twin boundary will also be C9.26

proposed. MODELING OF NANOPHASE CONNECTIVITY IN SUBSTANCE
-VOID COMPOSITE BY OBLIQUE DEPOSITION. Tomoyoshi

This research was performed under the auspices of the U.S. Motohiro, S. Nods, A. Isogai and 0. Kamigaito,
Dep-iol. 'nt of Energy, Division of Materials Science, Toyota Central Res. & Develop. Labs. , Inc.
Office of Basic Energy Sciences under Contract No. DE- Nagakute-cho, Aichi-gun, Aichi-ken,480-ll,Japan.

AC02-76CH00016.

Obliquely vapor deposited thin film is charac-
I) Y. Zhu, M. Suenaga, Y. Xu, R.L. Sabatini, and A.R. terized by its unique inclined columnar struc-
Moodenbaugh, Appl. Phys. Lett. 54, 374 (1989). ture. Recently one of the authors developed

thin film optical quarter-wave plate by oblique

C9.24 deposition [1]. SEM observation revealed the
inclined columns of -10 nm in diameter and -3

STRUCTURAL STUDIES OF A TYPICAL LAYERED SEMICONDUCTOR microns in length. Its birefringence indicates
(S4 1n2 Zn) USING HIGH RESOLUTION ELECTRON MICROSCOPY AND those columns are less closely spaced in the
CONVERGENT BEAM ELECTRON DIFFRACTION. Dwit .Acsta, plane of vapor incidence (PVI) than normal to
Instituto de Ffsica, Universidad Naciona1 Aut6noma de Mxi- PVI, composing alternatively stacked substance
co, A. P. 20-364, 01000 Mxico, D. F., Mxico. Mauro Bri- layer (columns laterally connected with each
ceno, Universidad de Los Andes, Facultad de Ciencias, Mri- other)-void layer(residual space) nanophase com-
da, Venezuela. posite with 2-2 connectivity[2]. The growth

mechanism of the inclined columnar structure has
S4 In 2 Zn is a semiconductor material with a layered structu- been successfully explained by the self-
re similar to a mica obtained after chemical transport reac shadowing effect in 2D-space computer simulation
tions for crystal growing. Its laminar configuration makes in PVI[31. However, the connectivity development
the S41n2Zn and ideal material for electron microscopy stu- perpendicular to PVI is not self-evident. In the
dies: wide planar zones and very thin as required for con- present work, we performed simple 3D-space simu-
vergent beam electron diffraction and high resolution elec- 1aLi:n of oblique depositipon and observed
tron microscopy. S4 In 2 Zn crystallizes with an hexagonal substantial feature of the connectivity develop-
structure (a - 3.8A., C - 37.OA) but some times presents ment and related features on this nanophase
rhombohedral structure and transform to a cubic one as tem- structure.
perature is increased (around 400C). We report in this
work electron microscopy measurements: thickness of layers, l.T.Motohiro and Y.Taga, to be appeared in
crystalline potential and full symmetry using convergent Applied Optics-July 1, (1989).
electron beam diffraction methods. 2.R.E.Newnham, D.P.Skinner and L.E.Cross, Mat.

Res. Bull., 13, 525(1978). Pergamon Press,USA.
High resolution electron microscopy observations also were 3.D.Henderson, M.H.Brodsky and P.Chaudhari,
carried out from very thin layers and a wide variety of Appl. Phys. Lett. 25, 643(1974).
structural features were identified and characterized. Also
defects like twins and dislocations were detected and quan- C9.27
tified in order to correlate with some physical properties
of S4ln2Zn. DEFECT EVOLUTION IN Al/Cu and Al/Ni BILAYERS DURING

ANNEALING. Bent Nielsen, S. M. Heald, W. Triftshstler*,
Optical dlffractometry and image calculations were carried K. G. Lynn, E. Barrera, and J. Jayanetti, Materials
out together with high resolutions imaging in order to com- Science Division, Brookhaven National Laboratory, Upton,
plete or corroborate information obtained from microscope NY 11973.
observations.

*Universitet der Bundswehr, Neubiberg, FRG.
C9 .25

Thin bilayers of Al/Cu and Al/Ni were grown by evaporation

EFFECT OF B, C, P AND S ON IN TERGRANULAR COHESION IN on Si02 at -300 K. A variable energy positron beam wa
IRON. Genrich L. Krask, Metals Research Branch, U.S. Army utilized to probe the defect structure in the as grown

Materials Technology Laboratory, Watertown MA 02172 and G. B. layers and subsequently after heat treatment leading to
Olson, Denartment of Materials Science and Engineering, Northwestern significant interfacial reaction. The results strongly
University, Evanston, IL 60208 indicate that after the heat treatment microvoids are

LMTO-ASA spin-polarized calculations were performed on a simplified
model of a (I l) incoherent twin X3 grain boundary (GB) in SCC iron.
The GB was modelled by a hexagonal 8-atom supercell, containing an
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formed in the Cu in the Al/Cu system and in the Al in the layers are formed. TiN is produced in contact with the polycrystalline,
Al/Ni system. bulk AIN. High-resolution transmission electron microscopy and

microdiffraction demonstrate that some of the TiN grains at the interface
This work was supported by the U.S. Department of Energy, display specific orientation relationships with respect to the adjoining
Division of Materials Sciences, under Contract No. DE- AIN crystallites. As has sometimes been observed in studies of epitaxy
AC02-76CHOOO16. in other systems, these relationships are not necessarily those that

C9. 28 provide the minimum geometrical mismatch between one or more sets of
lattice planes. Farther from the substrate, an TI-type nitride phase with

NANOLAYER REACTIONS IN ALVMINUM-METAL INTERFACES. composition (Ti,CuAI)6N occurs as a reaction product. High-resolution
E. V. Barrera, H. V. Ruckman, and S. H. Heald, Brookhaven images confirm the absence of amorphous or crystalline intervening
National Laboratory, Upton, NY 11973. phases at the TiN-TI interface and at 11 grain boundaries.

Surface Extended X-ray Absorption Fine Structure (SEXAFS) C9.31
measurements on the nanometer level ware made for Al/M
interfaces where N was Cu, Cr or Ni. The samples were ATOMIC STRUCTURE OF CRYSTALLINE BORON NITRIDE
studied immediately after deposition and measurements were INTERFACES WITH CERAMIC SUBSTRATES." L. FAlrd, High
taken while varying thickness and after heat treatments.
Significant differences in interface reactions were Temperature Materials Laboratory, Oak Ridge National Laboratory,
observed depending on deposition direction (Cu on Al or Al Oak Ridge, TN 37831; A. K. Datye and R. T. Paine, Center for
on Cu) and the amount of mixing was also related to Micro-Engineered Ceramics, University of New Mexico,
whether M was Cu, Cr or Ni. The heat treatments further Albuquerque, NM 87131.
identified which interfaces were the more reactive. The
SIXAS measurements revealed that there were no detectable

C or 0 present, suggesting that the interface structures Recent work has shown that BN prepared from polymeric

were Al-M reactions and not associated with impurity precursors yields a pre-ceramic phase that melts below 12000C.
affects. The results obtained from the as-deposited The BN polymeric melt can be applied to ceramic substrates to
interfaces correlated well with data obtained from buried form thin, adherent, crystalline coatings. The structures of the BN
interfaces of like element combinations, ceramic coatings and BN/oxide substrate interfaces (such as

This work was supported by the U.S. Department of Energy, BN/A120 3 , BN/MgO and BNrio 2) have been investigated using

Division of Materials Sciences, under Contract Nos. submicron particles of simple geometry as model substrates.
DE-AS05-80ER10742 and DE-AC02-76CH00016. Using these model systems, all interface orientations that are

thermodynamically stable cap be studied using a single sample by
C9.29 high resolution TEM. Preliminary results indicate that the BN

INTERFACIAL STRUCTURE OF Er203 PRECIPITATES IN TITANIUM crystallizes in a hexagonal modification, with the BN basal plane

AND Ti-37Al.* Daniel S. Schwartz, McDonnell Douglas always parallel to the oxide surface. Comparison of experimental
Research Laboratories, St. Louis, HO; Shenkar M. L. images with calculated images permits determination of atomic
Sastry, McDonnell Douglas Research Laboratories, St. structure at these ceramic-ceramic interfaces.
Louis, MO; and P. Fraundorf, University of Missouri-St.

Louis* St. Louis, MoO. *Research sponsored in part by the U.S. DOE, Assist. Sec. for
High-resolution tran-sission electron microscopy wae used Conservation and Renewable Energy, Office of Transportation
to study the structure of interfaces between Er 2 0 3  Systems, as part of the High Temperature Materials Laboratory
precipitates and titanium alloy matrices at different User Program, under contract DE-AC05-840R21400 with Martin
stages in the growth of the precipitates. Rapid- Marietta Energy Systems, and by the Center for Micro-Engineered
solidification processing was used to create a metastable Ceramics, University of New Mexico
solid solution of 2 wt. % Er in both pure titanium and
titanium 37 wt. 2 aluminum. Subsequent annealing causes
the Zr to scavenge 0 from the surrounding matrix and form C9.32

a fine, mechanically beneficial dispersion of spherical SIMULATION AND QUANTIFICATION OF HIGH RESOLU-
Er203 precipitates, evenly distributed throughout the

matrix. In the early stages of growth, the precipitates TION Z-CONTRAST IMAGING OF SEMICONDUCTOR INTER-
are found to be semi-coherent with the matrix in both FACES. David E. lesso S. J. Pennycook, and M. F. Chisholm,

alloys examined. Growth of the precipitates was Oak Ridge National Laboratory, Oak Ridge, TN 37831.
coitrolled through the use of In situ heating, and the

evolution of interfacial structure was traced as a Z-contrast STEM is a new technique for high-resolution electron

function of precipitate sise in the titanium and Ti-37A1 microscopy giving images characterized by strong chemical
matrices. Finally, the precipitate-matrix interfacial sensitivity, high localization, and an incoherent character.
structure in pure titanium was compared to that in TI- There are no contrast reversals with defocus or sample thickness
37A1. and no Fresnel fringe effects at interfaces, so that rigid shifts are
*This work was supported by the Air Force Office of independent of thickness and defocus. These characteristics arise

Scientific Rsearch under Contract No. F49620-66-C-OO8. from allowing only highly localized electron scattering to

contribute to the image, so only the electron intensity close to

C9 .30 the atom strings is important. It becomes very clear how these
lI(;lI-RESOLUTION ELECTRON MICROSCOPY OF incoherent characteristics arise using a Bloch wave description
INTERFACES IN AIN-BRAZE METAL ALLOY SYSTEMS. since the dominant contribution to the image comes from the

A. H. Car. Center for Micro-Engineered Ceramics & Department of thickness integrated Is state intensity. As a consequence, Z-

Chemical and Nuclear Engineering, University of New Mexico, contrast images may be predicted intuitively and simulated to

Albuquerque, NM 87131. high accuracy on a small computer. These calculations also
demonstrate the strong localization of the image. Each atomic

An understanding of bonding between ceramics and metals requires column is imaged practically independent of its neighbors,
knowledge of the interfacial structures that are present. In the work llowing "column by column" compositional mapping of
described here, the microstructural aspects of active brazing of AIN with interfaces. The implications of higher accelerating voltages for
a Ag-Cu-Ti alloy have been investigated. A series of reaction product

106

K -~-l.



improved resolution and localization are discussed. C9.35 ABSTRACT NOT AVAILABLE

*Research sponsored by the Division of Materials Sciences, U.S. C9. 36
Department of Energy under contract DE-ACO5-840R21400 withCDU Y AITIL
Martin Marietta Energy Systems, Inc. PROCIINO FO SICUOTYK F IMEIKY I.D. 1. aroek

V.1. Doriagako,Minak RAdionaneoring institute,
C9.33 ?.Dwovka 6,220600 IMinmk, USSR.
SIMULATED IMAGE MAPS FOR USE [N EXPERIMENTAL platinum ailicides were formed by rapid thermal
HIGH-RESOLUTION MICROSCOPY. M.A O'Kefe and U. Procehsing of 35-45 =m platinum films deposi~ted
Dahmen, National Center for Electron Microscopy, out* moncorystalline (111) phosphorus doped
Lawrence Berkeley Laboratory, University Of California, (2' 1014 at/call silicon substrates. Incoherent
Berkeley, CA 94720. lights were used to process the samples for 5 -

30 a at induced temperatures ranging from 300
to 10500 C Schottky bavriera with the mctive

The variation of high resolution image contrast as a area of 50 0 pml were formed.
function of thickness and defocus for a given material can
be plotted in a composite simulated image. Such Phase coinosition and structure suicide lavers
simulations are useful as guiding maps during we"e studied by RB and ?SM. I-V oharacteriatios
experimental high resolution microscopy. The use of of Schottky barriers were measured. Sulicide

phases appear after processing at 400 - 4500 C.these maps makes it possible to locate optimum imaging The silicide layer growth follows parabolic ki-
conditions even at foil thicknesses beyond the thin phase notice characterized by the growth rae.
object limit. For perfect periodic crystals the contrast v=-0.021eXp(-1.0/kT) cal/s at 400 - 60000 when
conditions repeat with thickness and defocus. The Fourier both Pta Si end PtSi were detected *ad

2d2 X ora cysalwit prid dissmll v-O.014exp(l.1/T) cut/@ at higher temperatures
image distance 2d/ o rsa ihpro ssal when only Pt~I was formed.
enough to limit the size of a useful mae to an array of
about ten 100A defocus steps by ten 20A thickness steps The activation energy of reori'stallization was
(depending on extinction distance). However, due to their ecstimatidton w pr5V.eman oaiof -td.
large period, defects such as grain boundaries have a ersalatowspedmn tycaisne.
much larger Fourier image distance. The image Tha i3,h)tr harriers were characterized by the
characteristics of a through-focus through -thickness map heighb of 0,6 - 0.86 eV end Ideality factor of
are thus particularly useful in optimizing defect contrast 1.04 - 2.6.
during operation of the microscope. Typical features of C93
these maps and examples of recent applications at the
NCEM will be discussed. This work was supported by the M~ ANALYSIS OF MME CHE2MISW OF 7WE SAP-
Director, Office of Energy Research, Office of Basic Energy HE LF7C AS A PUI4C1'CK OF HlI 'T2PM-

'f1J~W MI AN1LO.iezer QN2d RdpSciences of the UJ.S. Department of Energy under contract Naa FAS~ LabOrat~y, O~e6816, Mwhixjtat D.C.
#DE-ACO3-"76SF00098. 20375-5000.

09.34 This r~zesnts the first XPS dienuca analysis or the
effects of irk-situ hi temperature vacuum arnealing of

LAYER CONTRAST IN InAs / GaAs SUPERLATTICES (1.102) sagphlre S~latm. Prieviamsly, the effects of highs
STUDIED BY TEM taieratsre vacuum annealing of a sappire ubsitte
C.J.Kielv, Department of Materials Science and Engineering. University of in-situ of a VGBO Si =system ort the Si growth ldretica
Liverpool; K.CI-Iscih. Department of Electrical Engineering, University of has been inveutigatedl, and the resultant ateria
Illinois at Urbana-Champaign; A. Rockett, Department of Materials characterized for its crystaline a l~aity, micosaoxal
Science, University of Illinois at Urbana-Champaign. defects, and electrical~etw he inch substrates

ware dunaially cleaned and then inserted into the system
Transmission Electron Microscopy studies have been carried out on a series lad lock. 7he wafers werea then arife in a hig tam-
of InAs I GaAs strained layer superlattices and effects such as anomalous parature leating stage at 14500C and 1300 and anlyzed
layer contrast and assymmetries in interfacial slharpnesses have been with an ESCAB M I uing boh M; and Al switatiori
observed. The technique of using (200) structure factor contrast for imaging sorcs Before cheical clearkinq the airface of the imfer
layers in this system has been considered in detail since the layers exhibit is ocineiated. with C. After the disicl clam the c
contrast opposite to that predcted by kinematical theoty. Using a theoretical peak disappear. This is in cmftzet to cheical cleanig
Bloch wave approach we have systematically assessed the relative of Si %ter a residail C =*aarotior m ~tnm to g.dat.
contributions to the layer contrast of factors such as (1) structure After the clelining, a -11 residual F psmk adsft an the
amplitudes, (2) absorption coefficients and Debyc-Waller factors, (3) 00~im Whfer. Tis r conaflinatim disam upm
tetragonal distortion, (4) strain relief by misfit dislocations, (5) slight layer heating. Por the 1450& weald samle a lo of wa~si
misorientations and (6) thin specimen surface relaxation effects. These ; - I of cogurt is found. This is accespaiid by a
results will be discussed fully and comparisons will be drawn from all**t line in the A1(2p,2s) and 0(2..) bindlzm aurgies,
observations and calculations on the closely lattice matched AlAs / GaAs t~hids is eudat with a relamticri of the suns.
superlattice system PzaliadiuryW esults will be , 11 1 to invetigate

an acccopwWg reacrtution of the surface.
The thermal stability and interfacial abruptness of InAs / GaAs SLS's 1. 3.0. Pellegrino, E.D. Richmd, and M. IVIW,
grown by MOCVD as a function of growth temperature have been studied. Materials F~srch Society Proc., *Vol. 116, p.395, 1966
Abrupt, symmetric interfaces are obtained ait low growth temperatures Elise D. Richmad, this omnferinc, Sesic D.
(62S")C) whereas morn diffuse, assynmmetic cpoition profiles are 2. E.D. Ptidwcid, S. Qadi, A. Waidmn, M. Twig,
observed for those grown at high temperatures (80C) This assymmetry N. Gree, n7I Intarraticral Si MW sympoi= 30 May - 2
occurs during growth and is not a result of bulk inte.dffusion at elevated JWu IM6, Stxdz i0g Franc.
temperatures, as evidenced by analysis of samples grown at low
temperatures and annealai at higher temperatures.
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C9. 38 CoSi2/Si(11).

INFLUENCE OF PLASTICITY IN ADHESIVE BOND STRENGTH Although a large number of different silicide-silicon interfaces
MLASUREMENTSUSINGSHOCK WAVES. GraldL.AutandWilliam have been studied in the past, CoSi2/Si(110) differs
Lai, Lawrence Livermore National Laboratory, P. 0. Box 808, Livermore, crystallographically from all previously studied systems.
CA 94550; and Kenneth E. Froschner, Martin, Froschner, and Associates, P. Whereas for (111)B interfaces a twinning 1/6<211> dislocation
0. Box 17, Livermore, CA 94550. is needed to produce a step in the interface, and (100) interfaces

require a 1/4<111> dislocation at a step on the Si surface, the
We have developed a method of measuring the bond strength of metal/ 1/4<111> vector lies within a (110) interface, so that steps on
ceramic interfaces using a novel technique that employs shock waves to the (110) surface are related by 1/2<110>, but there are two
exfoliate metal films from ceramic substrates. The shock is generated by a inequivalent interfaces on a given surface. The consequences
magnetically accelerated projectile incident on a buffer material, which is of this symmetry for the (110) defect structure are described.
usedtoadjusttheamplitudeandshapeoftheincidentcompressivewave. The For CoSi 2 /Si(1.l)B we describe a phase transformation into a
buffer is coupled to the ceramic substrate. The compressive shock is phase low-symmetry structure for both the epilayer and the interface.
shifted afterreflection from the metal surface and becomes a triangular tensile The temperature at which low-symmetry films transform into

hif enfteenilefpulsepasseshroughdthe meaiacintece, and the cubic silicide varies between -400°C and -150K, dependingpulse. Whenthetensilepulsepassesthroughthemetal/ceramicinterface, and on the film composition and thickness. The low-temperature
if the amplitude is sufficient, the metal film will spontaneously exfoliate from form does not correspond to any bulk phase of silicide and
the substrate. Experimentally, measurements are taken of the free surface appears to be driven by the strain and interfacial free energy
velocity of the spalled film using laser interferometry. The bond strength of present in the thin film.
the interface can be calculated based on the measured free surface velocity.

In this work, it was assumed that during the transit of the shock and rarefaction C10. 2

waves thematerial on eitherside oftheinterfacedid notreach theplastic state. ATOMIC STRUCTURES AT CoSiu/Si (111) AND CoSi/Si (111)
We have attempted to verify this using transmission electron microscopy to INTERFACES. A.Catan , P.E.Schmid and *P.Stadelmann, Insti-
measure the dislocation density near the interface before and after the spall tute of Applied Physics,*Institute of Electron Microscopy, Swiss
process. We also report results of bond strength measurements on Ni/ Federal Institute of Technology, 1015 Lausanne, Switzerland.
sapphire interfaces.

CoSi2/Si (111) interfaces have been prepared by annealing of a
C9.39 UHV evaporated, Co layer at 400, 500, and 900C for a few sec-

ORIGIN OF ATOMIC REOL TION IN SC'ANNING, onds. At low temperatures (400*C), the silicidation yields CoSi
which is found to grow epitaxially on silicon. CoSi:/Si (111) and, 'L.I onC MRsarc('enter, PO. Boxn 21n, Iorktow R icic D- the more complex CoSi/Si (111) interfaces are therefore well suited

sion. T.I. Watson Research ('enter, P0O. Box 218, Yorktown I Icights, for the study of fundamental questions related to the interface com-
NY 10598. position and bonding configuration. At the same time, they offer

the opportunity of studying atomic scale changes at interfaces in

Scanning tunneling microscopy (STM) has demonstrated true relation to the CoSi-CoSi, phase transformation.
atomic resohution, i. e.. 2-4 A lateral resolution, on a nttmher of

Results are presented of a detailed high resolution study of both
solid surfaces. The observed resolution is far beyond the cxpec- interfaces. Thin samples were prepared by conventional thinning
tation of some well-known theoretical models of STM, for exam- techniques, as well as by cleavage of wedges. The second technique
ple. the s-wave theory of STM, i. c., based on consideration of offers some advantages over the classic one such as the absence
local density of states (LDOS) of the sample, and the single-atom of ion-induced artefacts and a straightforward determination of
imaging model. In this paper, it is shown that true atomic resol- sample thickness. Investigations were performed along both 1110]
ution in STM originates from localized p, or d,, states on the apex and 11121 silicon axes. The image contrast at the interface was

analyzed using image simulations. Various bonding models areatom of the tip. Asociated with these tip states, the tunneling discussed and compared to experimental images. As a result, we
matrix elements become proportional to the derivatives of sample show the occurence of the sevenfold coordination of Co atoms at
wavefur,c:ion, i. e., ?a1,/,lz and a/0''az2 etc., rather than its am- both A and B type interfaces. This is the first evidence of this
pliludc. This result- in much greater corrugation amplitudes interface geometry for CoSis, others reports being in favor of Co-
than those of LDOS. The new theory is able to explain a large Si bonds and a 5-fold or 8-fold Co coordination.
number of experimental result, and provides insight into the ori-
gin, meaning and tip requirements of atomic-resolution STM. C10.3

MICROSTRUCTURAL ASPECTS OF AMIORPIIOUS NICKEL
SILICIDE FORMATION IN EVAPORATED Ni-Si MULTILAYERS.

C10.1 Karen Hollowas, IBM Thomas J. Watson Research Center, Yorktown

INTERFACE STRUCTURES AND THEIR DEFECTS IN Heights, NY 10598

CoSi 2/Si: DISLOCATIONS, DISCLINATIONS AND A THIN- The formation of very thin (1-2 sni) amorphous intermixed layers at
FILM PHASE TRANSFORMATION. metal-silicon interface,, and their growth at annealing temperatures below
D. J. Eaglesham, R.T. Tung, S.M. Yalisove, R.L. Headrick, and those at which crystaline silicides nucleate have attracted attention in recent

years. This process constitutes the earliest stage of metal-silicon reaction in
I.K. Robinson, AT&T Bell Laboratories, 600 Mountain Avenue, some systems, so its study is vital to the understanding of the formation of
Murray Hill, NJ 07974. metal silicides for application in integrated circuits. Furthermore, as the

growth of crystalline metal silicides has been extensively investigated, a
The interface structures and interracial defects in CoSi2/Si knowledge of these systems can be applied to understand the process of

diffusion by which these disordered layers expand. For example, the crys-
heteroepitaxy have been the subject of intensive study for over talline Ti silicides grow through the transport of silicon. The location of
a decade now, but the system continues to provide us with voids which appear during amorphization in Ti-Si multilayers suggest that
surprises. Here we will present the results of a study of the this probably also proceeds via Si mobility. As Ni diffuses during the

growth of nickel silicides, a study of the Ni-Si system complements those
novel CoSi2/Si(110) interface, and revisit the much-studied already performed on Ti-Si. To this end, the growth of thin interfacial

amorphous nickel silicide layers in evaporated Ni-Si muhilayer films of
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various bilayer thicknesses has been investigated using cross-section trans- CI . 6
mission electron microscopy. This work focusses on the microstructure
which evolves on rapid thermal annealing at temperatures low enough to SILICIDE FORMATION AND THERMAL STA-
suppress complete crystallizaion of the amorphous silicide (150-25oC). BILITY OF Ni/Si/GaAs INTERFACES.
(Cistalline NiiSi nucleates early in the reaction, forming a planar layer be-
tween the elemental nickel and the growing amorphous alloy. The forma- Y. Yamasoto, K. Ishibashi, Res. Cntr. of Ion Beam Tech., Hosei
tion of Kirkendall voids does not occur until the Ni is consumed by the
crystalline si]icide. These observations will be compared with the quite dif- Univ., Tokyo, Japan; S.Szuki, Adv. Mat. Lab., Sohka, Japan;
ferent microstructure which evolves during amorphization in Ti-Si multi- T. E. Shim 1, Waseda Univ., Tokyo, Japan.
layers.

Silicon and/or Ni were vacuum evaporated onto (100) GaAs. Inter-
C1O.4 diffusion and silicide formation processes in the system upon annealing

NUMERICAL AUGER LINESHAPE ANALYSIS OF were investigated using AES and X-ray difractmetry.
PHASE FORMATION IN NI/SIl II ). J. R. Butler, Thicknesses of Ni and Si were varied to examine how the interface
X. Tong and PA. Bennet, Department of Physics, reaction related to the relative amount of Ni to Si; (1) Si(1000 A)/GaAs,
Arizona State University, Tempe, Arizona 85287. (2) Ni( 700 A)/GaAs, (3) Ni(700 A)/Si(1000 A)/GaAs, (4) Si (1000

A)/Ni(2000 A)/GaAs, and (5) Ni(2000 A)/Si( 1000 A)/GaAs.
We show that numerical Auger lineshape analysis can
quantitatively separate coexisting phases occuring in AES mesurement revealed that a Si/GaAs interface of sample (1) was
the thermal (contact) reaction of 0 - 30 A nickel stable after annealing at 850 C for 30 min. When the relative amount of
overlayers on Si(1 11). Measured Si LVV spectra are fit Ni to Si is unity as sample (3), stable NiSi was formed and no reaction
as linear combinations of measured "fingerprint" to GaAs was observed after annealing at 500 C for 2 hour.

spectra for Ni 2 Si, NiSi and NiSi2 obtained by scraping When Ni was directly atatched to GaAs, appreciable interdiffusion
bulk alloys in situ. We find that nickel reacts at room of GaAs and Ni was observed (samples (2), (4)), but in sample (4) Ga
temperature to form Ni2 Si for all coverages from 0 to - and As did not diffuse into the Ni 2Si surface layer at 500 C.
12 A, at which point this reaction saturates, and pure In the case that Ni was the outermost layer of which amount was in
nickel forms. We also find a cap of silicon on the A- excess of Si as sample (5), the system was quite unstable at the same
type NiSi 2 structure, but not on the B-type when these temperature; no clear silicide phase, no distinct interface, oxidation of
are annealed at 500 C. Finally, NiSi forms at 300 C and the surface Ni layer.
coverages above 15 A, but not at lower coverages. We
present the data as a coverage vs. temperature kinetic 1Present address: Samsung Electronics, Seoul, Korea
phase diagram that provides a comprehensive view of
phase formation in this ultrathin film system, and
bridges a gap between monolayer and conventional
(1000A) thin film studies. By extrapolating from FRACTIONAL ATOMiC PLANES IN GaAs/AtAs SUPER.

LATrICES AND THEIR RELATIONSHIP TO ITrERFACIAL1oooA film results, we can quantify a switch from buik ROUGHNESS..aKSll Physics Department B-019.
to surface diffusion and observe a variety of free Universityof California. San Diego LaJolla, CA.; M.
energy and strain contributions to the nucleation rate Grimsditch, Material Science Division Argote National
for NISi 2 formation. Labs., Argonne, IL.: F. Chambers. G. Devane, Amoco

Research Center. Napeville, IL.; H. Vanderstracm, D. Neerinck,
J.-P. L cquet and Y. Bruynseraede, Physics Department,

CO. 5 Katholieke Universiteit Leuven, B-3030 Leuven. Belgium

X-RAY ABSORPTION STUDIES OF TITANIUM SILICIDE
FORMATION AT THE INTERFACE OF Ti DEPOSITED ON Si.* We havegrown high quality GaAs/At As siperlattices with
David Aldrich. Q. Islam, H. Jeon, R. Nemanich, and D.E. Sayers, non-integral number of atomic planes in each layer of a
North Carolina State University, Raleigh, NC 27595-8202 supefnice. Diffraction studies of these superlauices show

unusual tucture. characteristic of the non-integral
X-ray absorption measurements have been performed on the Ti K-edge character of die superlanice, which may even be incommensurate.
for a series of titanium silicide samples. The samples were fabricated by The results are in good agrenmest with strucure factor
depositing Ti on silicon wafers and subsequently annealing them up to calculations and show that this type of roughness cannot be
temperatures from 100 to 9000 C in UHV and Nitrogen. Measurements determined by local measurements which only probe the
were done in die fluorescence and total electron yield modes at the X-I IA smcture of a single interface.
beam line at the National Synchrotron Light Source. Using the different Work suppotd by the U.S. Deanmen of Energy,
data collection techniques it is possible to examine the structure of the Grant DE FG03-87ERy45332 (at UCSD) Contract
sample in different regions. Both EXAFS and near edge spectra W-31-109-EO-3g (at ANL). the Belgian lnter-University
(XANES) were acquired and analyzed. Comparisons with standard At iion Poles (UAP) d Conted Action (GOA)
compounds have been made with the near edge data. The EXAFS data progrunmes. Intemational irvel was provided by NATO.
were analyzed using reference compounds. The XANES data showed a
high sensitivity to changes in the film smnctu. Ti metallic bonding And 2
Ti-Si bonds can be distinguished and their evolution traced as a function
of annealing. TheabsorptionWectaofsMM9sAnnealedunderN 2 Are STUDY OP INTERFACIAL SHARPNESS AND GROWTH
significantly different, indicating the possible presence of nitrides. IN (AAs), / (GaAs)5 SUPERLATTICES
Resultsan relatedtoRaman andother measuresentsofthereaction W. Tseng, S. Prokes, 14. Fatemi, B.V. Shanabrook,
process. B. Wilkins and H. Dietrich

Naval Research Laboratory, Washington DC, 20375
* Supported by de Dividion of Materials Science of die Department of
EnergyundercontactDE-AS05-80ER10742 A detailed investigation of x-ray diffraction

has been made on (AlAs), / (GaAs), superlattices
grown by three 14B techniques; normal growth,
interrupted growth and atomic-layer-epitaxy
(ALE). Theoretical simulations of the x-ray
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diffraction scans have also been made to C11.5
interpret the experimental data, in particular, INTERFACIAL STABILITY AND INTERDIFFUSION EXAMINED
the interfacial sharpness. Results indicate a
roughness of three monolayers at the interface AT THE ATOMIC LEVEL Y. Kim, A. Ourmazd, and J.A.
for normal growth conditions. The ALE growth Rentschler, AT&T Bell Labs, Holmdel, NJ 07733, and R. J. Malik,
gives improved interfacial sharpness, due to AT&T Bell Labs, Murray Hill, NJ 07974.
more precise control of shutter at slower growth
rates and reduction of substrate temperatures Modem crystal growth produces interfaces across which only the
during growth. composition changes precipitiously. Such systems are far from

equilibrium and can relax by the introduction of extended defects, or
Cli.3 by chemical interdiffusion. Here we investigate the chemical

A WEAK BEAM IMAGING TECHNIQUE FOR THE relaxation of interfaces, caused by interdiffusion between lattice-

CHARACTERISATION OF INTERFACIAL ROUGHNESS IN matched semiconductors.

(InGa)As/GaAs STRAINED LAYER STRUCTURES Yao I. Y. Using chemical lattice imaging in combination with vector pattern
Andersson T. G. and Dunlop G. L. Department of Physics, recognition, we obtain quantitative profiles of the chemical change
Chalmers University of Technology, S-412 96 Goteborg, across single interfaces with atomic plane resolution. We thus study
SWEDEN interdiffusion across single GaAs/AIGaAs interfaces as a function of

temperature, depth of interface beneath the surface, and doping.
A weak beam imaging technique in transmission electron Since our technique is sensitive to interdiffusion coefficients as small
microscopy (TEM) has been developed for the characterisation of as 10"2°cm2 /s, we can study atomic level changes at a single interface
interfacial roughness in lattice strained (InGa)As/GaAs multiple at the low temperatures used for many device processing steps (-700
layered structures. In this technique, the heterointerfaces of (100) C). Our results show interdiffusion, and hence the layer stability
type strained layers are imaged in an inclined projection with a depend not only on temperature and doping, but also on the distance
g31 , diffracted reflection at off-Bragg conditions. It was found that of the interface from the surface. The implications of these results for
the contrast that arose from variations in strained layer the stability of multilayered structures are discussed.
thickness was significantly increased in this imaging mode.
Rough interfaces that resulted from growth in either a two or a Cl1.6
three dimensional growth mode via island formation were
observed. The interfacial roughness in terms of variations in ATOMI S U CTURE A CH EM OF isTElACS
strained layer thicknesses on a monolayer scale was imaged. The DETERMINED BY Z.CONTRAST STEM. in.al Lhishorl S. .
resolution of contrast in the plane of the interface was better Pennycook, and D. E. Jesson, Oak Ridge National Laboratory, Oak
than 10 nm. Such contrast improvement was attributed mainly Ridge, TN 37831

to the enhancement of the contribution of diffracted electronsfrom the strained layers to the image. A theoretical calculation The technique of Z-contrast STEM provides a fundamentally
based upon kinematic theory was made in order to gain a better new and powerful approach to determining the atomic scale
understaninmaof theoryas ad in thw eak bm imaing mte. structure and chemistry of interfaces. In this paper we haveunderstanding of the contrast in this weak beam imaging mode. applied the technique to a number of technologically important
In principle, this imaging technique can be applied to other apled the tehnqu tmr of nologically i nstraned ayerhetrostuctues.interfaces, including the direct imaging of interdiffuslon in
strained layer heterostructures, ultrathin (SimGen)p superlattices, and the direct imaging of an

interface reconstruction at a silicide/silicon interface. Since no
C1i. 4 contrast is seen within an amorphous layer, the technique is also

THE OBSERVATION OF SURFACE ROUGHENING ON ALUMINUM USING a powerful way of studying amorphous/crystalline interfaces.
OPTICAL SECOND-HARMONIC GENERATION.* S. Janz, K. Pedersen, Examples will be shown of Ge/SiO2 interfaces produced by ion
H. van Driel, University of Toronto, loronto, Ontario; implantation and oxidation, Si/SiO 2 interfaces produced by
and R. Timsit, Alcan Research and Development Centre, oxidation, and the solid phase epitaxial growth front in ion-
Kingston, Ontario, Canada. implanted, thermally annealed Si.

We report the use of optical second-harmonic generation
(SHG) as an in situ probe of thermally induced changes in Research sponsored by the Division of Materials Sciences, U.S.
surface morphology. An incident beam from a synchronously Department of Energy under contract DE-ACO5-84OR21400 with
pumped dye laser operating at a wavelength of 580 nm with Martin fdariottm Pnorgy Cyeamc, Ine
a 3 picosecond pulse width was used to generate second-
harmonic light at atomically clean Al (100), (110), and C12.1
(tIt) surfaces. The SH light was collected using
conventional photon counting techniques. As the temperature THE USE OF FRESNEL CONTRAST TO STUDY THE INITIAL
of the samples was ramped from room temperature to 6200 C, STAGES OF THE in situ OXIDATION OF SILICON. F. M. Ross and W.
the SH intensity increased dramatically at specific M. Stobbs, Department of Materials Science and Metallurgy, Pembroke
temperatures dependent on the crystal face. The SH Street, Cambridge CB2 3QZ UK; and J. M. Gibson, AT&T Bell
intensity jumps occured at 4500 C for the (111) face, at Laboratories, 600 Mountain Ave., Murray Hill, NJ 07974.
5600 C for the (110) face and at 5800 C for the (100) face.
After the samples were quenched to room temperature, the The interface between silicon and its oxide has been studied extensively at
SH signal decayed back to its initial value with a time different stages of growth using a variety of powerful analytical techniques.
constant of approximately 15 minutes. We interpret the It has become clear that in order to understand the kinetics of thin oxide
rise in SH intensity as being caused by surface roughening growth and the sructureof theSi/SiO 2 interface, composirional information
due to a proliferation of steps as the temperature is is required at atomic resolution to complement the interesting structural
increased beyond the roughening temperature characteristic results already provided by high resolution electron microscopy.
of the crystal face. The decay of the surface roughness Unfortunately data is difficult to obtain at adequate resolution with
after quenching proceeds via a relatively slow self- techniques requiring afocussed probe because of the problems of beam
diffusion process. The effect of surface morphology on broadening and damage to the oxide. However past analysis of oxides
optical 546 and its potential applications will be viewed edge-on in a conventional electon microscope has been
discussed. accomplished by a diffent approach: utlisng the sensitivit ofthe Frselcontras seen alog a St/St0 2 interface to the compositton chng occurring
* This work supported by the Natural Science and Engineer- at the interface. Informaton is extracted by matching the experimental
ing Research Council, the Ontario Laser and Llghtwave fringes in low resolution defocuse images to imulations from a simple
Research Centre, and Alcan. computer model. This method has been used to det ne the sharpness of
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the Si/SiO2 interface and to demonstrate changes in the relatonship between ly grown wet and dry oxides of silicon. A possible
the compositional and structural changes which both occur at the interface, correlation between bonding structure (SiH vs.
The resolution achieved was sufficient to suggest a change in the oxidation SiOH) and film stress is explored.
kinetics between the ultra-thin (<3nm) and thin (3-30nm) growth r gimes.

Hydrogen spatial distributions in the interfacial
The weakness of this past work has been the uncerti namtu of the initial region are also examined by NMR. Since hydrogen
silicon surface and damage associated with foil thinning. In the present is expected to cluster near defects as it does in
study, rather than analysing formed oxides we describe observations of the the amorphous silicon hydride system, this may
growth in situ of oxideonaclean silicon surfaceinamicroscope modified provide insight on the atomic scale structure of
for ultra high vacuum. By analysing the Fresnel contrast along the edge of the Si/SiO 2 interface. An understanding of this
faceted regions of the specimen, compositional changes at the silicon interface is critical in explaining the growth
surface can be observed while controlled amounts of oxide are grown. This kinetics of thin, low temperature oxides. Differ-
growth under low oxygen pressures provides an interesting contrast to ences in the interfaces of wet and dry oxides are
higher pressure thermal oxidation. We will discuss the implications of this highlighted.
work for theories of the growth of the first few monolayers of oxide.

C12.5
C12.2 ELECTRONIC STRUCTURE OF EPITAXIAL Si0 2 /Si(1OO)
THE INITIAL STAGES OF FORMATION FOR THE Si/Si 2  INTERFACES. T. Motooka, Institute of Applied
INTERFACEONSi(I11)x7. J.M. Gibson, AT&TBellaboratories, Physics, University of Tsukuba. Tsukuba.
Murray Hill. NJ 07974 Ibaraki 305, Japan

Using a UHV Transmission Electron Microscope we have studied the
initial stages of Si oxidation by high-energy transmission electron The local densities of states(LDOS) of epitaxial
diffraction and imaging. The atomic structure of the Si(lll) 7x7 calculated using the recursion method combined
surface is monitored as it is convened to a lxi buried interface, using cith the Harrison's universal tight-binding
quantitative analysis of high-energy transmission diffraction data. wdel. Clusters comprising -l0' atoms were
Structural analysis involved Patterson functions, fourier differencemaps generated to describe possible crystalline Si0
and least squares refinement from the electron data. We observe layers on Sicr) substrates. In an epitaxial

structural changes in the surface during 02 exposure which go beyond (j2x12)R45" structure of 0 -cristobalite, only
simple random destruction of the adatoms or dimers, and have half of the surface Si atoms are connected to
implication on the oxidation mechanism and interface structre. oxygen in Si2. The calculated LDOS associated

with the remaining surface Si atoms showed that
C12.3 localized states due to the dangling bonds (Pb

ELECTRON SPIN RESONANCE STUDIES OF SILICON centers) appeared in the middle of the Si gap.
DIOXIDE FILMS ON SILICON IN INTEGRATED CIRCUITS These gap states were eliminated by terminating
USING SPIN DEPENDENT RECOMBINATION. Mark A the dangling bonds with hydrogen consistent with

ina and Patrick M. Lenahan, Pennsylvania the results of photoelectron spectroscopy
State University, University Park, PA. measurements for H2 annealed Si0 2 /Si(I0O)

interfaces. On the other hand, all the surface
Although standard electron spin resonance (ESR) Si atoms are connected to the 0 atoms in a
detection techniques have been quite sucessful strained tridymite structure with an epitaxial
in exploring the atomic scale structure of relationship (001)[001]tridymitell (10O)[ll0]Si.
imperfections at or very near the Si/Si02 The interface states appeared near the Si
interface, theme studies have been limited to conduction band edge and were primarily
extremely large surface areas (several cm2 ) with composed of the interface 0 2p and surface Si 3s
fairly large defect densities. The technique of and 3p orbitals.
spin dependent recombination (SDR) allows ESR
observation of point defects in a single C12.6
metal-oxide-semiconductor field-effect
transisitor (MOSFET) with surface areas of only THE STRUCTURE OF INTERFACES IN OXIDE

10 - 4 cm2 and ouite low interface state HETEROJUNCTIONS FORMED BY CVD. L.A. Tietz. S.R.
densities of -- lo 1 1 /cm 2 . The two dominant Summerfelt, and C.B. Carter, Department of Materials Science and
paramagnetic defects found in the Si/SiO2  Engineering. Cornell University, Ithaca, NY 14853.
system are the Pb center and the E' center.
The Pb center is a trivalent silicon bonded to The development of a network of misfit dislocations is an essential process
three other silicons at the Si/SiO interface; in the formation of many types of phase boundaries during epitactic
the E" center is a trivalent silicon bonded to
three oxygens in the oxide. With SDR's growth. The introduction of misfit dislocations has been shown to affect

enhanced sensi t ivi ty, devices with different not only the elastic energy of the interface but also the orientation
processing details are explored. Results show relationship between the two phases. In this study, a-Fe2 0 3 /a-AI 20 3
significant processing induced differences in heterojunctions are used as model interfaces for the study of misfit
the Pb and E' SDR spectra, dislocation structures in oxides. c-Fe2 0 3 (hematite) and a-AI 2 0 3

(sapphire) have the same crystal structure (S.G. = Rkc; c/a = 2.73) but
C12.4 with a 5.5% lattice misfit.

AN NMR STUDY OF HYDROGEN AT THE Si/SiO2 INTERFACE
OF THERMALLY GROWN OXIDES. David H. Lev and A new, non-destructive method of preparing oxide heterojunctions for
Karen K. Gleason, Department of Chemical Engi- examination in the transmission electron microscope has been used to
neering, MIT, Cambridge, MA. prepare the interfaces for this work. The technique involves deposition of

Nuclear magnetic resonance (NMR) spectroscopy is thin oxide islands directly onto a TEM foil using CVD; in this case,
used to study the incorporation of hydrogen at hematite was deposited on (0001)-oriented sapphire. The hematite grew
the silicon-silicon dioxide interface of thermal- epitactically with nearly exact alignment of the crystal axes. Island sizes
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were predominantly in the range of 50 - 300 nm in diameter by <10 nm interface by subtracting the total energies of superlattices containing

thick. In addition, all of the islands were attached to surface steps on the two equivalent interfaces and the corresponding perfect crystal. A 4
substrate. Weak-beam imaging has been used to characterize the simple model involving C-C and Si-Si bondlength relaxation by neig-

dislocation structure parallel to both the (0001) terraces and the step faces. boring Si-C bond rotations is proposed. The calculations show that

The influence of the dislocation structure on island orientation and this lowers the total energy of formation of the defect from - 6 eV

morphology will be discussed. for the ideal structure to - 3 eV/interface unit cell area. Alterna-
tive structures are currently investigated by means of a valence force
field approach. The interface is characterized by several occupied

C13.1 interface localized states in the bandgaps (both the semiconducting

THE STRUCTURE OF GRAIN BOUNDARIES IN ALUMINUM* bandgap and the gap between the lower s-like and higher p-like va-
lence bands). These are present even after relaxation of the structure.

MJ. and G. 3. Thomas, Sandia National Laboratories, Livermore, Layer projected densities of states and supercell band-structures will
CA 94551-0969;, and F. Cosandey, Rutgers University, Piscataway, NJ be presented. These states as well as the charge accumulation near
08854. the interface which leads to a potential barrier should have significant

effects on the electronic transport. The high interface total energy

A systematic study of the structure of tilt grain boundaries in aluminum also implies a weak bonding at this interface.

has been initiated. High resolution transmission electron microscopy is

being used to examine the interface structure of several bicrystals with C13.4

<110> tilt axes. Specifically, the structure of a 19 [i0] 38.20 MECHANICAL RESPONSE OF MATERIALS WITH INTERFACES

symmetrictiltboundmaryhasbeendetermined. Thegrainboundaryplane, I. Alber, J. _L,_ . d, and J.Ou, Department of Mechanical

which appears wavy at lower magnification, is actually composed of Engineering and Applied Mechanics, University of Pennsylvania;
V. Vitek and G.-J. Wang Department of Materials Science and

atomically flat microfacets. Several different structures have been Engineering, University of Pennsylvania, Philadelphia, PA 19104.
identified within individual microfacets: two distinct, symmetric

structures with (2211 boundary planes and an asymmetric structure in Interfaces are regions of distinct atomic structure and, possibly,

which the interface lies on a (111) of one of the crystals. These composition. They possess, therefore, properties which are
different from those in the bulk. In continuum mechanics studies,

observations are being compared with calculated structure using the the influence of an interface can be accounted for through
Embedded Atom Method. The quantitative comparison between the displacement discontinuities, the magnitude of which depends

observed and predicted grain boundary structures is accomplished using both on tractions along the interface and the interfacial properties.

multislice image simulations based on the calculated structures. The The latter are controlled by the atomic structure of the interface
and a relationship between the atomic scale properties and

results of these comparisons and the evaluation of the relative enr-es of macroscopic mechanical response can thus be established.
the microfacets will be discussed.

In this paper we consider interfaces between misoriented crystals,

*This work is supported by the U. S. Department of Energy, BES- i.e. grain boundaries. Their atomic structure is calculated using

Materials Sciences, under contract number DE-AC04-76DP00789. established methods of molecular statics with interatomic forces
described by many-body potentials. The atomic level stresses

C13.2 and elastic constants are then calculated and on their basis the
interfacial residual stresses and elastic moduli evaluated. These

ON THE ATOMIC STRUCTURE OF GRAIN BOUNDARIES quantities are the interfacial properties needed when considering
IN SMALL METALLIC AND BIMETALLIC PARTICLES. the mechanical response, and they are an input into the
Miguet Auato, Robetto Hekndndez, Pabto Sha- formulation of the boundary conditions for the corresponding
bea, A)crando Vdzquez and Mguet continuum calculations.
In.tiato de FZ6ica, Apdo.ZT3t 20364, UNAM.

Using the results of these studies effective elastic properties of bi-

The 6tuctte o6 6mat metattic and bi.me.tattic crystals are deduced. The results are then generalized to

pakti.t6 o Pd, I&, Rh, Ru, Pt and ita at  oy6 properties of bimaterials and composite materials.

a4e 4tud.¢ed u6ing HREM. in patitua the. in
te,nat boundatie-s that ake pzesent in di. e--- This research was supported by the NSF Grant. no. 88-06966 and
tent 6tAucdta46 aAe conisde4ed 6o a numb e 06 the MRL Program Grant DMR85-19059.
metat4. In the aase o bim etatti pa'ttZce4 it
.i dound that t ong pekiod tlHactule6 ake pkodu- C13.5
ced in some ltegionA 06 the pa~tiate. Piiie'cent C1.
mechansma jot the 6okmation o6 twin boundaAt6e ATOMISTIC SIMULATION STUDIES OF INTERFACES L'\ NANOPIiASE

in theete 6tU.acltae6 a.te ds 6cused. COPPER .AND) SILICON. James A. Lupo and Michael J. Sabochick, Dept. of

Engineering Physics, Air Force Institute of Technology, Wright ratterson

C13.3 
AFB, OH 45433.

Nanophase copper and silicon were investigated using atomistic simulation.

STRUCTURE AND PROPERTIES OF THE (110) INVERSION Nanophase materials have very small grains, and thus a significant fraction of

DOMAIN BOUNDARY IN P-SiC. W. R. L. Lambrecht and B. the atoms are surrounded by an interface instead of a crystalline environment.

Segall, Department of Physics, Case Western Reserve University, The simulations employed an embedded-atom method potential for copper,

Cleveland, OH 44106. and a modified Stillinger-\%eber puoetial appropriate for crystalline and

amorphous silicon. Computer "samples" of nanophase material were formed

by compressing together three grains of several hundred atoms each, using
The interface between two domains of #-SIC with inverted C and Fletcher-Powell minimization and external pressures of 0.5, 1.5, and 4.5 GPa.

Si positions is called an Inversion Domain Boundary. It is one of the All copper systems compressed to nearly the density of the perfect crystal,

most frequently occuring planar defects in cubic SiC heteroepitaxn even with 5000-atom (50.OA) grains. Silicon systems containing 105-atorm

ially grown on a Si(001) substrate as a result of monoatomic steps. (7.8A) groins compressed to relative densities o! 66%, 86% and 97% at the

Results of density functional electronic structure and total energy cal- above pressures, as compared to the perfect crystal. Systems with 305-atom

culations using the linear muffin-tin orbital method are presented for (1I1.A) grains compressed to relative densities of 70%, 72% and 75%. Large

the (110) interface. The latter is a symmetry plane of the structure, voids were observed in each case, Plots of atomic positions showed that cry-

This circumtance allow, us to obtain the energy of formation of the stalline order was maintained within the grains up to the interfaces. In other
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words, no highly disordered interfaces were observed. C13 .7
Bulk moduli and thermal expansion coefficients were calculated using molecu- THE ELECTRONIC STRUCTURE OF 15 GRAIN
lar dynamics. Nanophase samples with relative densities near unity had bulk BOUNDARIES IN CU. Er C. Soa and A. Gonis, Lawrence
moduli close to that of the perfect lattice. Samples with relative densities less
than unity showed correspondingly lower bulk moduli. For example, a silicon Livermore National Laboratory, Livermore, CA;* X.-G.
sample at 86% relative density had a bulk modulus 30% lower than the per- Zhang, Northwestern U., Chicago, IL; and S. M. Foiles,
feet lattice bulk modulus. In general, the bulk moduli seemed to be more Sandia National Laboratories Livermore, Livermore, CA.t
affected by voids than by interfaces, even though all atoms are within a
second-nearest neighbor distance of an interface in the 105-atom grain system. We present first-principles calculations of the densities-of-
The thermal expansion coefficients of the nanophase silicon samples were gen- states (DOS's) of unrelaxed and relaxed twist and tilt grain
erally larger than the perfect lattice expansion coefficient, by as much as a fac- boundaries (GB's) in Cu. The relaxed configurations were
tor of two in some cases. Above 600K, the silicon samples showed evidence of obtained through the use of the Embedded Atom Method
annealing, and started to densify. The implications of these results and other ob 1 while the us wee Embedded Atom thod
calculations regarding the structure of interfaces and their effects on bulk pro- (EAM), e the DOS's were calculated using the real-space
perties will be discussed. multiple scattering theory (RS-MST) approach recently

introduced 2 in the literature. The DOS's of GB's are compared
against those of bulk materials as well as against one another.C13.6 Although the RS-MST calculations are still not self-consistent,

THE APPLICATION OF GLANCING ANGLE EXAFS TO STUDY THE these comparisons allow us to verify certain expected trends in
STRUCTURE OF PLATINUM-NICKEL MULTILAYERS. G. N. Lamble, the DOS's, and to verify the usefulness and reliability of our
North Carolina State University, Raleigh, NC 27695-8202, method.
S. M. Heald, Brookhaven National Laboratory, Upton, NY
11973, and B. M. Clemens, University of Stanford, *Supported by US DOE under contract W-7405-ENG-48.
Stanford, CA 94305-2205 t Supported by Director, Office of Energy Research, Office of

Basic Energy Sciences, Materials Science Division of the USRecent reports have correlated the mechanical properties DOE,
of multilayers with a structural expansion of the con- 1. S. M. Foiles, submitted Lo Acta Met.
stituents. The nature of this expansion is under dispute, 2. X.-G. Zhang and A. Gonis, Phys. Rev. Lett. 62, 1161-1164
with conflicting theories by Clemens and easley [1], who
attribute the expansion to an interface effect, and
Huberman and Grimaditch [2), who regard the expansion as a
bulk effect. We apply the technique of glancing angle
EXAFS to obtain detailed structural information, to
appraise the ability of this technique to shed light on
this controversy. We perform glancing angle EXAFS on
platinum-nickel multilayers of varying bilayer thickness.
Measurements are made by fluorescence detection of EXAFS
beyond both the PtLII I and the Ni K edges. Considerable
interlayer mixing is evident, along with the retention of
the bulk metallic character within the layers.

This work was supported by the U.S. Department of Energy,
Division of Materials Sciences, under Contract Nos.
DE-AS05-80ER10742 and DE-AC02-76CH00016.

(11 Bruce M. Clemens and Gary L. Eesley, Phys. Rev. Lett.
61, 2356 (1988).

[21 M. L. Huberman and M. Grimsditch, Phys. Rev. Lett. 62,
1403 (1989).
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SESSION Dl: HETEROEPITAXY: 10:30 D1.6
METAL/SEMICONDUCTORS GROWTH OF EPITAXIAL COSi 2 AND NiSi2 ON

Chairs: T. L. Cheeks and R. W. Fathauer (111), (100), AND (110) Si AT ROOM TEMPERA-
Monday Morning, November 27 TURE, RT. Tung, and F. Schrey, AT&T Bell

Salon C/D (M) Laboratories, Murray Hill, NJ.

8:30 *D,.l 10:45 D1.7
STABILITY OF METAL LAYERS EMBEDDED IN SEMI- FORMATION OF ULTRATHIN NICKEL AND COBALT
CONDUCTORS, J.P. Harbison, T. Sands, C.J. SILICIDES ON Si(Ill) r-X f3--B AT ROOM
Palmstrom, N. Tabatabaie, H.L. Gilchrist, TEMPERATURE, L. Luo, State University of New
L.T. Florez, T.L. Cheeks, R.E. Nahory, W.K. York at Albany, Department of Physics,
Chan, and V.G. Keramidas, Bellcore, Red Albany, NY; G.A. Smith, State University of
Bank, NJ. New York at Albany, Department of Physics,

Albany, NY and GE Corporate Research and
9:00 D1.2 Development Center, Schenectady, NY; Shin

ELECTRICAL AND OPTICAL CHARACTERIZATION OF Hashimoto and W.M. Gibson, State University
MBE GROWN BURIED METAL (Al,Ga)As/NiAI/ of New York at Albany, Department of
(Al,Ga)As DOUBLE SCHOTTKY DIODES, T.L. Physics, Albany, NY.
Cheeks, T. Sands, R. Nahory, J. Harbison, N.
Tabatabaie, H. Gilchrist, and B. Wilkens, 11:00 D1.8
Bellcore, Red Bank, NJ. FORMATION OF HIGH QUALITY Si/CoSi 2/Si DOUBLE

HETERO-STRUCTURES BY SELF-ALIGNED AND TWO
9:15 D1,3 STEP MOLECULAR BEAM EPITAXY, M. Miyao, T.

GROWTH AND CHARACTERIZATION OF GaAs/RARE- Ohshima, N. Nakamura and K. Nakagawa, Hita-
EARTH MONOARSENIDE/GaAs HETEROSTRUCTURES, chi Ltd., Central Research Laboratory,
C.J. Palmstr~m, S. Mounier, T.G. Finstad, N. Tokyo, Japan.
Tabatabaie, S.J. Allen, Jr., T. Sands, T.L.
Cheeks, P.F. Miceli, Bellcore, Red Bank, NJ; 11:15 D1.9
J.G. Zhu, and C.B. Carter, Cornell Univer- GROWTH AND CHARACTERIZATION OF EPITAXIAL
sity, Department of Materials Science and COSi 2 ON Si(100), Jorge R. Jimenez, L.
Engineering, Ithaca, NY. Hsiung, K.V. Ramanathan, K. Rajan, L.J.

Schowalter, Rensselaer Polytechnic Insti-
9:30 DI.4 tute, Center for Integrated Electronics,
EPITAXIAL GROWTH OF MATCHED METALLIC Troy, NY; Shin Hashimoto, State University
ErP 0 .6 As0 .4 LAYERS ON GaAs AND ErP0 .5 Sb0 .5  of New York, Physics Department, Albany, NY;
ON InP IN A MBE SYSTEM, A. Guivarc'h, A. Le R.D. Thompson, B.A. Ek, and S.S. Iyer, IBM
Corre, J. Caulet, B. Guenais, M. Minier, G. T.J. Watson Research Center, Yorktown
Ropars, Centre National d'Etudes des T6l6- Heights, NY.
communications, Lannion, France.

11:30 D1,10
9:45 BREAK EVOLUTION OF STRESS DURING HETEROEPITAXIAL

GROWTH OF NiSi2 ON (001) AND (111) SILICON
10:15 DI.5 SUBSTRATES, H.L. Ho, C.L. Bauer, S. Mahajan,
ANISOTROPIC STRAIN IN THIN EPITAXIAL Carnegie Mellon University, Department of
CoSi 2 (ll0) FILMS GROWN ON Si(ll0), S.M. Metallurgical Engineering and Materials
Yalisove, University of Michigan, Department Science, Pittsburgh, PA; A.G. Milnes, Car-
of Materials Science and Engineering, Ann negie Mellon University, Department of
Arbor, MI; D.J. Eaglesham, and R.T. Tung, Electrical and Computer Engineering, Pitts-
AT&T Bell Laboratories, Murray Hill, NJ. burgh, PA.

*Invited Paper 11:45 DIII
COLUMNAR EPITAXY OF CoSi 2 ON Si(lll), (100),

Short Course M-04, "Optoelectronic and (110), R.W. Fathauer, California In-
Materials, Processes, and Devices," C-20, stitute of Technology, Jet Propulsion Labor-
"Optical Characterization of III-V Semicon- atory, Pasedena, CA; C.W. Nieh, California
ductor Epitaxial Layers," and P-16, Institute of Technology, Materials Science
"Epitaxial Growth of Compound Semicon- Department, Pasadena, CA; Q.F. Xiao and Shin
ductors," may be of interest to symposium Hashimoto, State University of New York at
attendees. Details regarding course dates Albany, Physics Department, Albany, NY.
and instructors are provided in the short
course section of this program.
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SESSION D2: HETEROEPITAXY: METALS. 2:30 D2.
SEMICONDUCTORS. AND INSULATORS A HREM STUDY OF EPITAXIAL FLUORIDE / RARE

Chairs: R. T. Tung and R. F. C. Farrow EARTH / FLUORIDE / GaAs INTERFACES, C.J.
Monday Afternoon, November 27 Chien, Stanford University, Department of

Salon C/D (M) Materials Science and Engineering, Stanford,
CA; R.F.C. Farrow, IBM Almaden Research

1:30 D2.1 Center, San Jose, CA; and J.C. Bravman,
HIGH RESOLUTION X-RAY SCATTERING STUDIES OF Stanford University, Department of Materials
STRAIN IN EPITAXIAL THIN FILMS OF YTTRIUM Science and Engineering, Stanford, CA.
SILICIDE GROWN ON SILICON(ll), L.J.
Martinez-Miranda, University of Pennsyl- 2:45 D2.6
vania, Laboratory for Research on the Struc- INFLUENCE OF OFF-ORIENTED SUBSTRATES ON
ture of Matter, Department of Electrical HETEROEPITAXIAL GROWTH OF (Ca, Sr)F 2 LAYERS
Engineering, Philadelphia, PA; M.P. Siegal, ON Si(100), Tetsuroh Minemura and Junko
University of Pennsylvania, Laboratory for Asano, Hitachi, Ltd., Hitachi Research
Research on the Structure of Matter, Depart- Laboratory, Ibaraki, Japan; Kazuo Tsutsui
ment of Materials Science and Engineering, and Seijiro Furukawa, Tokyo Institute of
Philadelphia, PA; P.A. Heiney, University of Technology, Department of Applied Electron-
Pennsylvania, Laboratory for Research on the ics, Yokohama, Japan.
Structure of Matter, Department of Physics,
Philadelphia, PA; J.J. Santiago-Avilds, 3:00 BREAK
University of Pennsylvania, Laboratory for
Research on the Structure of Matter, Depart- 3:30 D2.7
ment of Electrical Engineering, Philadel- STRAIN IN EPITAXIAL GaAs ON CaF 2/Si(lll),
phia, PA; and W.R. Graham, University of L.J. Schowalter, J.E. Ayers and S.K.
Pennsylvania, Laboratory for Research on the Ghandhi, Rensselaer Polytechnic Institute,
Structure of Matter, Department of Materials Center for Integrated Electronics, Troy, NY;
Science and Engineering, Philadelphia, PA. Shin Hashimoto, W.M. Gibson, State Uni-

versity of New York at Albany, Physics
1:45 D12 Department, Albany, NY; F.K. LeGoues, IBM

SURFACE MORPHOLOGY OF TiSi 2 FORMED FROM UHV T.J. Watson Research Center, Yorktown
DEPOSITED Ti ON Si, Hyeongtaa Jeon, North Heights, NY; and P.A. Claxton, University of
Carolina State University, Department of Sheffield, Dept. of Electronic and Electri-
Materials Science and Engineering, Raleigh, cal Engineering, Sheffield, United Kingdom.
NC; R.J. Nemanich, J.W. Honeycutt and G.A.
Rozgonyi, North Carolina State University, 3:45 D2.8
Department of Physics and Department of EPITAXIAL GROWTH OF (100) GaAs ON SOS USING
Materials Science and Engineering, Raleigh, A SPECIFICALLY DESIGNED MOCVD SYSTEM, T.
NC. Nishimura, K. Kadoiwa, K. Mitsui and T.

Murotani, Mitsubishi Electric Corp., Op-
2:00 D2.3 toelectronic and Microwave Devices R&D Lab.,

EPITAXIAL GROWTH OF TbSi 2 ON Si(lll), F.H. Hyogo, Japan.
Kaatz, Laboratory for Research on the Struc-
ture of Matter and the University of 4:00 D2.9
Pennsylvania, Department of Materials EFFECT OF STOICHIOMETRY ON THE ACTIVATION OF
Science, Philadelphia, PA; J. Van der IMPLANTED Si IN MBE-GROWN GaAs ON Si, T
Spiegel, Laboratory for Research on the Kin and Y.C. Kao, Texas Instruments, Inc.,
Structure of Matter and the University of Central Research Laboratories, Dallas, TX.
Pennsylvania, Department of Electrical
Engineering, Philadelphia, PA; and W.R. 4:15 D21
Graham, Laboratory for Research on the SELECTIVE AREA GROWTH OF GaAs ON Si BY
Structure of Matter and the University of ELECTRON-CYCLOTRON-RESONANCE PLASMA-EXCITED
Pennsylvania, Department of Materials MOLECULAR-BEAM-EPITAXY (ECR-MBE), Tomohirg
Science, Philadelphia, PA. 9hibata, Naoto Kondo, Yasushi Nanishi and

Masatomo Fujimoto, NTT Opto-electronics
2:15 D2.4 Laboratories, Kanagawa, Japan.

GROWTH KINETICS OF Si ON SAPPHIRE BY MBE AS
A FUNCTION OF SUBSTRATE IN-SITU HIGH TEMPER- 4:30 D2.11
ATURE SUBSTRATE ANNEAL, Eliezer Dovid ELECTRICAL PROPERTIES OF MESA DIODES ON
Richmond, Naval Research Laboratory, Wash- EPITAXIAL GaAs/Si, K.L. Jiao, A.J. Soltyka,
ington, DC; Joseph G. Pellegrino, National W-A. Anderson, State University of New York
Institute of Standards and Technology, at Buffalo, Center for Electronic and
Gaithersburg, MD: and Mark E. Twigg, GEO- Electro-optic Materials, Department of
Centers Inc., Fort Washington, MD. Electrical and Computer Engineering,

Amherst, NY; and S.M. Vernon, Spire Corpora-
tion, Bedford, MA.
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4:45 D2.12 11:00 Q4.7
HIGH QUALITY GaAs ON SOI BY MOCVD, N. H. ALTERNATE ROUTES TOWARD MISMATCH ACCOMODA-
Karam, V.E. Haven, S.M. Vernon, Spire TION IN STRAINED-LAYER STRUCTURES, Brian W.
Corporation, Bedford, MA; N.A. El-Masry, Dodson, Sandia National Laboratories, Albu-
North Carolina State University, Raleigh, querque, NM.
NC; and N. Haegel, University of California,
Los Angeles, CA. 11:15 D4.8

A STUDY OF DISLOCATION BENDING PROCESSES AT
SESSION D3: FUTURE DEVELOPMENTS IN STRAINED LAYER INTERFACES, S.A. Hussien,
EPITAXIAL TECHNIOUES AND EQUIPMENT N.A. El-Masr, J.C.L. Tarn, J.-R. Gong, and

Chairs: L.J. Schowalter and J.E. Cunningham S.M. Bedair, North Carolina State Univer-
Monday Evening, November 27 sity, Electrical and Computer Engineering

8:00 p.m. - 10:00 p.m. Department, Raleigh, NC.
Salon C/D (M)

11:30 Q4.9
SESSION D4: GENERAL TOPICS IN STRAINED- DISLOCATION DENSITY REDUCTION IN GaAs EPI-

LAYER EPITAXY LAYERS ON SILICON USING STRAINED LAYER
Chairs: C. P. Flynn and L. B. Freund SUPERLATTICES, S. Sharan, M. Sanganeria, K.

Tuesday Morning, November 28 Jagannadham, and J. Narayan, North Carolina
Salon C/D (M) State University, Department of Materials

Science and Engineering, Raleigh, NC.
8:30 *D4.1

FUNDAMENTAL ISSUES IN HETEROEPITAXY: A DOE 11:45 D4.10
COUNCIL OF MATERIALS SCIENCE PANEL REPORT, THE KINETICS OF STRAIN RELAXATION IN In-
Paul S. Peercy, Sandia National Labora- GaAs/GaAs STRAINED MULTILAYERS, David C.
tories, Albuquerque, NM. Paine and Morgan Kurk, Brown University,

Engineering Department, Providence, RI;
9:00 D4.2 Robert N. Sacks, Timothy C. Eschrich and

THE ROLE OF AN INTERFACE MISFIT DISLOCATION William J. Tanski, United Technologies
IN BLOCKING THE GLIDE OF A THREADING DIS- Research Center, Electronic Material Depart-
LOCATION IN A STRAINED EPITAXIAL LAYER, L.B. ment, East Hartford, CT.
Freund, J.C. Ramirez and A. Bower, Brown
University, Division of Engineering, Provi- SESSION D5: SiGe EPITAXY
dence, RI. Chairs: D. J. Eaglesham and S. M. Prokes

Tuesday Afternoon, November 28
9:15 D4.3 Salon C/D (M)
SURFACE STRESS EFFECTS ON EPITAXY, K.
Sieradzki and R.C. Cammarata, The Johns 1:30 *DS.1
Hopkins University, Department of Materials PROPERTIES AND DEVICE APPLICATIONS OF Si 1_X -
Science and Engineering, Baltimore, MD. Gex ALLOYS, Subramanian S. Iyer, IBM T.J.

Watson Research Center, Research Division,
9:30 D!J.4 Yorktown Heights, NY.

MICRODIFFRACTION FROM CLEAVED Si-SiljxGex
MULTILAYERS, W.T. Pike, Cambridge Univer- 2:00 D.2
sity, Department of Physics, Cavendish THE GROWTH MECHANISM OF EPITAXIAL SiGe
Laboratory, Cambridge, United Kingdom. HETEROSTRUCTURES PRODUCED BY WET OXIDATION

OF AMORPHOUS SiGe THIN FILMS, S.M. Prokes,
9:45 D4.5 U.S. Naval Research Laboratory, Washington,
ELECTRON CHANNELING ANALYSIS OF ELASTIC DC; and A.K. Rai, Universal Energy Systems,
STRAINS IN InGaAs THIN FILMS, R. Keller, W. Inc., Dayton, OH.
Zielinski, W.W. Gerberich, and J.
Kozubowski, University of Minnesota, Depart- 2:15 D5.3
ment of Chemical Engineering and Materials SOLID PHASE EPITAXIAL REGROWTH OF GexSil x
Science, Minneapolis, MN. ON [100) Si, O.Z_ Hong, A.J. Yu, J.W. Mayer,

Cornell University, Department of Materials
10:00 BREAK Science and Engineering, Ithaca, NY; J.M.

Poate, J.C. Bean, and D.J. Eaglesham, AT&T
10:30 *D4.6 Bell Laboratories, Murray Hill, NJ.
GROWTH AND RELAXATION OF STRAINED HETERO-
STRUCTURES, J, Sandia National 2:30 DA
Laboratories, Albuquerque, NM. SOLID PHASE EPITAXIAL REGROWTH OF SiGe

STRAINED LAYERS AMORPHIZED BY ION IMPLANTA-
TION, B.J. Robinson, B.T. Chilton, and D.A.
Thompson, McMaster University, Centre for
Electrophotonic Materials and Devices,
Hamilton, Canada.
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2:45 D5.5 9:00 D6.2
REDUCTION OF DEFECT DENSITY IN HETEROEPITAX- MICROSTRUCTURE OF FCC/BCC METAL MULTILAYERS,
IAL GexSil x GROWN ON PATTERNED Si SUB- Nigel M. Jennett, D.J. Dingley, Bristol
STRATES, E.A. Fitzgerald, P.E. Freeland, University, Department of Physics, Bristol,
Y.-H. Xie, AT&T Bell Laboratories, Murray United Kingdom; and Y. Ando, Nagoya Univer-
Hill, NJ. sity, Department of Applied Physics, Nagoya,

Japan.
3:00 BREAK

9:15 D6.3
3:30 *D5.6 AN INVESTIGATION OF THE DISLOCATION STRUC-

EXPERIMENTAL STUDIES OF KINETIC EFFECTS IN TURE OF THE NI/AG PHASE BOUNDARY, Thomas A.
STRAINED LAYER EPITAXY, R. Hull, and J.C. Bamford, Wilkes College, School of Engineer-
Bean, AT&T Bell Laboratories, Murray Hill, ing and Applied Science, Wilkes-Barre, PA.
NJ.

9:30 D6.4
4:00 D5.7 EPITAXIAL GROWTH OF Cu-Ni SINGLE CRYSTAL

THE 2D-3D TRANSITION IN THE MBE GROWTH OF ALLOYS AND SUPERLATTICES BY MOLECULAR BEAM
Ge/Si, D.J. Eaglesham, and M. Cerullo, AT&T EPITAXY, R.P. Burns, Research Triangle
Bell Laboratories, Murray Hill, NJ. Institute, Research Triangle Park, NC, and

North Carolina State University, Department
4:15 D5.8 of Physics, Raleigh, NC; Y.H. Lee, North

MORPHOLOGY OF GE FILMS GROWN LAYER BY LAYER Carolina State University, Department of
ON SI(001), F.K. LeGoues, M. Copel and R.M. Materials Science and Engineering, Raleigh,
Tromp, IBM T.J. Watson Research Center, NC; N.R. Parikh, University of North
Yorktown Heights, NY. Carolina, Department of Physics and Astrono-

my, Chapel Hill, NC; and J.B. Posthill, M.J.
4:30 D5.9 Mantini, and R.J. Markunas, Research

MISFIT DISLOCATION NUCLEATION AND MULTI- Triangle Institute, Research Triangle Park,
PLICATION AT GexSil-x/Si INTERFACES, D.D. NC.
Perovic, G.C. Weatherly, University of
Toronto, Department of Metallurgy and Mate- 9:45 D6.5
rials Science, Toronto, Canada; and D.C. STRUCTURAL AND ELECTRONIC PROPERTIES OF
Houghton, National Research Council, Di- Pb/Cu MULTILAYERS, Dominique Neerinck,
vision of Physics, Ottawa, Canada. Kristiaan Temst, Hans Vanderstraeten, and

Yvan Bruynseraede, Katholieke Universiteit
4:45 D5J1 Leuven, Laboratorium voor Vaste Stof-Fysika

DISLOCATION BEHAVIOUR IN GexSil x EPILAYERS en Magnetisme, Leuven, Belgium; and Ivan K.
ON (001)Si; E.P. Kvam, The University of Schuller, University of California-San
Liverpool, Department of Materials Science Diego, Physics Department, La Jolla, CA.
and Engineering, Liverpool, United Kingdom;
and Lawrence Berkeley Laboratory, Berkeley, 10:00 BREAK
CA; D.M. Maher, The University of Liverpool,
Department of Materials Science and En- 10:30 D6.6
gineering, Liverpool, United Kingdom; and SURFACE STRESS EFFECTS ON THE ELASTIC MODULI
AT&T Bell Laboratories, Murray Hill, NJ; and OF SUPERLATTICE THIN FILMS, R.C. Cammarata,
C.J. Humphreys, The University of Liverpool, K. Sieradzki, The Johns Hopkins University,
Department of Materials Science and En- Department of Materials Science and En-
gineering, Liverpool, United Kingdom. gineering, Baltimore, MD; and F. Streitz,

The Johns Hopkins University, Department of
SESSION D6: METALLIC SUPERLATTICES Physics and Astronomy, Baltimore, MD.

Chairs: R. C. Cammarata and A. F. Jankowski
Wednesday Morning, November 29 10:45 Q6.7

Salon C/D (M) ANALYSIS OF Au/Ni MULTILAYERS BY X-RAY
DIFFRACTION, J. Chaudhuri, S. Shah, V.

8:30 "Q6.1 Gondhalekar, Wichita State University, The
METASTABILITY IN SINGLE CRYSTAL EPILAYERS Institute for Aviation Research, Mechanical
AND SUPERLATTICES GROWN BY MBE, R. Du and Engineering Department, Wichita, KS; and
C.P. Flynn, University of Illinois at A.F. Jankowski, University of California,
Urbana-Champaign, Materials Research Labora- Lawrence Livermore National Laboratory,
tory and Department of Physics, Urbana, IL. Livermore, CA.
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11:00 D6.8 2:30 D7.3
ELASTIC PROPERTIES OF FCC-FCC METALLIC X-RAY DIFFRACTION STUDY OF InAlAs-InGaAs ON
MULTILAYERS, John R. Dutcher, Sukmock Lee, InP HIGH ELECTRON MOBILITY TRANSISTOR STRUC-
Jeha Kim, Craig D. England, George I. TURE PREPARED BY MOLECULAR-BEAM EPITAXY,
Stegeman and Charles M. Falco, University of H.Y. Liu, Y.C. Kao and T.S. Kim, Texas
Arizona, Optical Sciences Center and Depart- Instruments, Inc., Central Research Labora-
ment of Physics, Tucson, AZ. tories, Dallas, TX.

11:15 D6.9 2:45 D7.4
EPITAXIAL Fe/Ag AND Mn/Ag SUPERLATTICES, S. STRUCTURAL AND ELECTRONIC PROPERTIES OF
Nahm, and L. Salamanca-Young, University of GaAs/InGaAs/GaAs HETEROSTRUCTURES, J.M.
Maryland, Department of Chemical and Nuclear Bonar, R. Hull, R.J. Malik, and R.W. Ryan,
Engineering, College Park, MD; and B.T. AT&T Bell Laboratories, Murray Hill, NJ; and
Jonker, J.J. Krebs, and G.A. Prinz, Naval J.F. Walker, Laboratorio TASC, Trieste,
Resarch Laboratory, Washington, DC. Italy.

11:30 D6.10 3:00 BREAK
GROWTH AND CHARACTERIZATION OF (Mn/Ag) (001)
SUPERLATTICES, B.T. Jonker, Y.U. Idzerda, 3:30 D7.5
J.J. Krebs, and G.A. Prinz, Naval Research FIELD EFFECT TRANSISTOR STRUCTURE BASED ON
Laboratory, Washington, DC. STRAIN INDUCED POLARIZATION CHARGES, D.L.

Smith, Los Alamos National Laboratory, Los
11:45 D6.11 Alamos, NM; R.T. Collins, T.F. Kuech, IBM
FORMATION AND STRUCTURE OF Mo THIN LAYERS ON T.J. Watson Research Center, Yorktown
Ni(001) AND Mo-Ni SUPERLATTICES, Y.H. Lee, Heights, NY; C. Mailhiot, Xerox Webster
North Carolina State University, Department Research Center, Webster, NY.
of Materials Science and Engineering,
Raleigh, NC; R.P. Burns, Research Triangle 3:45 D7.6
Institute, Research Triangle Park, NC, and THE EFFECT OF INDIUM DEPLETION ON THE COM-
North Carolina State University, Department POSITION OF OMVPE GROWN GaAs, P.D. Agnello,
of Materials Science and Engineering, IBM T.J. Watson Research Center, Yorktown
Raleigh, NC; J.B. Posthill, M.J. Mantini, Heights, NY; P.B. Chinoy and S.K. Ghandhi,
R.J. Markunas, Research Triangle Institute, Rensselaer Polytechnic Institute, Troy, NY.
Research Triangle Park, NC; and K.J.
Bachmann, North Carolina State University, 4:00 D7.7
Department of Materials Science and En- HETEROJUNCTION STUDY OF Ga0 .gIn0 .1 As(p+)/
gineering, Raleigh, NC. GaAs(n) DIODES: CORRELATION OF ELECTRICAL

AND STRUCTURAL CHARACTERISTICS, Y.W. Choi,
SESSION D7: III-V (Al C.R. Wie, State University of New York at

Chairs: C. Tu and W. Wang Buffalo, Department of Electrical and Com-
Wednesday Afternoon, November 29 puter Engineering and Center for Electronic

Salon C/D (M) and Electrooptic Materials, Amherst, NY;
K.R. Evans and C.E. Stutz, Wright-Peterson

1:30 *D7.1 Air Force Base, OH.
MATERIALS AND DEVICE PROPERTIES OF LATTICE-
MATCHED AND PSEUDOMORPHIC InP BASED HETERO- 4:15 D7.8
STRUCTURES, Umesh K. Mishra, North Carolina SURFACE CROSS-HATCHED MORPHOLOGY ON STRAINED
State University, Department of Electrical III-V SEMICONDUCTOR HETEROSTRUCTURES, K.H.
and Computer Engineering, Raleigh, NC; and Chan , D. Srolovitz, R. Gibala, University
April S. Brown, Cornell University, Ithaca, of Michigan, Department of Materials Science
NY. and Engineering, Ann Arbor, MI; P.K. Bhat-

tacharya, University of Michigan, Department
2:00 D7.2 of Electrical Engineering and Computer
MATERIALS AND DEVICE CHARACTERISTICS OF Science, Ann Arbor, MI; and J.F. Mansfield,
PSEUDOMORPHIC AIGaAs-InGaAs-GaAs AND AllnAs- University of Michigan, Electron Microbeam
InGaAs-InP HIGH ELECTRON MOBILITY TRANSIS- Analysis Laboratory, Ann Arbor, MI.
TORS, J.M. Ballingall, Pin Ho, G.J. Tessmer,
P.A. Martin, T. H. Yu, P.C. Chao, P.M. Smith 4:30 D7.9
and K.G.H. Duh, General Electric Company, THERMAL STABILITY OF STRAINED InGaAs/GaAs
Electronics Laboratory, Syracuse, NY. SINGLE QUANTUM WELLS, B. Elman, Emil S.

Koteles, P. Melman, C.A. Armiento and C.
Jagannath, GTE Laboratories, Inc., Waltham,
MA.
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4:45 D)7.10 11:00 D8.7
APPLICATION OF GaAs-AlGaAs SUPERLATTICE KINETICS OF QUANTUM WIRE GROWTH ON VICINAL
STRUCTURE FOR FABRICATING HIGH BREAKDOWN SURFACES, K.J. Hugill, S. Clarke, D.D.
VOLTAGE POWER MISFET, W L, W.S. Lour, Vvedensky, and B.A. Joyce, Imperial College,
R.L. Wang and W.C. Hsu, National Cheng Kung The Blackett Laboratory and Semiconductor
University, Department of Electrical En- Materials IRC, London, United Kingdom.
gineering, Tainan, Taiwan, China.

11:15 D
SESSION D8: III-V (Bi LIQUID PHASE ELECTROEPITAXIAL (LPEE) GROWTH

Chairs: A. C. Gossard and C. Fonstead OF GaSb AND InGaAsSb, Shanthi N. Iver, Ali
Thursday Morning, November 30 Abul-Fadl, North Carolina A&T State Univer-

Salon C/D (M) sity, Department of Electrical Engineering,
Greensboro, NC; Albert T. Macrander, AT&T

8:30 *D Bell Laboratories, Murray Hill, NJ; Jonathan
RESONANT TUNNELING TRANSISTORS AND QUANTUM H. Lewis and W. J. Collis, North Carolina
EFFECT DEVICES, Federico Cavasso, AT&T Bell A&T State University, Department of Electri-
Laboratories, Murray Hill, NJ. cal Engineering, Greensboro, NC.

9:00 *D2 11:30 D8.9
DIFFRACTION STUDIES OF THE GROWTH OF ENERGETICS AND RELAXATIONS OF ADATOM, DOPANT
STRAINED EPITAXIAL FILMS, G.J. Whaley and AND VACANCY RELATED COMPLEXES ON NORMAL AND
P.I. Cohen, University of Minnesota, Depart- STRAINED GaAs (001) SURFACE, S.B. Ogale,
ment of Electrical Engineering, Minneapolis, University of Southern California, Depart-
MN. ments of Materials Science and Physics, Los

Angeles, CA; and University of Poona,
9:30 D8.3 Department of Physics, Pune, India; A,

EFFECTS OF SUBSTRATE MISORIENTATION AND THE Madhukar, University of Southern California,
GROWTH MECHANISM OF Si DOPED GaAs GROWN ON Departments of Materials Science and Phys-
(111) A SUBSTRATE BY MBE, Y.Q ian, H. Seto, ics, Los Angeles, CA; and R. Vishwanathan,
M. Shigeta, S. Nishine, I. Fujimoto, ATR University of Poona, Department of Physics,
Optical and Radio Communications Research Pune, India.
Laboratories, Kyoto, Japan; and T. Suzuki,
Science and Technical Research Laboratories 11:45 D8.10
of NHK, Tokyo, Japan. PULSED LASER ATOM PROBE ANALYSIS OF III-V

COMPOUND SEMICONDUCTOR EPILAYERS, Ross A.D.
9:45 D8.4 MfAckenzie, J. Alex Liddle, Chris R.M.
ORDERED TERNARY ALLOYS BY ATOMIC LAYER Grovenor and Alfred Cerezo, Oxford Univer-
EPITAXY, B.T. McDermott, K.G. Reid, A. Dip, sity, Department of Metallurgy and Science
N.A. El-Masry, S.M. Bedair, North Carolina of Materials, Oxford, United Kingdom.
State University, Electrical and Computer
Engineering Department, Raleigh, NC; W. SESSION DS: (CONT.) III-V (B)
Duncan, Texas Instruments, Dallas, TX; X. Chairs: A. C. Gossard and C. Fonstead
Yin and F.H. Pollak, Brooklyn College of Thursday Afternoon, November 30
CUNY, Department of Physics, Brooklyn, NY. Salon C/D (M)

10:00 BREAK 1:30 D8,1
THE INTERACTION OF TRIMETHYLGALLIUM WITH

10:30 D8. CLEAN AND ADSORBATE COVERED SI(100) SUB-
InAs AND InGaAs GROWTH BY CHLORIDE ATOMIC STRATES, T.R. Gow, R. Lin, L.A. Cadwell, F.
LAYER EPITAXY, H. Shimawaki, NEC Corp., Lee, R.I. Masel, University of Illinois,
Microelectronics Research Laboratories, Urbana, IL.
Kawasaki, Japan; Y. Kato and A. Usui, NEC
Corporation, Fundamental Research Labora- 1:45 D8.12
tories, Ibaraki, Japan. THERMAL DISORDERING OF MODULATION-DOPED

AlAs/GaAs SUPERLATTICE, Kunihiko Hara,
10:45 D8.6 Hiroshi Ito, Shinya Ohmi and Takamasa
ELECTRICAL AND MATERIAL CHARACTERIZATION OF Suzuki, Nippondenso Company, Ltd., Aichi-
THE STABILITY OF ALGAAS AND INGAAS PLANAR Ken, Japan.
DOPED STRUCTURES, Larry P. Sadwick, Univer-
sity of Utah, Department of Electrical
Engineering, Salt Lake City, UT; and Dwight
C. Streit, TRW Electronic Systems Group,
Redondo Beach, CA.
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SESSION D9: SMALL ANGLE X-RAY 4:30 *D9.8
CHARACTERIZATION AND AMORPHOUS LAYERS METASTABLE ELECTRONIC EFFECTS IN AMORPHOUS
Chairs: P. Persans and J. Kakalios SUPERLATTICES, J. Kakalios, University of
Thursday Afternoon, November 30 Minnesota, School of Physics and Astronomy,

Salon C/D (M) Physics Department, Minneapolis, MN.

2:00 *D9.1 SESSION DI0: POSTER SESSION
STRUCTURAL STABILITY OF AMORPHOUS SEMICON- Chairs: F. Pollak and B. W. Dodson
DUCTOR SUPERLATTICES, Peter D. Persans, Thursday Evening, November 30
Rensselaer Polytechnic Institute, Physics 7:00 p.m. - 10:00 p.m.
Department, Troy, NY; A.F. Ruppert, B. America Ballroom (W)
Abeles, Exxon Research and Engineering
Company, Annandale, NJ; Y.-J. Wu and V. D1.1 SILICIDE FORMATION AND THERMAL
Pantojas, Rensselaer Polytechnic Institute, STABILITY OF Ni/Si/GaAs INTERFACES, Y.
Physics Department, Troy, NY. Yamamoto, K. Ishibashi, Hosei University,

Research Center of Ion Beam Technology,
2:30 Q9. 2  Tokyo, Japan; S. Suzuki, Advanced Materials

A SYSTEMATIC METHOD FOR EXTRACTING STRUC- Laboratory, Inc., Saitama, Japan; T.E. Shim,
TURAL PARAMETERS FROM LOW ANGLE X-RAY RE- Samsung Electronics, R&D Center, Semiconduc-
FLECTIVITY MEASUREMENTS ON MULTILAYERS, L.M. tor Business, Seoul, Korea; and Waseda Uni-
Goldman, Harvard University, Division of versity, Tokyo, Japan.
Applied Sciences, Cambridge, MA; H.A.
Atwater, California Institute of Technology, D10.2 EPITAXIAL GROWTH OF METALLIC
Thomas J. Watson Laboratory of Applied LAYERS BY SOLID PHASE INTERDIFFUSION: STUDY
Physics, Pasadena, CA; and F. Spaepen, OF THE Ni/GaAs AND Ni/AlAs SYSTEMS, R.
Harvard University, Division of Applied Gurin, and S. Deputier, Campus de Beaulieu,
Sciences, Cambridge, MA. Laboratoire de Chimie Min~rale B, Rennes,

France; J. Caulet, M. Minier, A. Poudoulec,
2:45 D9.3 Y. Ballini, V. Durel, G. Dupas, A.

DETERMINATION OF 3-DIMENSIONAL DEFECT STRUC- Guivarc'h, Centre National d'Etudes des
TURES IN GALLIUM ARSENIDE EPILAYERS ON Telecommunications, LAB/OCM/MPA, Lannion,
SILICON USING WHITE BEAM SYNCHROTRON RADIA- France.
TION TOPOGRAPHY IN BOTH TRANSMISSION GEOME-
TRY AND GRAZING BRAGG-LAUE GEOMETRY, N,. D0.3 LATTICE DISTORTION OF SINGLE-CRYS-
Dudley, J. Wu, G.-D. Yao, State University TAL CoSi 2 COLUMNS EMBEDDED IN SINGLE-CRYSTAL
of New York, Stony Brook, Department of SILICON, Shin Hashimoto, Q.F. Xiao, W.M.
Materials Science and Engineering, Stony Gibson, State University of New York at
Brook, NY; H.-Y. Liu and Y.C. Kao, Texas In- Albany, Physics Department, Albany, NY; C.W.
struments, Materials Science Laboratory, Nieh, California Institute of Technology,
Dallas, TX. Materials Science Department, Pasadena, CA;

and R.W. Fathauer, California Institute of
3:00 D9.4 Technology, Jet Propulsion Laboratory,

CHARACTERIZATION OF METAL/SEMICONDUCTOR Pasadena, CA.
MULTILAYERS BY RAMAN SPECTROSCOPY AND X-RAY
DIFFRACTION, David D. Allred and Qi Wang, D10.4 STABILITY OF THE ELECTRICAL PROPER-
Brigham Young University, Department of TIES OF PT-GA INTERMETALLICS ON ANNEALING
Physics and Astronomy, Provo, UT. CONDITIONS, Larry P. Sadwick, University of

Utah, Department of Electrical Engineering,
3:15 BREAK Salt Lake City, UT; and Young K. Kim, Delroy

Baugh, and R. Stanley Williams, UCLA,
3:45 Q9.5 Department of Chemistry and Biochemistry,
(ABSTRACT WITHDRAWN) Los Angeles, CA.

4:00 D9.6 D10.5 CHARACTERIZATION OF ErAs/GaAs AND
STRUCTURAL STABILITY OF HEAT TREATED W/B 4C GaAs/ErAs/GaAs STRUCTURES, Jane G. Zhu,
MULTILAYERS, A.F. Jankowski, Lawrence Liver- Cornell University, Department of Materials
more National Laboratory, Chemistry and Science and Engineering, Ithaca, NY; Chris
Materials Science Department, Livermore, CA. J. Palmstrom, Suzanne Mounier, Bellcore, Red

Bank, NJ; and C. Barry Carter, Cornell
4:15 Q9.7 University, Department of Materials Science

MULTILAYERED METALLIC THIN FILMS PREPARED BY and Engineering, Ithaca, NY.
DUAL-BATH ELECTRODEPOSITION, C.A. Ross, L.M.
Goldman and F. Spaepen, Harvard University,
Division of Applied Sciences, Cambridge, MA.
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D10.6 SILICON CONSUMPTION DURING SELF- D10,1 SOLID PHASE EPITAXIAL GROWTH OF II-
ALIGNED TITANIUM SILICIDE FORMATION ON A FLUORIDES ON InP BY IN-SITU RAPID ISOTHER-
SHALLOW JUNCTION, P.L. Smith, Microelec- MAL PROCESSING, ,inh, F. Radpour, A.
tronics Center of North Carolina, Research Kumar, R.P.S. Thakur, University of Ok-
Triangle Park, NC; and C.M. Osburn, North lahoma, Department of Electrical Engineering
Carolina State University, Department of and Computer Science, Norman, OK; J.
Electrical and Computer Engineering, Narayan, and A.R. Srivatsa, North Carolina
Raleigh, NC, and Microelectronics Center of State University, Department of Materials
North Carolina, Research Triangle Park, NC. Science, Raleigh, NC; A.J. Nelson and H.S.

Ullal, Solar Energy Research Institute,
D10.7 PREFERENTIAL GROWTH OF CoSi2  IN Golden, CO.
Co/Si SOLID STATE INTERACTION, Liu Ping,
Hong Fen, Li Bingzong, Fudan University, 110.14 STRAIN-CONTROLED HIGH MOBILITY IN
Department of Electronic Engineering, Shan- MODULATION DOPED Si0. 5 Ge0. 5 /Ge/Si.xGX
ghai, China; and Shen Xiaoliang, Fudan HETERO-STRUCTURES, &, MJiao, E. Murakami, H.
University, Center of Analyses and Measure- Etoh and K. Nakagawa, Hitachi Ltd., Central
ments, Shanghai, China. Research Laboratory, Tokyo, Japan.

D10.8 EPITAXIAL GROWTH OF IrSi 3  ON D10.15 STRUCTURAL CHARACTERIZATIONS OF
Si(lll), T.L Lin, California Institute of SYMMETRICALLY STRAINED GemSin SUPERLATTICES,
Technology, Jet Propulsion Laboratory, R.C. Bowman Jr., and P.M. Adams, The Aero-
Pasadena, CA; C.W. Nieh, California Insti- space Corporation, Los Angeles, CA; C.C.
tute of Technology, Keck Laboratory of Ahn, California Institute of Technology,
Engineering, Pasadena, CA; Shin Hashimoto Keck Laboratory, Pasadena, CA; S.J. Chang,
and Q.F. Xiao, State University of New York V. Arbet and K.L. Wang, University of Cali-
at Albany, Physics Department and Institute fornia, Electrical Engineering Department,
for Particle-Solid Interaction, Albany, NY. Los Angeles, CA.

D10.9 BORON r3x Jr INTERFACE STRUCTURE ON D10.16 PLASTIC FLOW IN Si/Ge QUANTUM WELL
Si(lll): TWO-DIMENSIONAL ORDERED DOPING STRUCTURES, Mark E. Twigg, GEO-Centers,
LAYER, R.L. Headrick, L.C. Feldman, I.K. Inc., Fort Washington, MD; and D.J. Godbey,
Robinson, E. Vlieg, A.F.J. Levi, H.S. Naval Research Laboratory, Washington, DC.
Luftman and J. Kovalchick, AT&T Bell Labora-
tories, Murray Hill, NJ. D10.17 THERMAL STABILITY OF Si/Si0 .8 5-

Ge0 .1 5 /Si MODULATION DOPED DOUBLE HETERO-
DI0.IQ EPITAXIAL GROWTH OF (001) Cr ON STRUCTURES, P.J. Wang, B.S. Meyerson, P.M.
(001) LiF, J. Mattson, Northwestern Univer- Fahey, F. LeGoues, C.J. Scilla and J.M.
sity, Dep-rtment of Physics, Evanston, IL Cotte, IBM T.J. Watson Research Center,
and MSD Argonne National Labtratory, Ar- Yorktown Heights, NY.
gonne, IL; B. Brodsky, MSD Argonne National
Laboratory, Argonne, IL; and J.B. Ketterson, DI0.18 EPITAXY OF SimGen ATOMIC LAYER
Northwestern University, Department of SUPERLATTICES, J. -M. Baribeau, D.J.
Physics, Evanston, IL. Lockwood, M.W.C. Dharma-wardana, D.C.

Houghton and N.L. Rowell, National Research
D1O.11 THE GERMANIUM GROWTH MECHANISM ON Council Canada, Division of Physics, Ottawa,
(1102) SAPPHIRE DEPOSITED BY MOLECULAR BEAM Canada.
EPITAXY, David J. Godbey, Mark E. Twigg,
Geoff. P. Malafsky, and Syed B. Qadri, Naval D10,19 MAGNETIC AFTEREFFECT IN COMPOSI-
Research Laboratory, Washington, DC. TIONALLY-MODULATED Ni/Cu MULTILAYERS PRE-

PARED BY ELECTRODEPOSTION AND BY SPUTTERING,
010.12 RAPID HETEROEPITAXIAL GROWTH OF Ge L.H. Bennett, L.J. Swartzendruber, National
FILMS BY PULSED SUPERSONIC FREE JET CHEMICAL Institute of Standards and Technology,
BEAM EPITAXY, D, D.H. Lowndes, J.Z. Gaithersburg, MD; and W. Abdul-Razzaq, West
Tischler, T.E. Haynes and M.F. Chisholm, Oak Virginia University, Morgantown, WV.
Ridge National Laboratory, Solid State
Division, Oak Ridge, TN. f)10.20 THE KINETICS OF SI_,Gex/Si RELAXA-

TION USING LARGE AREA DISLOCATION IMAGING
TECHNIQUES, D).C. Houghton, P. Timbrell and
J.-M. Baribeau, National Research Council of
Canada, Ottawa, Canada.

D210.21 STRUCTURAL PROPERTIES AND THERMAL
EVOLUTION OF Fe/Ti MULTILAYERS, B. Rodmacq,
J. Hillairet, J. Laugier, and A. Chamberod,
CEN-Grenoble, DRF/SPH/MP, Grenoble, France.
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D10.22 Ge TRANSPORT AND EPITAXY IN THE DI0.31 ANISOTROPIC TRANSPORT IN In-
AMORPHOUS-Ge/Pd2 Si/[IIl] Si SYSTEM, Q.Z. GaAs/GaAs HETEROSTRUCTURES GROWN BY MOVPE,
Hong, J.G. Zhu, and J.W. Mayer, Cornell Qing Sun, 0. Morris, C. Lacelle, and A.P.
University, Department of Materials Science Roth, LMS, NRC, Ottawa, Canada.
and Engineering, Ithaca, NY.

210.2 STRAINED InGaAs/GaAs QUANTUM WELLS
D10.23 MODEL FOR EPITAXIAL GROWTH OF CO ON WITH A 1.3 4m BANDEDGE AT ROOM TEMPERATURE,
CU(100), D.D. Vvedensky, and S. Clarke, P. Melman, B. Elman, C. Jagannath, Emil S.
Imperial College, The Blackett Laboratory Koteles, A. Silletti, GTE Laboratories,
and Semiconductor Materials IRC, London, Inc., Waltham, MA.
United Kingdom.

D10,33 A STABLE n-CHANNEL InP METAL-IN-
D0.24 MAGNETIC PROPERTIES OF TbFeCo/AI SULATOR FIELD EFFECT TRANSISTOR WITH AN
MULTILAYER THIN FILMS, B.D. Yan, J.A. AMORPHOUS Si:H GATE, E. Roditi, Foundation
Barnard, M.H. Kim, and G.W. Warren, The for Research and Technology-Hellas, Herak-
University of Alabama, Department of Metal- lio, Greece; A.A. Iliadis, University of
lurgical and Materials Engineering, Tus- Maryland, Electrical Engineering Department,
caloosa, AL. College Park, MD; and A. Christou, Naval

Research Laboratory, Washington, DC.
D10.25 DEPENDENCE OF Mo/Si MULTILAYER
MORPHOLOGY ON DEPOSITION ANGLE, Yuanda I1034 LATTICE MISMATCH EFFECTS IN GaAsP/
Chena, Mary Beth Stearns and David J. Smith, GaAs AND GaAs/GaAsP/GaAs HETEROSTRUCTURES,
Arizona State University, Department of Y.WL Choi, C.R. Wie, State University of New
Physics, Tempe, AZ. York at Buffalo, Department of Electrical

and Computer Engineering and Center for
D10.26 EFFECT OF SUBSTRATE MISORIENTATION Electronic and Electrooptic Materials,
ON HETEROEPITAXY WITH LARGE LATTICE MIS- Amherst, NY; and S.M. Vernon, Spire Corpora-
MATCH: Ag/Si(ll), D.C. McKenna, K.-H. Park, tion, Bedford, MA.
G.-C. Wang, Rensselaer Polytechnic In-
stitute, Physics Department, Troy, NY; and Q10.35 A TEM AND RHEED INVESTIGATION OF
G.A. Smith, State University of New York, THE INITIAL STAGES OF InSb GROWTH ON
Albany, Department of Physics, Albany, NY. GaAs(001) BY MOLECULAR BEAM EPITAXY (MBE),

X. Zhan, A.E. Staton-Bevan, D.W. Pashley,
D10,27 X-RAY DIFFRACTION STUDIES OF PSEU- Imperial College of Science, Technology and
DOMORPHIC a-GexSn(l-^x) ON InSb(001), W. Medicine, Department of Materials, London,
Lowe, E. Fitzgerald, P. Freeland, M. Asom United Kingdom; S.D. Parker, R.L. Williams
and R. MacHarrie Jr., AT&T Bell Labora- and R. Droopad, Imperial College of Science,
tories, Murray Hill, NJ. Technology and Medicine, Department of

Physics, London, United Kingdom.
D10.28 THERMODYNAMIC PHASE STABILITY ON
GaAs OF INTERMETALLIC THIN FILMS OF CoGa Q10.36 HETEROEPITAXIAL GROWTH OF InP ON
WITH A LARGE RANGE OF COMPOSITIONS, Young K. GaAs WITH INTERFACE LAYER GROWN BY FLOW-
Kim, Delroy Baugh and R. Stanley Williams, RATED MODULATION EPITAXY, W.K. Chen, J.F.
UCLA, Department of Chemistry and Biochemis- Chen, J.C. Chen, H.M. Kim, L. Anthony, C.R.
try and Solid State Science Center, Los Wie, and P.L. Liu, State University of New
Angeles, CA. York at Buffalo, Department of Electrical

and Computer Engineering, Amherst, NY.
D10.29 X-RAY TOPOGRAPHIC ANALYSIS OF
STRAIN FIELDS DUE TO MICRON-SIZED GRATINGS D10.37 STRAIN AND LAaTICE-MISMATCH IN
ON Si(100) AND A1 20 3 (1120) SURFACES, A. (001) AND (111) GaInAs/GaAs STRAINED LAYER
Peter Jardine, Michael Dudley, Gong-Da Yao SUPERLATTICES, H.M. Kim and C.R. Wie, State
and Lalita A. Balasubramanian, State Univer- University of New York at Buffalo, Depart-
sity of New York, Stony Brook, Department of ment of Electrical and Computer Engineering,
Materials Science and Engineering, Stony Amherst, NY; and C.G. Fonstad, Massachusetts
Brook, NY. Institute of Technology, Cambridge, MA.

D10.30 FORMATION OF BURIED AND SURFACE D0.38 RAPID GROWTH OF THICK, IC QUALITY,
CoSi 2 LAYERS BY ION IMPLANTATION, M.F. Wu, GaAs LAYERS FROM A FLOWING SOLUTION, E.E.
Peking University, Technical Physics Depart- Crisman, J.T. Daly, H.J. Gerritsen, C.
ment, Beijing, China; A. Vantomme, g. Roberts, and D. Schaafsma, Brown University
Ingouche, IKS University of Leuven, Leuven, Department of Physics, Providence, RI.
Belgium; K. Maex, J. Vanhellemont, IMEC,
Leuven, Belgium; J. Vanacken, H. Vloeberghs
and Y. Bruynseraede, VSM, University of
Leuven, Physics Department, Leuven, Belgium.
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D10.39 METAL-ORGANIC CHEMICAL VAPOR DEPO- 0 CHARACTERIZATIG.N OF MODULATION
SITION OF InP BY PULSING PRECURSORS, W.K. DOPED PSEUDOMORPHIC AiGaAs/InGaAs/GaAs HEMT
Chen, J.C. Chen, L. Anthony, and P.L. Liu, STRUCTURES BY ELECTRON BEAM ELECTROREFLEC-
State University of New York at Buffalo, TANCE AND PHOTOLUMINESCENCE, M.H. Herman,
Department of Electrical and Computer En- and I.D. Ward, Charles Evans and Associates,
gineering, Amherst, NY. Redwood City, CA; R. Kopf, and S.J. Pearton,

AT&T Bell Laboratories, Murray Hill, NJ; and
DI0.40 METALORGANIC MAGNETRON SPUTTER E.D. Jones, Sandia National Laboratories,
DEPOSITION (MOMS) OF InxGal-xSb ON Albuquerque, NM.
(100)GaAs, R. Rousina, J.P. Noad, and J.B.
Webb, National Research Council of Canada, D1I.47 A NEW OXYGEN PLASMA SOURCE FOR "IN-
Laboratory for Microstructural Sciences, SITU" GROWTH OF YBaCuO MOLECULAR BEAM EPI-
Department of Physics, Ottawa, Canada. TAXY LAYERS, M. Touzeau, D. Pagnon, Lab. de

Phys des Plasmas, Parix XI, Orsay, France;
D10.41 CRITICAL THICKNESS OF GaAs/InGaAs P. Luzeau, A. Barski, ISA Riber, Rueil-
AND AlGaAs/GaAsP QUANTUM WELLS GROWN BY OR- Malmaison, France; A. Schuhl, R. Cabanel, S.
GANOMETALLIC CHEMICAL VAPOR DEPOSTION, Dan Koch, J.P. Hirtz and G. Creuset, Thomson
Bertolet, Jung-Kuei Hsu, and Kei May Lau, CSF, Orsay, France.
University of Massachusetts, Department of
E.C.E., Amherst, MA; and Emil S. Koteles, D10,48 GROWTH AND CHARACTERIZATION OF a-
GTE Laboratories Inc., Waltham, MA. GeXSnl- X HETEROEPITAXIAL ALLOYS ON (001)

InSb, E.A. Fitzaerald, P.E. Freeland, M.T.
D10,42 OPTICAL SPECTROSCOPY OF 2D ELEC- Asom, W. Lowe, R. MacHarrie Jr., A.R.
TRONS CONFINED AT A GaAs/AlGaAs HETEROINTER- Kortan, F.A. Thiel, L. Cooper, G.A. Thomas,
FACE IN A TRANSVERSE ELECTRIC FIELD, O.X. K.A. Jackson, B.E. Weir and L.C. Kimerling,
Zhao, P. Bergman, B. Monemar, Link6ping AT&T Bell Laboratories, Murray Hill, NJ.
University, Department of Physics and Mea-
surement Technology, Linkoping, Sweden; P.O. 010.49 ELECTRODEPOSITED CERAMIC SUPERLAT-
Holtz, Linkdping University, Department of TICES, Jay A. Switzer, Michael J. Shane and
Physics and Measurement Technology, Link6p- Richard J. Phillips, University of Pitts-
ing, Sweden and University of California at burgh, Department of Materials Science and
Santa Barbara, Department of Electrical and Engineering, Pittsburgh, PA.
Computer Engineering, Santa B, - a, CA; C.
Hallin, Link6ping University, nepartment of D1.50 THERMAL STRAIN AND PHOTOLUMINES-
Physics and Measurement Te ,n-,Iogy, Link6p- CENCE STUDY OF ALMOST LATTICE-MATCHED
ing, Sweden; M. Sundaram, J.L. Merz and A.C. INuGal-uASl-vPv EPITAXIAL FILMS GROWN ON InP
Gossard, University of California, Santa SUBSTRATE, G. Bai, M-A. Nicolet, T. Vreeland
Barbara, Department of Electrical and Com- Jr., California Institute of Technology,
puter Engineering, Santa Barbara, CA. Pasadena, CA; S.-J. Kim, R.G. Sobers, J.W.

Lee, M. Brelvi, P.M. Thomas and D.P. Wilt,
I210.43 HOT-CARRIER EFFECTS ON OPTICAL AT&T Bell Laboratories, Murray Hill, NJ.

PROPERTIES OF GaAs/AlxGal-xAS QUANTUM WELLS,
W.M Chert, B. Monemar, P.O. Holtz, Link~ping SESSION D11: OPTICAL CHARACTERIZATION OF
UniVersity, Department of Physics and Mea- STRAINED LAYERS. OUANTUM WELLS AND
surement Technology, Linkbping, Sweden; M. SUPERLATTICES
Sundaram, J.L. Merz and A.C. Gossard, Chairs: D. J. Glembocki and E. Koteles
University of California, Santa Barbara, Friday Morning, December 1
Department of Electrical and Computer En- Salon C/D (M)
gineering, Santa Barbara, CA.

8:30 *D1.1
DI044 APPLICATION OF AN ULTRHIGH RESOLU- STRAIN AND STRUCTURALLY INDUCED OPTICAL
TION SPECTROMETER TO THE ANALYSIS OF PHONONS TRANSITIONS IN EPITAXIAL SEMICONDUCTORS,
AND PHOTONS IN SOLIDS, J.L. Stehle, and P. Thomas P. Pearsall, AT&T Bell Laboratories,
Evrard, SOPRA, Bois-Colombes, France; and Murray Hill, NJ.
L.C. Hammond, and J.N. Willis, ARIES/QEI,
Concord, MA. 9:00 DII2

STRAIN-INDUCED PHOTOLUMINESCENCE IN Si/Ge
D10.45 EFFECT OF ANNEALING ON STRAINED SUPERLATTICES, G.F.A. van de Walle, E.A.
IrGaAs/GaAs QUANTUM WELLS, Emil S. Koteles, Montie, D.J. Gravesteijn, and A.A. van
B. Elman, P. Melman and C.A. Armiento, GTE Gorkum, Philips Research Laboratories,
Laboratories, Inc., Waltham, MA. Eindhoven, The Netherlands.
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9:15 D11.3 11:15 D11,9

PHOTOLUMINESCENCE EXCITATION SPECTROSCOPY OF ELECTRIC FIELD EFFECTS ON THE OPTICAL PROP-
STRAINED InGaAs/GaAs QUANTUM WELLS, Emil S. ERTIES OF InGaAs/GaAs STRAINED QUANTUM WELLS
Koteles, B. Owens, B. Elman, P. Melman, GTE AND SUPERLATTICES, K.Gibb, C. Lacelle, and
Laboratories, Inc., Waltham, MA; D. Bertolet A.P. Roth, LMS, NRC, Ottawa, Canada; B.
and Kei May Lau, University of Massachu- Soucail, N. Dupuis, and P. Voisin, GPS, ENS,
setts, Compound Semiconductor Laboratory, Paris, France; and B.Y. Hua, and E. Fortin,
Department of Electrical and Computer En- University of Ottawa, Ottawa, Canada.
gineering, Amherst, MA.

11:30 DiI.I1
9:30 D)11.4 RAMAN STUDY OF MOMBE AND PLASMA-MOVPE GROWN

CHARACTERIZATION OF INGAAS/GAAS STRAINED SL III-V LAYERS ON Si(100), J. Geurts, J.
BY X-RAY DOUBLE CYRSTAL DIFFRACTION AND Finders, RWTH Aachen, I. Phys. Institut,
MODULATE PHOTOREFLECTION SPECTRA, L.S. Xiu, Aachen, West Germany; H. Munder, M. Kamp, M.
University of Science and Technology of Oehlers, H. Lfth, KFA J~lich, ISI, Jdlich,
China, Center for Fundamental Physics, West Germany; J. Musolf, J. Leiber, A.
Hefei, China; Y.T. Wang, Institute of Semi- Brauers, M. Weyers, P. Balk, RWTH Aachen,
conductors, Chinese Academy of Science, Inst. of Semiconductor Electronics, Inst.
Beijing, China; Z.Q. Wu, University of HL-Technik, Aachen, West Germany.
Science and Technology of China, Center for
Fundamental Physics, Hefei, China; W.H. 11:45 DI1 -.U
Zhuana, Institute of Semiconductors, Chinese MBE GROWN GaAs ON Si(100) STUDIED BY IN-
Academy of Science, Beijing, China. FRARED SPECTROSCOPY, Thomas Eickhoff,

I.Physics Institut, RWTH Aachen, Aachen,
9:45 D11.5 West Germany; Dietrich R.T. Zahn, and

OPTICAL CHARACTERIZATION OF GaAsP STRAINED Wolfgang Richter, TU Berlin, Institut
LAYERS GROWN ON (111)-ORIENTED GaP, Mats- Festkbrperphysik, Berlin, West Germany;
Erik Pistol, Maria Gerling, Anders David A. Woolf, David I. Westwood, and Robin
Gustafsson, Gert Paulsson, Lars Samuelson, H. Williams, University of Wales College of
and Heinz Titze, University of Lund, Depart- Cardiff, Physics Department, Cardiff, United
ment of Solid State Physics, Lund, Sweden. Kingdom.

10:00 BREAK SESSION D12: OPTICAL CHARACTERIZATION OF
EPITAXIAL LAYERS

10:30 D11.6 Chairs: M. Chandrasekhar and F. Pollak

HIGH PRESSURE OPTICAL STUDIES OF GaSb-AlSb Friday Afternoon, December 1
MULTIPLE QUANTUM WELLS, Benjamin Rockwell, Salon C/D (M)
H.R. Chandrasekhar, Meera Chandrasekhar,
University of Missouri, Columbia, Department 1.:30 D2.1
of Physics, Columbia, MO; Fred H. Pollak, H. RAMAN SCATTERING FROM AN INTERFACIAL THIN
Shen, Brooklyn College of CUNY, Physics LAYER OF GaAs HETEROEPITAXIALLY GROWN ON
Department, Brooklyn, NY; L.L. Chang, W.I. SILICON SUBSTRATE, Yoshiro Akaai, Mariko
Wang and L. Esaki, IBM T.J. Watson Research Ishino, Yoshiharu Nakajima, Sharp Corpora-
Center, Yorktown Heights, NY. tion, Corporate R&D Group, Nara, Japan.

10:45 D11.7 1:45 D12.2
CHARACTERIZATION OF UNDOPED PSEUDOMORPHIC STRESS EVALUATION METHOD USING RAMAN SPEC-
InGaAs/GaAs QUANTUM WELLS BY ELECTRON BEAM TROSCOPY, Yohko Mashimoto, IBM Japan, Ltd.,
ELECTROREFLECTANCE (EBER) AND PHOTOLUMI- Shiga, Japan.
NESCENCE (PL), M.H. Herman, and I.D. Ward,
Charles Evans and Associates, Redwood City, 2:00 D12.3
CA; and A. Dodabalapur, and B.G. Streetman, ELECTRICAL AND OPTICAL CHARACTERIZATION OF
The University of Texas, Austin, TX. InSb GROWN ON GaAs BY MBE, RillipE

ThomPson, James Waterman, D. Kurt Gaskill,
11:00 D11.8 Robert Stahlbush, and John Davis, Naval
RAMAN CHARACTERIZATION OF InSb/GaAs GROWN BY Research Laboratory, Washington, DC.
METALORGANIC MAGNETRON SPUTTERING, Z.C. Feng
and S. Perkowitz, Emory University, Physics
Department, Atlanta, GA; T.S. Rao and J.B.
Webb, National Research Council, Laboratory
for Microstructural Science, Ottawa, Canada.
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2:15 D12A SESSION D12: OPTICAL CHARACTERIZATION OF
INDEX OF REFRACTION ANISOTROPY IN MISMATCHED EPITAXIAL LAYERS
InGaAs/InP HETEROSTRUCTURES MEASURED BY Chairs: M. Chandrasekhar and F. Pollak
ELLIPSOMETRY, Brian R. Bennett, Massa- Friday Afternoon, December 1
chusetts Institute of Technology, Department Salon C/D (M)
of Materials Science and Engineering,
Cambridge, MA; and Jests A. del Alamo, 1:30 D12.1
Massachusetts Institute of Technology, RAMAN SCATTERING FROM AN INTERFACIAL THIN
Department of Electrical Engineering and LAYER OF GaAs HETEROEPITAXIALLY GROWN ON
Computer Science, Cambridge, MA. SILICON SUBSTRATE, Yoshiro Akagi, Mariko

Ishino, Yoshiharu Nakajima, Sharp Corpora-
2:30 BREAK tion, Corporate R&D Group, Nara, Japan.

2:45 *D12.5 1:45 D12.2
MODULATION SPECTROSCOPY OF LAYERED STRUC- STRESS EVALUATION METHOD USING RAMAN SPEC-
TURES, Orest J. Glembocki, Naval Research TROSCOPY, Yohko Mashimoto, IBM Japan, Ltd.,
Laboratory, Washington, DC. Shiga, Japan.

3:15 D12. 2:00 D12.3
CHARACTERIZATION OF AN ASYMMETRIC TRIANGULAR ELECTRICAL AND OPTICAL CHARACTERIZATION OF
MULTIPLE QUANTUM WELL, BY VARIABLE ANGLE InSb GROWN ON GaAs BY MBE, Pillip E
SPECTROSCOPIC ELLIPSOMETRY, Craig M. Thompson, James Waterman, D. Kurt Gaskill,
Herzinger, Paul G. Snyder and John A. Robert Stahlbush, and John Davis, Naval
Woollam, University of Nebraska, Department Research Laboratory, Washington, DC.
of Electrical Engineering, Lincoln, NE.

2:15 D12.4
3:30 D12. INDEX OF REFRACTION ANISOTROPY IN MISMATCHED

PHOTOREFLECTANCE OF A GaAs/InGaP(ORDERED) InGaAs/InP HETEROSTRUCTURES MEASURED BY
SINGLE QUANTUM WELL GROWN BY ATOMIC LAYER ELLIPSOMETRY, Brian R. Bennett, Massa-
EPITAXY, X. Yin, and L.H Pollak, Brooklyn chusetts Institute of Technology, Department
College of CUNY, Department of Physics, of Materials Science and Engineering,
Brooklyn, NY; and B.T. McDermott, K.G. Reid, Cambridge, MA; and Jests A. del Alamo,
and S.M. Bedair, North Carolina State Uni- Massachusetts Institute of Technology,
versity, Raleigh, NC. Department of Electrical Engineering and

Computer Science, Cambridge, MA.
3:45 D1.8

MAGNETO-OPTICAL STUDIES OF 2-D ELECTRONS IN 2:30 BREAK
GaAsAlGaAs SINGLE HETEROJUNCTIONS, K-S. Lee,
C.H. Perry, Northeastern University, Physics 2:45 *D12.5
Department, Boston, MA; and J.M. Worlock, MODULATION SPECTROSCOPY OF LAYERED STRUC-
Bellcore, Red Bank, NJ. TURES, Orest J. Glembocki, Naval Research

Laboratory, Washington, DC.
4:00 D12.9

MAGNETO-OPTICAL STUDIES OF GaAs-AIGaAs 2:15 D
MODULATION DOPED QUANTUM WELLS UNDER HYDRO- CHARACTERIZATION OF AN ASYMMETRIC TRIANGULAR
STATIC PRESSURE, W. Zhou, C.H. Perry, MULTIPLE QUANTUM WELL, BY VARIABLE ANGLE
Northeastern University, Boston, MA; and SPECTROSCOPIC ELLIPSOMETRY, Crai M.
J.M. Worlock, Bellcore, Red Bank, NJ. leinger, Paul G. Snyder and John A.

Woollam, University of Nebraska, Department
4:15 D1210 of Electrical Engineering, Lincoln, NE.

SPATIALLY INDIRECT OPTICAL TRANSITIONS IN
SEMICONDUCTOR QUANTUM WIRES, Joseph S. 3:30 D12.7
W , G. Danan, A. Pinczuk, J. Valladares, PHOTOREFLECTANCE OF A GaAs/InGaP(ORDERED)
L.N. Pfeiffer, K. West, AT&T Bell Labora- SINGLE QUANTUM WELL GROWN BY ATOMIC LAYER
tories, Murray Hill, NJ. EPITAXY, X. Yin, and F.H. Pollak, Brooklyn

College of CUNY, Department of Physics,
Brooklyn, NY; and B.T. McDermott, K.G. Reid,
and S.M. Bedair, North Carolina State Uni-
versity, Raleigh, NC.

3:45 D
MAGNETO-OPTICAL STUDIES OF 2-D ELECTRONS IN
GaAsAlGaAs SINGLE HETEROJUNCTIONS, L,
C.H. Perry, Northeastern University, Physics
Department, Boston, MA; and J.M. Worlock,
Bellcore, Red Bank, NJ.
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4:00 D12.
MAGNETO-OPTICAL STUDIES OF GaAs-AlGaAs
MODULATION DOPED QUANTUM WELLS UNDER HYDRO-
STATIC PRESSURE, W. Zhou, C.H. Perry,
Northeastern University, Boston, MA; and
J.M. Worlock, Bellcore, Red Bank, NJ.

4:15 D12.10
SPATIALLY INDIRECT OPTICAL TRANSITIONS IN
SEMICONDUCTOR QUANTUM WIRES, Joseph S.
Wein, G. Danan, A. Pinczuk, J. Valladares,
L.N. Pfeiffer, K. West, AT&T Bell Labora-
tories, Murray Hill, NJ.
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Dl. 1 1i. 3
STABILITY OF METAL LAYERS EMBEDDED IN GROWTH AND CHARACTERIZATION. OF GaAs/RARE-EARTH
SEMICONDUCTORS. 1_PUarbison, T. Sands, CJ. Palmstr~m, N. MONOARSENIDE/GaAs HETEROSTRUCTURES. C.J. Palmstrom,Tabatabe, H.L Gilchrist, LT. Florez, T.LS Cheeks, R.E. Nao, S. Mounier, T.G. Finstad, N. Tabatabaie, S.J.e W G t LAllen, Jr., T. Sands, T.L. Cheeks and P.F. Miceli,
W.K. Chan and V.G. Keranudas, Bellcore, 331 Newman Springs Rd., Bellcore, 331 Newman Springs Road, Red Bank, New
Fed Bank. NJ 07701-7040. Jersey 07701 and J.G. Zhu and C.B. Carter,

Department of Materials Science and Engineering,
One of the exciting challenges in the field of heteroepitaxy is the Cornell University, Ithaca, NY 14853

growth of two dissimilar materials in a single monocrystalline
heterostructure. Perhaps the most interesting combination involves The rare-earth monoarsenides (REAs) have high heats
the growth of buried metal layers embedded in semiconductors, since of formation and melting points. Furthermore, all
such structrs have the ptential of openi up new classes of but one have NaCI structures with a latticeparameter similar to that of GaAs, making them
electronic and optoelectronic devices. We have concentrated on the ideal candidates for buried epitaxial metallic
ill-V (ALGaIn)As semiconductor system which allows a wide range layers in III-V semiconductors. For example, ErAs
of possibilities both in heterostructure bandgap engineering and in and LuAs have a lattice mismatch to GaAs of -1.6%

and -0.4%, respectively. The effect of strain onvariation of the lattice parameter. For the buried metallic layer we the REAs growth itself can be ascertained by
have concentrated for the most part on the intermetallic NiAI which comparing growth of ErAs with LuAs on GaAs and on
has a cubic CsC] crystal structure with a unit cell only slightly larger the subsequent GaAs overgrowth by characterizing
(2.1%) than half that of GaAs and ALAs, and lattice-matched to the overgrown layers. A MBE growth chamber with a

multiple crucible electron beam evaporation sourceIn GaAs. Questions of stability of these thin metal layers, in was used to grow the GaAs/REAs/GaAs structures. Thepa-ucular durng the elevated overgrowth temperatures of 400-600*C structural properties of the epitaxial layers were
during which the metal is in intimate contact with the surrounding studied by RHEED during growth, in-situ Auger and
HI-V, fall into two categories. First are questions of thermodynamic LEED, and ex-situ by RBS, X-ray diffraction and

TEM. RHEED oscillations during REAs growth arestabiy of the meta ith respec to the adjacent semconductor, and consistent with single layer by layer growth. RBS
this concern is addressed by the proper initial choice of the metal. with channeling has shown that both LuAs and ErAs
The second are questions of morphological stability: Will the thin film films grown on GaAs are good single crystals with
remain smooth and continuous or tend to agglomerate? The answers minimum yields as low as -7%. Cross sectional TEM

studies show the interfaces to be atomically
to these questions are more subtle, and depend on the exact sequences abrupt. ErAs and LuAs are found to be semi-metallic
chosen for the overgrowth procedure. With a proper sequence, we with room temperature resistivity -70 and -904tQ.cm,
are able to achieve buried NiAI layers electrically continuous as thin as respectively. Electrical continuity has been found
I n opening up new measurement possibilities for metal films in the in buried REAs films as thin as 3 monolayers. This
extreme quantum regime. talk will emphasize the growth and characterizationof GaAs/REAs/GaAs epitaxial structures.

D1.2 D1. 4

ELECTRICAL AND OPTICAL CHARACTERIZATION OF MBE EPITAXIAL GROWTH OF MATCHED METALLIC ErPO.6As0.4 LAYERS
GROWN BURIED METAL (Al,Ga)As/NiA1/(A1,Ga)As DOUBLE ON GaAs AND ErP0 5 Sb 0 5 ON InP IN A MBE SYSTEM.
SCHOTTKY DIODES, L he ;, T. Sands, R. Nahory, Guivarc'h A., Le'Corre A., Caulet J.. Guenais B.. Minier
J. Harbison, N. Tabatabaie, H. Gilchrist, B. A., Ropars G. Centre National d'Etudes des
Wilkens, Bellcore, Red Bank, N.J. T~lcommunications'. BP 0, 22301 Lannion Cedex, France.

The successful growth by MBE of buried metal Abstract
heterostructures, such as (Al, Ga) As/NiAl/ (Al, Ga) As,
demonstrated that thin epitaxial and thermally Very recent papers have reported the growth of YbAs and
stable metallic layers could be incorporated within ErAs single-crystal films on (001) GaAs and the metallic
GaAs. These new material structures have potential behavior of these rare-earth monoarsenides. We show that
for metal base transistors and novel electronic and several (rare-earth)-(V element) compounds can be used
photonic devices. We have demonstrated that these for this purpose. We carried out the epitaxial growths
materials behave as double Schottky barrier diodes at 5000 C of ErAs ( = 60 p0cm), ErP( P = 150 p0cm) and
from the current-voltage (I-V), capacitance-voltage ErSb ( = 60 p0cm) on GaAs or InP in a MBE system
(C-V) and internal photoemission (IPE) equipped with solid and gas sources.
characteristics of a buried 200 A NiAl layer. Usingaselective etch process, three electrodes were Successfull growth of ErP0.6As0.4 films (? = 80 p/ cm) on
denedine orerchtocnesstate thetoades bom GaA with a reproducible lattice mismatch less than 5defined in order to investigate the top and bottom i0-  have been demonstrated. The ErPO.6AsO.4/n-GaAr
diode characteristics of NiA/A1As/G&As. An diode yield excellent I-V characteristics with a barrier
ffective barrier height of about 1.1 eV wa height of 0.88 eV. In opposition to the ErAs layers, the

ieasured for both the top and bottom diodes with ErPO.6As0.4 films are stable in the atmosphere ; thus.
internal photoemission. This value was consistent they are excellent candidates for epitaxial metal-
with the I-V measurements (nn.t and e , n 0.982) of semiconductor structures. The overgrowth of GaAs is
the bottom diode and represented an enhancement in found to be difficult in the case of a (001) GaAs
the barrier height due to the AlAs cladding layer, substrate (island growth) but rather good for (111)
However, the effective barrier height of the top GaAs.
diode, measured by I-V, was lower than the bottom
diode. This effect was investigated using RBS In the case of InP substrates, equivalent structures
channeling, photoluminescence and TEM. The data were obtained by using a ErP0 .5 Sb0 .5 ternary compound.
suggested that the barrier height lowering could be
attributed to planar defects which form at the we present the results of the various characterizations
NiAl/AlAs/GaAs interface due to the 2 % lattice performed by using a set of complementary methods (RBS,
mismatch and the difference in symmetry. Further TEM, x-ray diffraction, R3. I-V....
insight into the effect of defects on the transport
properties at the interfaces and suggestions for
improvements will be discussed.
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Dl. 5 temperature deposition on Si(lll)4-3x4-3-Breconstructed surfaces. The resultsANISOTROPIC STRAIN IN THIN EPITAXIAL CoSi 2(l10) FILMS indicate that in some cases the metal atoms
GROWN ON Si(ll0). S.M. Yalisove. Department of Materials Science initially deposited on Si diffuse to
and Engineering, University of Michigan, 2300 Hayward St., Ann Arbor, reaction sites in the fourth layer where
MI 48109-2136, D.J. Eaglesham, and R.T. Tung, AT&T Bell the metal silicides growth begins. Further
Laboratories, 600 Mountain Ave., Murray Hill, NJ 07974-2070 deposition of the metal leads to the growth

of metal silicides which is thought to be aGrowth of single domain epitaxial CoSi2 films on Si(l 10) has been rcently diffusion barrier that stops the supply o
demonstrated- These films contain two distinct sets of interfacial defects Si atom from bulk onto the surface at 3006K
which are generated to relieve misfit strain at two different critical and soon terminates the formatiom of metal
thicknesses and in orthogonal directions, the <011> and <100>. Films silicides. Subsequent deposition of the metal
which are 30 to 80A thic- contain only one of these sets of misfit relieving atoms (>4ML) forms a pure metal film on top of
defects. Consequently, uie misfit strain is relieved in only one direction in the thin disordered silicides.
the film. Rutherford backscattering (RBS) rocking curves were collected
about channeling directions in two orthogonal planes to measure the * Also at GE Corporate Research and Development
orthorhombic distortion caused by this defect structure for two thicknesses Center, Schenectady, NY
of these films. Films were studied at a variety of different thicknesses to
compare the RBS results with transmission electron microscopy CTM) D1.8
images of the same samples. Results will be presented which show that the
80A films are fully relieved in the <1 10> direction and almost fully strained FORMATION OF HIGH QUALITY Si/CoSii/Si DOUBLE HETERO
in the <100> direction. These measurements will be shown to be entirely -STRUCTURES BY SELF-ALIGNED AND TWO STEP MOLECULAR BEUR
consistent with TEM results. EPITAXY. LMIYAO, T. OHSHIMA, N. NAKAMIURA and L NAXAGAWA,

Cent. Res. Labo.. Hitachi Ltd., Kokubunji, Tokyo, Japan
D1.6 The formation and application of high quality Si/CoSis/Si
GROWTH OF EPITAXIAL CoSi 2 AND NiSi 2 ON (111), (100), and double hetero-structures are comprehensively studied. In
(110) Si AT ROOM TEMPERATURE. R. T. Tung and F. Schrey, these experiments, grooved patterns, with different
AT&T Bell Laboratories, Murray Hill, N.J. 07974 dimens ons of line & space (submicron - a few cm), were

formed on Si (111) substrates and then CoSi2 was grown by
molecular beam epitaxy MWE) under a stoichiometric beamThe formation of NiSi 2 and CoSi 2 from evaporated metal films on sin- condition (Co/Si=i/2). At growth temperatures higher than

gle crystal Si requires an anneal at high temperatures (750'C for NiSi 2  400"C, the CoSi, films deposited on the side walls ((211)
and 5500 C for CoSi2 ). A high temperature is required because the orientation) of the grooves agglomerated to reduce the

n interface energ between the CoSi, and Si. However, onnucleation and diffusion processes need large thermal activation. In the flat (111)-Si surfaces, pin hole free CoSis filmsthis paper, we show that the "reaction" of these silicides proceeds were obtained up to 5001C. In this way, fine patterning
quite adequately at room temperature. It is known that deposition of a of CoSi a electrodes becomes possible under self-aligned
few monolayers (ML) of Co on Si(ll1) leads to the formation of epi- BE growth by choosing a growth temperature in the range
taxial CoSi 2 at room temperature. Here, following the metal deposi- 400t - 500t. In the further experiment, 2-step KBE growthtion, co-de2osition of stoichiometric CoSi at room temperature leads was used to obtain high quality Si overlayers on the CoSi.odeprosti of stichietrc Cof at cyt s /Si substrates. Here, very thin Si layers were grown at
to the growth of thick layers (>200A) of single crystal epitaxial sili- low temperatures (300 - 400"rC) to stabilize the surface
cide. High quality NiSi2 may also be grown at room temperature on atoms of CoSi, and then, on top, thick Si layers have
Si(lll) by the deposmon of ML Ni and subsequent NiSi 2 co- grown at high temperatures (500 - 600"C). RHEED and SEM
deposition. This observation is suggestive of NiSi. formation at room observations showed that the Si/CoSia / Si structure has
temperature upon ML Ni deposition, a subject which is presently good crystallinity and morphology. In addition cross

-sectional TEN observation revealed that both the uppercontroversial. On Si(100) and (110), nucleation of the disilicide phase and lower interfaces between the CoSi z and Si are
does not occur at room temperature. However, using annealed thin atomically abrupt and smooth. Finally, permeable base
layers (< 20,k) of CoSi2 and NiSi 2 as templates, it is shown that transistors (PBT) were fabricated utilizing this newly
homoepitaxial growth of these two silicids take place at room tem- developed MBE process. A high performance from the PT's
peature along both (100) and (110) directions. Very high crystalline (Gm=42m /m) was obtained, which agreed well with thequality is found for these room temperature NiSi and CoSi layers. ter simulations. This work was performed under thequ alit 2mnagement of the R&D Associ. for Future Elec. Dev. as a
Ion channeling X.'s of 2-3% are common. iBM analyses show part of the R&D of Basic Tech. for Future Indus. suported
(111) films have the type B orientation and the interface dislocations by New Ener. and Indus. Tech. Devel. Organ.
to correspond faithfully to steps on original surface. Thick (100) and
(110) layers grown at room temperature am single crystals whose Di .9
defect structures conform to the original thin templates. A discussion GRoWTH AND CHARACTERIZATION OF EPITAXIAL CoSi2 ON
of the silicide reaction is also given. Si(100). Jorge R. Jimenez, L. Hsiung, K.V. Ramanathan, K. Rajan,

D1.7 L.J. Schowalter, Center for Integrated Electronics, Rensselaer Poly-
technic Institute, Troy, NY 12180; Shin Huhimoto, Physics Depart-

FO.AMATION OF ULTRATHIN NICKEL AND COBALT rient, State University of New York, Albany, NY 12222; R.D. Thomp-SILICIDES ON Si (ill) -'3x4j-B AT ROOV son, B.A. Ek, and S.S. Iyer, IBM T.J. Watson Research Center, York-
TEMPERATURE. L. Lu , G. A. Smith , Shin town Heights, NY 10598.
Hashimoto and W. M. Gibson, Department of Epitaxial CoSi2 on silicon is a system of considerable interest, be-
Physics, SUNY at Albany, Albany, NY cause of possible novel device applications such as 3-D interconnects
The MeV ion channeling technique is sensitive and the metal-bae transistor. While much work has been done on
to the small displacement perpendicular to the CoSi/Si(lll), relatively littlehas been done on CoSi2/Si(100), which
direction of incident ion beam and, therefore, is considerably more difficult to grow, but may be the technologically
is an excellent and straightforward probe of more important system. We have grown films of CoSi2 on Si(100) bystructure quality of thin films and buried MBE and studied them using LEED, RBS, TEM, SEM and resistivity
interface. This was used, combined with MonteCarlo computer simulations, to study the measurements. The use of a template method, where a thin (10-15A)
crystalline quality, the phase of the surface CoSi2 film is codeposited at room temperature before annealing and
and the buried ultrathin metal (Ni and Co) further codepoition, improves film quality in terms of ion channelling
silicide layers which form upon room and resistivity, compared to those grown by straight Co deposition.
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The number and size of grains of other orientations are also sub- D2.1
stantially reduced, but are not completely removed. Schottky barrier HIGH RESOLUTION X-RAY SCATTERING STUDIES OF STRAIN IN
heights of t 0.7 eV have been determined from I-V and C-V mea- EPITAXIAL THIN FILMS OF YTTRIUM SILICIDE GROWN ON
surements, although the heights obtained from C-V measurements SILICON(I I I). L. J. Mannez-Miranda*, M. P. Siegal", P. A.
are higher by as much as 0.1 eV. We have also observed unusually Heiney***, J. J. Santiago-Avil6s* and W. R. Graham", Laboratory for
large tetragonal strain (t = 2.6%) in films m 120 A thick. The Research on the Structure of Matter, *Department of Electrical Engineering,

"Department of Materials Science and Engineering, *** Department of
dislocation densities observed along the interface by TEM on these Physics, University of Pennsylvania, Philadelphia, PA 19104.
same films is of the order of 105/m. Assuming all these are misfit
dislocations uniformly distributed with Burger's vector .1011] at the We have used high resolution grazing incidence x-ray scattering (GIXS) to
interface gives a strain of ell g 1%. It has been found through detailed study the in-plane structure of epitaxial YSi 2 . x films grown on Sil 11),
examination of TEM diffraction patterns that metastable cobalt sili- with thicknesses ranging from 85, to 510k. These films were prepared
cide stoichiometries may exist suggesting metastabilities which have from a 34A template layer of YSi2.x annealed at 700*C, onto which
not been reported for epitaxial CoSi2 growth on Si(lil). additional Y was deposited at about 3001C, a temperature high enough to

induce silicide formation. All films were annealed at 8500 C to achieve
epitaxy, with chi-minimum of 3-4% as measured from backscattering

01.10 spectrometry.

EVOLUTION OF STRESS DURING HETEROEPITAXIAL GROWTH OF NiSi 2
ON (001) AND (111) SILICON SUBSTRATES.' H.L. Ho, C.L Bauer, S. Mahajan, YSi 2 .x crystallizes in the AIB2 structure, which is hexagonal, with bulk
Department of Metallurgical Engineering and Materials Science, and A.G. lattice parameters a - 3.842 A c = 4.414A resp, ively. This should result
Milnes, Department of Electrical and Computer Engineering, Carnegie Mellon in an almost perfect lattice match to Si(l 11). Out esults indicate that the
University, Pittsburgh, PA. 15213. films are strained, and that film strain increases as a function of thickness,

with lattice parameters varying from a = 3.846k / c = 4.142k for the 85k
Thin film stress accompanying the heteroepitaxal nucleation and growth of NIS film toa = 3.877k/c =4.121A forthe 510k film. We correlate these
resulting from the Interaction of polycrystalline nickel films with (001) and (111) results with an increase in pinhole areal coverage as a function of thickness.
silicon substrates has been measured through the use of a levered optical beam In addition, our measurements show no evidence for the existence of
technique In the temperature range of 770 - 910 0C. Results indicate that stress ordered silicon vacancies in the films.
decreases during growth of NISi2 on (001) and (111) oriented silicon substrates
whereupon stress remains constant after complete formation of NiSL. However, Work supported by an IBM Program of Support for the Materials and
stress reduction Is considerably larger during the fornation of NISI2 on (111) Processing Sciences Grant; NSF-MRL Grant No. DMR-85-19059; and
silicon (2 300 - 400 MPa), whereas a comparatively small stress reduction University of Puerto Rico ARO Grant No. P-22681-MS.
( : 100 MPa) is observed for NiSi2 on (001) silicon. Furthermore, increasing
temperature Increases the magnitude of stress reduction of NiSi2 on (111) silicon D 2 . 2
while virtually no effect is found for NiSi_on (001) silicon. TEM studies reveal
that for NiS 2 on (111) silicon, a/6<112> Shockley partial dislocations are SURFACE MORPHOLOGY OF TiSi2 FORMED FROM UHV
associated with steps at the NiSi2/(111) silicon interface. it Is argued that the DEPOSITED Ti ON Si. Hveongtae Jeon, R. J. Nemanich. J.W.
largerdecrease In stress of NiSi2 grown on (111) silicon is theresultof interfacial Honeycutt and G. A. Rozgonyi, North Carolina State University,
glide of Shockley partiat (twinning) dislocations along the (111) composition
plane with concomitant migration of steps. In contrast, the smaller decrease In Department of Physics and Department of Materials Science and
stress during the formation of NISi2 on (001) silicon Is attributed to the presence Engineering, Raleigh, NC 27695-8202
of non-gliding Interfacial dislocations of the type at4<111>.

Of the sUicides often considered for IC applications, TiSi2 films formed by• reaction of Ti on Si exhibit lower resistivity and higher temperature
The authors gratefully acknowledge the financial support of the IBM Center for stabiity A n important for eictiois at ignitmcature

Thin Film Sciences at Carnegie Mellon University. stability. An aspect important for the application is that significant surface
roughening has been observed after annealing to form the silicides. In this

D 11 study the island formation mechanisms and the morphology of TiSi2 on Si
are examined and related to the nucleation and growth properties of the

COLUMNAR EPITAXY OF CoSl2 ON Sili II 1001, and 110). TiSi 2 film. Ti is deposited on clean, reconstructed Si substrates (it. 2xl
R W. Fathauer. Jet Propulsion Laboratory. California Institute of on Si(100) and 7x7 on St(Ill)) at room temperature and also at high
Technology. Pasadena. CA; C.W. Nleh. California Institute of substrate temperature (500*C-800C). The TiSi 2 formation process is
Technology. Pasadena. CA and Q. F. Xlao and Shin Hashimoto. State monitored with in-situ LEED, AES and ex-situ Raman and the surface
University of New York at Albany. Albany. NY. morphology is examined with ex-situ SEM and TEM. Ti thicknesses

Codeposltlon of cobalt and silicon with Sl:Co ratios ranging from 12 between 50A and 400k were examined. The TiSi2 formation process
to 60 on silicon substrates held at 640-800'C in ultra-high vacuum Is involves Si diffusion at temperatures <400 °C, formation of a meta-stable
found to result in epitaxial colunins of cobalt dlsllclde surrounded by TiSi 2 phase at -500*C, and transformation to the stable TiSi 2 phase at
epitaxial silicon. On SIll 11). planar transmission electron -700 0 C. At -700 0 C, in situ LEED measurements show diffraction
microscopy ITEM) analysis reveals no extended defects in either the corresponding to the reconstructed substrate. This indicated the formation
silicide or silicon matrix for growth at 700-800*C. However, growth at of islands with clean substrate regions between the islands. The high
64(C results in a high density of planar twins In the silicon, temperature required for nucleation of the stable phase is interpreted as an
Rutherford backscattering analysis reveals channeling minimum
yields for the Co signal as low as 4% and yields for the Si signal as low indication of high surface energy. The microscopy results show smooth
as 2% for (II li-oriented samples. Independent control of column surfaces for TiSi 2 formation at annealing temperature -500 0 C, and TiSi2diameter and spacing is possible through selection of St:Co ratio and island formation at annealing temperatures between 6000C and 9000C
growth temperature. Average column diameters ranging from 25 to depending on the film thickness. The island formation process is
130 nm with spacings of 80 to 230 rim have been demonstrated. described in terms of a wetting model, and the surface energies for

The shapes of the sflicide grains vary considerably for (1111. (100). nucleation and island formation are related.
and 1110 silicon. Both twinned Itype B) and untwinred (type A)
silicide grains have been observed on all three orientations. Most of *This work was supported in part by the National Science Foundation
the grains on Sili 11) are type B. but roughly equal numbers of type A through grant DMR 8717816 and CDR 8721505.
and type B grains are observed on SIl100) and 1101. On Si(100. type-B
grains assume the shape of platelets with four variants, due to
twinning about the four II 11) planes inclined to the surface (100
plane. Type A grains on SIIO0 exhibit serrated edges due to facetng
on I111) planes, as revealed by high-resolution TEM.

-Work supported by SDIO and NASA.
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D2. 3 complements grazing incidence X-ray diffraction and in situ RHEED studies
EPITAXIAL GROWITH OF ThSi-,ON Si~l ). F. H. Kaatz J. Van of films grown by molecular beam epliaxy.
der Spiegel, and W. R. Graham, Laboratory for Research on the We find that in NdF 3IY/NdF3 structures grown on GaAs (Ill1) substrates
Structure of Matter and the University of Pennsylvania, that the GaAs-NdF3 interface is atomically rough with a random distribution
Philadelphia, PA 19104, of steps and microfacets arising from the initial heat-cleaning stage of

sample preparation in UHV. The NdIF3 does not replicate this rough
We provide the first description of the epitaxial growth of ThSi2  interface and by 70 A thick the NdF3 surface roughness is on the order of a
on SWill1). ThSi2 crystallizes in the hexagonal AIB2 structure with single monolayer. Epitaxy of the rare earth film on the fluoride is
a 0.05 mismatch to the SiKIMl bulk lattice. In this study, terbium sometimes accompanied by interfacial replacement reactions evident from
Pislvprtdot'hiaicendslcn aesadanae large local variations in lattice parameter within the metal film near theis eapoate ono Sirak clane siico wafrs nd nneled interface.
in UHV to form ThSi2 films of 200A in thickness with the
pressure maintained below 5x10-10 torr during all procedures. A detailed picture of the defect structure of these novel structures is
Low energy electron diffraction (LEED) shows single crystal developed from this study and the magnetic implications of the defect
growth with a sharp '43x'43 pattern after an 8500 C anneal. Auger structure is discussed.
electron spectroscopy (AES) indicates intermixing at room D.
temperature with growth following a nucleation typeD2.
mechanism. We describe growth procedures leading to a INFLUENCE OF OFF-ORIENTED SUBSTRATES ON HETERO-
Rutherford backscattering minimum channeling yield of 7-8 %.EPITAXIAL GROWTH OF (Ca. Sr) Fa LAYERS ON Si (100).~Tetsuroh Minemura and Junko Assno, HitachiX-ray and transmission electron diffraction (TEM) analyses show Research Labo-ratory. Hitachi, Ltd.. Hitachi-shi,
the formation of single-crystalline ThSi2 with an orientation of Japan; Kazuo Tsutsui and Seijiro Furukawa. Tokyo
ThSi2(0001)1 I ISi(1ll) and TbSi2(1010) IISiMjj2. TEM also reveals Institute of Technology. Yakohama-shi. Japan.
pinhole formation with an average size of less than 0.5 gim, with
no evidence of an ordered vacancy network in these films. We Hteroepitaxial growth of (Ca. Sr)F& layers on

Si (100) has been investigated for applying it
also present the first electrical measurements on ThSi 2. to GaAs/fluoride/Si structures. Si (100)

substrates off-oriented toward (011) have a
This work is supported in part by the NSF-MRL under grant # considerable effect on reducing crystal defects
DMR 8819885. in the epitaxial GaAs layers on thee. In this

paper, we will report that the influence of of f-
oriented substrates on the epitaxy of (Ca,.Sr)Fa

D2.4 /Si(l00) in quite different from that for

aOFa.H INETCS OF Si Ct4 SAPPHIRE BY MBEa AS A GaAs/Si.
FUMNO US~WINSI IHTMEA (Cal. Sr,-a) Fa layers were grown on exact and
muP suwn'_lIE ANNEL. Eliezer Dovid Ridc, off-oriented Si (100) substrates by molecular
Naval Research Laboratory, Coe6816, Washintoni D.C. beam epitaxy (MBE). Rutherford backscattering
20375-5000, JcxSe~h G. Pelerino, 141sr, Gaitierskun, mD spectroscopy was employed for evaluating the
20889, mark E. Twigg, GED-Centers Inc., Fort Washirgton crystallinity of the layers.
K). 20744. The minimum channeling yields (Z.,.) for CaFs

I'te effects of high temperature vac~uum annealing of a layers grown on the exact and 4 off-oriented
sapphire substrate in-situ of a VG8.a Si MB yse h Si (100) substrates are small, 0. 1-0. 15, which
growthi kinetcs has been preliiarrily linvsigtd an shows no influence of off-oriented substrates
thie resltanzt miaterial characterized for it rsaln on their crystallinities. On increasing the
quality, microstructural defects, and electrical pretiS mixing composition of Sr. the X., . 'as for
Here we preent a mrore detailed invstigation of thea.r 1 .aF layers grown on the off-oriented

Si (100) substrates get large, about 0. 9.
groth kinetics of MBE Si on (1102) sagae n*b sub' although those grown on the exact Si (100) are
strates are annealed in a vaoman of 107 to loD miter fo kept small. This influence of off-oriented
30 mnutes at 11000 1C, 13000 C, and! 14500C. Si filmS ar substrates for (Cal, Sr, zF, /Si (100) is quite
grown with a thickness rngsi from 3 rnm to 40 rm. Theth re rsofG s/i
fibras are found to grow by a Vobter Wee prcs. F h rvrs f as/i
a given substrate annealing tamperatnre, the islard size
irs eae and the island density decreases with increasing D2 .7
fibm tluckness. As the anne~aling talperature of the 5;TRAUN IN EPITAXIAL GaAs ON CAF 2/-Si(1l). LIJ. SChowA'lt~.r
subtrate derses the island size distribution has several J.E. Ayers, and S.K. Ghandhi. Ctr. for Integraied Electronics. Rens'.
properties: 1) Thew ceit~ of the distribuztion shifts to sle oyehi ntttToy Y110 hnfahmt n
smaller camters; 2) 1he peak heit of the distriblUtir earPltcnc ntttTo.N 220 hn}ahm n
iceae; and! 3) the standard dviation of the distribution W.M. Gibson, Physics Department. State University of New York at
decreases. Albany; F.H. Le~oues. ISM T.J. Watson Roseaich Ctr.; and P.A.
1. J.G. Pellegino, E.D. Riduux! , aix! M. ITWigg, Materials Claxton, Dept. of Electronic & Electrical Eng.. V. Sheffield.
Research Society Prc., vol. 116, p.395, 1988. Wt.hile direct heteroepitaxy of GaAs on Si already has demonstrated
2. E.D. Ridhmitd, S. Quadi, A. 18wsoi, M. Twigg N. suitable properties for many applications, the high density of thread-
Green, III Interrnational Si MM Synpoim, 30 May - 2indilctos(0 m)adhihtrs 0dye/m)wl
June 1989, Strasbourg Fraroe. igdsoain :%0 m2 n ihsrs -19dnsc )wl

Make it difficult to fabricate minority carrier devices (such as lasers

D2.5 and solar cells) with reasonable yield and lifetimes. To overcome this
problem, we have attempted to use epit axial CaF2 as an epitaxial

11JRENI STUDY OF EPITAXIAL FLUORIDE / RARE EARTH buffer layer between the GaAs and Si subs-rate. Layers of (1ll)
iFLUORIDE / GaAs INTERFACES. C.J. Chien, LEFC. arrow* GaAs of approximately 1pim were grown on CaF 2 layers which were

I.C. Bravman Department of Materials Science and Engineering, Stanford 10) an'j M1RI rm thick. The best nucleation condltions for the GaAs
University. Stanford, CA 94305. *IBM Research Center, 650 Harry Road, nC~/i11 ehv bevd~ a usrt eprtr

San ose Caifonia9510-609.of 600 OC which resulted in high quality GaAs films which exhibited

Ultrathin epitaxial rare earth films buried in a host matrix Of Tare earth channeling minimum yeilds of 4%. and x-ray rocking curve FWHNI itn
fluorides exhibit magnetic properties significantly different from bulk -he range of 500 arc seconds. The density of threading dislocations ins
crystals. In this paper we report a HREM study of such structures which the I orm thick GaAs layers was observed by TEM to be 107/cm2 . No
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strain was measured in both sets of GaAs samples wi thin the accuracy that the high density of As vacancies in GaAs on Si is a result of the
(..2xlO ) of double-crystal x-ray diffraclioli measurements. Ion growth conditions which require low V/III flux ratio for good surface
fltanneling, however, revealed a large tetrA8ojal straii oi J.,5xl- morphology. The effect of the threading dislocations does not appear
in the thinner (160 nm) CaF2 buffer layers. No strain wa observed to be sigificant compared to that of As vacancies and no clear cor-
in either the CaFP layer or the GaAs iayei fo gmpics grown On the relation is found between the density of threading dislocations and

thicker CaF2 buffer layer. We have modeled our reu!ts in terins o implanted Si activation.
the strain relief mechanisms for GaAk and (AF, which are in good D2.10
agrement with the observed results.

SELECTIVE AREA GROWTH OF GaAs ON SI BY ELECTRON-
CYClOTRON-RESONANCE PLASMA-EXCITED MOLECULAR-BEAM-

D2.8 EPITAXY (ECR-MBE) Tomohiro Shibata, Naoto Kondo,

EPITAXIAL GROWTH OF (100) GaAs ON SOS USING A Yasushi Nanlshl, and Masatomo Fujimoto ;
SPECIFICALLY DESIGNED MOCVD SYSTEM. T. Nishimura NTT Opto-electronics Laboratories, Atsugl-shi, Kanagawa,

K.Kadoiwa,K.Mitsui and L.Murotani, Optoelectronic 243-01 Japan

& Microwave devices R & D Lab., Mitsubishi The GaAs-on-Sl heterostructure is one of the most promis-
Electric Corp. Mizuhara, Itami, 664, Japan. Ing systems for monolithic integration of electronic and

optical devices. For practical applications, a selective
There have been two main problems in applying area growth technique is considered to be essential. In

the GaAs-on-Si technique to monolithic microwave addition, this technique Is widely known to reduce
integrated circuits(MMIC's) and digital IC's. dislocations, cracks, and warpage induced by thermal
One is the poor resistivity of Si substrate and stress. Low-temperature Si surface cleaning has also been
the other is the wafer warpage and the cracks the focus of much interest as a key technique for avoiding
of the GaAs layer due to the difference of thermal degradation of SI devices during heat treatment at around
expansion coefficients between Si and GaAs. 900C . such heat treatment is thought to be inevitable to
Sapphire is a good candidate for the substrate, obtain a clean surface prior to GaAs growth.

since it is an insulator and has a thermal In this study, selective area growth of GaAs on Si was suc-
expansion coefficient close to that of GaAs. cessfully performed by FCR-MBE at 630*C, the highest
In earlier studies (111) GaAs has been grown temperature throughout the growth process. This study
on sapphire. In this study we have grown (100) builds on the authors' previous work using ECR-MBE:
GaAs on Si-on-sapphire(SOS), where various tech- low-temperature GaAs growth Including surface cleaning,
niques for GaAs on Si can be easily applied, and selective area GaAs homoepitaxlal growth. GaAs was

In order to get a high quality GaAs layer on selectively grown on Sl masked with 100-nm-thick SiN film.
SOS with good reproducibility, we intorduced The SiN mask was patterned with 1-g m lines and spaces. The
the new MOCVD system specifically designed for substrate was cleaned at 630C by hydrogen ECR plasma
GaAs on Si technique. This is a full load locked exposure prior to growth, which yields a clean hetero-

and automated MOCVD system with two reactors(one interface with no detectable pile-up of either carbon or
is for Si cleaning, the other is for the growth), oxygen. The growth temperature was kept constant without

employing a two-step growth method. A cross-sectional SEM
In spite of thick GaAs layer over than 15lpm, Image revealed that the GaAs layer was selectively grown

no crack of the GaAs layer and bending of 1/2 only on the unmasked areas, while no GaAs was deposited on
as much as that on the Si substrate are observed, the masked areas. No anomalous growth at the mask edge
PL characteristics show much smaller residual was observed in contrast to conventional MOCVD. The mecha-
stress. The X-ray FWHM is reduced by the annealing nisms of low-temperature plasma cleaning and selective
from 140 arcsec to 65 arcsec at lOm of the GaAs area growth will be discussed in terms of the surface
thickness, which is surprisingly nallow data reactions and kinetics.
in highly mismatched systems. The dislocations
are effectively reduced to 3x10 6 cm- 2  by the
annealing and strained laver superlattice.

ELECrcAL PROPERTIES OF MESA DIODES ON EPITAXIAL
D2.9 GaAs/Si. LL iao, AJ. Soltyk and W.A. And-mn. Center for

Electronic and Electro-optic Materials, Department of Electrical and
EFFECT OF STOICHIOMETRY ON THE ACTIVATION OF IM- Computer Enginering, State University of New York at Buffalo,
PLANTED Si IN MBE-GROWN GaAs ON Si. T.S. Kim and Y.C. Bonner Hall, Buffalo, NY 14260; and S.M. Vernon. SPIRE Corp,
Kao, Central Research Laboratories, P.O. Box 655936, MS 147, Texas Patriots Park, Bedford, MA 01730
Instruments Inc., Dallas, TX 75265

In this work, activation of Si implanted into GaAs-on-Si layers Deep level transient spectroscopy (DLTS) and current-voltage-
grown by molecular beam epitaxy (MBE) is studied. It is found that temperature (I-V-T) studies were performed on MOCVD- grown
the Si activation is lower in GaAs on Si than in bulk GaAs and varies CaAs multilayer diodes on GaAs or Si substrates to study the in-
widely. To examine if the low activation of implanted Si is due to fluence of heteroepituy on electrical properties. A deep level (Ec04.65
the amphoteric behavior of Si and not due to the defects unique to eV) was found for both GaAsCGAs and GaAs/Si structures and is
GaAs on Si, activation of non-amphoteric dopants such as Be and ence related to inherent defects of the GaAs epitauial layer. For
S is also studied. Be occupies Ga sublattice and is an acceptor CAM a coninous distribution of trap levels was also observed
while S occupies As sublattice and is a donor. The activation o which cotild be attributed to misfit dislocatiom. I-V-T data revealed
implanted Be in GaAs on Si is as good as in bulk GaAs while S the saturation current desity of GaAs/I diodes to be four orders in
shows much higher activation in GaAs on Si than in bul GaAs. amplitude higheanlsstmrtuedpdnthnfo
These results suggest that no donor- or acceptor-like defects exist in oh r nd less temperature dependent than for
high concentration in GaAs on Si and that the amphoteric behavior wAi111 fon The diode buttMIfctr (a increased ine
of Si is the major compensation mechanism in MBFgrown GaAs on with 1/F for GaP./S diodes but was relately temperature ide-
Si. The increased Si-acceptor concentration and S activation in GaAs p n for (aAs/O,&j diodes. The sopes of the I-V data were in-
on Si are apparently due to the high density of As vacancies, variant with umpemratum for GaAsS diodes indicating tunneling to be

the ptomnma mechanism. For GaAs/GaAs diodes at high ftwd
To determine if the high concentration of As vacancies is due to bims SRH recmbinatio due to deep levels was observed. Arrnheus

the threading dislocations or due to the growth conditions for GaAs plots indied in sedvtim enV (E^q) of 0.0eV. At low forward
on Si, we examine the activation of Si implanted into GaAs on GaAs bis v the dope8 of tbe I.V date showed less temperstre de-
MBE-layers grown under the conditions similar to those for GaAs on maildpte ses of t d sed im emer tue d
Si. It is found that the Si activation varies substantially d pedee, uiple mechaisms, ad activatio energies of 0.27eV and
on the V(As)/III(Ga) flux ratio during the MBE growth and in 0.360V. A model using imband multistep tneling is utilized in ex-

grown with the V/Ill flux ratio used for GaAs on Si shows substan- P t
tially lower Si activation than bulk GaAs. These results indicate
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D2.12 D4.2

HIGH QUALITY "As ON 501 NY NOCVD. N.H. Karam, V.3. TiE ROLE OF AN INTERFACE MISFIT DISLOCATION IN BLOCK-
ban, S.N. Vernon. Spire Corporation, Patriots Park. ING THE GLIDE OF A THREADING DISLOCATION IN A STRAINED
Bedford, NA 017301 N.A. Il-Masry, North Carolina State EPITAXIAL LAYER. L. B. Freund, J. C. Ramirez and A. Bower, Division
University, Raleigh, NC 27615; and M. eegel, University of Engineering, Brown University, Providence, RI.
of California. Los Angeles, CA 90024.

A general definition of the driving force for glide of a threading dislocation

Epitaxial GaAs films have been successfully deposited on in a strained epitaxiad layer is adopted to consider the interaction of dislo-
3-inch diameter silicon wafers with a buried oxide by cations on intersecting glide planes. This definition of driving force includes
P4CVD. This is important due to the potential for three- the possibility of glide through a region of spatially nonuniform stress, which
dimensional integration of optical and electronic devices is the situation in such an interaction. The analysis is based on the theory
in addition to combining two technologies for radiation of elastic dislocations.
hardness. The Silicon on insulator wafers were prepared
using the Separation by IMplantation of OXygen process. For the case of materials with cubic symmetry and an interface with normal
Direct (100) silicon and 2 degrees off (100 towards <110) direction [001], a straight 60 degree misfit dislocation is assumed to exist
wafers were implanted with oxygen. he implanted wafers at the interface. This dislocation is supposed to have been formed by glide
were then annealed at 1300C for 6 hours in a nitrogen ona {11 plane. A threading dislocation on an intersecting 1111 plane,a-bient to form e continuous buried oxide typically 4000 AL on 1 ln.Atraigdsoaio na nescig{1}pae
thick and a regron Si over layer approximately 1400 A which also leaves behind a 60 degree interface misfit dislocation, approachesthe stationary dislocation. The traction induced on the glide plane of the
The POCVD deposition of GaAs on Sol took place in a SPI-*O threading dislocation by the stationary dislocation is determined for all
CVD TN 450 reactor operated at atmospheric pressure using combinations of Burgers vectors for the interacting dislocations, and the
the standard two-step deposition technique for GaAs on Si. influence of this traction on glide is assessed. The results indicate that the
The surface morphology of the deposited films was found effect is significant in blocking the glide of the threading dislocation for large
comparable to state of the art GaAs on Si films grown in mismatch strain and for layer thickness near the critical thickness.
the same reactor. Transmission .lectron Microscopy (Tam)
showed that the deposited films are of single domain and For the case of an embedded strained layer, a kinetic law for thermally
are of excellent quality. We have employed defect reduo- activated glide is invoked to study the change in shape of the threading
tion techniques such as thermal cycle growth and strained dislocation during interaction with a stationary misfit dislocation. Results
layers to improve the quality of the deposited films. Two
orders of magnitude reduction in defect density and a fe- are obtained by imposing the kinetic law pointwise along the line of the
tor of SOX increase in the photoluminescence intensity threading dislocation, where the influence of the induced traction calculated
have been observed. we will report on our progress in in the foregoing interaction analysis is included in the driving force. The
producing high quality GaAs on SO and the comparison with process is simulated numerically, and the results support the conclusion
GaAs on Si. that the interaction can significantly retard the progress of a threading

dislocation.
D4 •I D4.3

FUNDAMENTAL ISSUES IN HETEROEPITAXY: A DOE
COUNCIL OF MATERIALS SCIENCE PANEL REPORT. Paul SURFACE STRESS EFFECTS ON EPITAXY. K. Sieradzki and

S. Peercy, Sandia National Laboratories, R.C. Cammarata, Department of Materials Science and Engineering, The
Albuquerque, NM, (Panel Chairman) Johns Hopkins University, Baltimore Maryland 21218, USA

A Panel comprised of members from academia, We present an analysis of the thickness dependence on misfit required
government labs and industry was convened by the for the maintenance'of epitaxy forthe simple overlayer-substrate system.
Department of Energy Council on Materials Theanalysisissimilartoconventionalequilibriumelastictheoriesexcept
Science January, 1989, to assess the current
understanding of epitaxy and, based on this that we include an extra term into the overall energy balance which

understanding, to recommend potentially fruitful arises from surface stress effects. As an approximation we assume

research directions in this area. linear elastic behavior of the film. Physically, the effect of the surface
stress is to introduce a thickness dependent lattice parameter for the free

Panel members were: E. G. Bauer (Tech. standing overlayer, i.e., for an overlayer disconnected from the

Universitat Clausthal), B. W. Dodson (Sandia substrate. Consequently, a completely incoherent interface is not
National Laboratories) , D. J. Ehrlich (MIT defined as an overlayer which is relaxed to its bulk equilibrium lattice
Lincoln Laboratory) , L. C. Feldman (AT&T Bell parameter, but rather an overlayer relaxed to a thickness dependent
Laboratories), C. P. Flynn (U. Illinois), M. W. lattice parameter which is set by the magnitude of the surface and
Geis (MIT Lincoln Laboratory), J. P. Harbison interfacial stress for interfaces in the system. Our results indicate that
(Bellcore) , R. D. Kelley (DOE- Basic Energy surface stress effects can have a significant effect on critical thicknness.
Sciences) , R. Matyi (U. Wisconsin), For example using typical values of the relevant parameters for metals, a
P. M. Petroff (U. California-SB), J. M. Phillips 0.004 positive misfit (asubstrate>afiln) results sn a critical thsckness
(AT&T Bell Laboratories), P. S. Peercy of04. nmswen sfacestrae effec) res ind comar to a

Chairman (Sandia National Laboratories) , of -4.5 nm when surface stress effects are included, compared to a
G. B. Stringfellow (U. Utah) and A. Zangwill value of 12 nm when surface stress effects ae ignored. For a 0.004
(Georgia Inst. Technology). negative misfit the critical thickness is predicted to be =18 nim.

Incorporation of non-linear elastic effects into the surface stress term
The Panel considered hateroepitaxy between would alterthese piedictions, and these studies are presently underway.
metals, insulators and semiconductors and the
new types of artificially structured materials D4.4
which can now be grown by advanced epitaxy
techniques. The principal findings of the MICRODIFFRACTION FROM CLEAVED Si-Sil.xGex
Panel, with emphasis on future directions MULTILAYERS. W.T-ke Cavendish aboratory Madingley Road
identified by the Panel, will be summarized in Cabridge
this presentation. Using the nanometer probe available in the dedicated scanning

transmission electron mik cope local structural information ca. be
obtained fom individual layers in [100 vown S.-SiixOG.e multilayer
sucres. FurtIermaore the small be sum enables cleavedspemens
with their very large wedge ani be ..o analyzed in cross-mcdon.
Diffration paterns m shown from multilayers of varying compostion
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and periodicity. Analysis of the patterns conenaues on the higher order D4. 7
Lafe zone (hoiz) relectioes in the high angle excess ring rather than the ALTERNATE ROUTES TOWARD MISMATCH ACCOMODATION IN STRAINED-
holzdtftBt lnesinthezemorderbeammom usuallyrecordedasithas LAYER STRUCTURES. Brian W. Dodson, Sandia National Labs,

proved difficu to obtats consistently clear defic patterns. T hhvou Albuquerque, NM 87185
of the excess hole reflections indicates the transition fom a rained layer
superlattice to a dislocated stricture as the thickness of the layers A great deal of work on the problem of stability and
increases for a given COIpoitO. Th7se results am discuSsed with relaxation of strained-layer structures has recently been
respecttoposabiestrainrelaxation mechaismsinthese sample . carried out. This has led to a basic understanding of

mismatch accomodation via biaxial strain and the

D4 .5 mechanisms and associated kinetic: of structural relaxa-
tion via plastic flow. Accomodation of lattice mismatch,

ELECTRON CHANNELING ANALYSIS OF ELASTIC STRAINS IN however, need not be accomplished solely by biaxial strain
InGaAs THIN FILMS. R. Keller, W. Zielinski, W.W. and/or glissile misfit dislocations. Other possible
Gerberich, and J. Kozubowski, University of approaches include interdiffusion, formation of ordered
Minnesota, Minneapolis, MN. alloys, spinodal decomposition, lattice tilt, and various

forms of pseudomorphic growth. In this paper, the roles
Elastically-strained layers in thin film systems of lattice tilt, 3-d growth mode, and glissile generation
have received a great deal of attention recently. of edge dislocations will be discussed, based on continuum
Of particular interest are the opto-electronic and atomistic models of the energetics of the competing
processes in these strained systems and their structures.
potential failure due to defect mechanisms.
Proper characterization of the elastic and plastic This work was performed at Sandia National Laboratories
strain fields arising from lattice-mismatched and was supported by the U.S. Department of Energy under
epitaxy is therefore essential to a better Contr.act DE-AC04-76DP00789.
understanding of these items.

In.Ga 1 _,As (x-0.05) thin films were grown by MBE on D4.8

(100) GaAs substrates. The associated 1.3% A STUDY OF DISLOCATION BENDTNG, PROCESSES AT
lattice mismatch resulted in the development of an STRAINED LAYER INTERFACES. S.A Husien,
elastic strain field in the system. Electron
channeling patterns (ECP) were then obtained from J.C.L. Tarn, J.-R. Gong and S.M. Bedar. Electrical and Computer
these samples in an SEM at different accelerating Engineering Department, N.C. State University, Raleigh, North
voltages. This allowed ECP's to be obtained from Caroina
various information depths within the samples.
Crystallographic data was therefore collected from An energy model was developed to evaluate the minimum critical
both sides of the InGaAs/GaAs interface after the layer thickness in strained layer structures that is required to block
entire system was produced. An image analysis threading dislocations. The model calculates the change in thesys-
system was used to measure interplanar spacings
and hence elastic strains from the patterns. t energy that results from the presence of a bent dislocation 9eg-

ment at the strained interface. Calculations show that a threading
Lateral strains parallel to the interface varied dislocation has to overcome an energy barrier before gliding along
with distance from the interface. The strain the Interface, indicating that the bending process is thermally
fields also varied with film thickness. activated. Also, bending of the dislocations becomes more favorable
Implications on misfit dislocation formation and by increasing the value of the strain and/or thickness of the strained
the relevance of the ECP technique for elastic film.
strain characterization will be discussed.

The predictions of this model were experimentally verified by investi-
D4.6 gating the interaction of dislocations with strained layer superlattices

GROWTH AND RELAXAiLiv OF STRAINED HETEROSTRUCTURES. JLY. in GaAs grown on Si. Three sets of GaAsP/InaAs strained super-
Tsao. Sandia National Laboratories, Albuquerque. NM lattice buffer .layer structures were epitaxially stacked, with layers
87185. having the lowest strain closest to the GaAs/Si interface. The values

of the strain used in this study were 0.0075, 0.0108 and 0.0135. Such
How growth conditions correlate with the structural per- structures were studied by TEM, both as grown and after cycle
fection of strained epitaxial films is an interesting and
fundamental materials science question. The original anneing. We found that the length of the bent dislocation segment
equilibrium theories of van der Nerwe, Matthews, and ncream with the value of strain, and annealing greatly enhances the

coworkers predicted that, below a critical thickness, probeyof dislocation bending.
latticoe mismatch would be accomodated entirely by film
strain. Above this thickness, film strain would be partly We will report on how the above findings can impact in the quality
relieved by misfit dislocations. of GaAs grown on Si substrates.

In many semiconductor systems of interest, however, these
theories are too simple. Often, structures which should D4.9
exhibit strain relief do not, and other structures which
should not, do. The issue is not merely an academic one: DISLOCATION DENSITY REDUCTION IN GaAs EPILAYERS ON
current state-of-the-art heterostructure devices require SILICON USING STRAINED LAYER SUPERLATTICES. S.
epitaxial layers as highly strained as possible. In this Sharan, M. Sanganeria. K. Jegannadham and J. Narayan, Dept.
talk, recent work will be reviewed which has helped
resolve this question, and which has led to a unified view of Materials Science and Engineering, North Carolina State
of the stability and metastability of strained epitaxial University, Raleigh , NC 27695-7916
fi lms,

This work vas performed at Sandia National Laboratories We have investigated the role of strained layer superlattices
and was supported by the U.S. Department of Energy under (InGaAs/GaAs) in reducing the threading dislocation density in
Contract DE-AC04-76DPO0789. GaAs epilayers grown on silicon substrates by Organometallic

Chemical Vapor Deposition. Various combinations of superlattice

layers have been used to study the effect of superlattice period,
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thikesadcmoiino hereutoofdscainesty D5 interaction of threading dislocations with the strained layer THE GROWTH MECHANISM OF EPITAXIAL Si"e
superlattices has beon studied using cross-section and plan view HETEROSTRUCTURES PRODUCED BY WET OXIDATION OF
transmission electron microscopy. The use of the strained layer NaviGl Teer hI Labortory Washinrgton, D .
superlattices is found to lower the threading dislocation density in 20375; and A.K. Rai, Universal Energy Systems,
the epilayers. The period and the thickness of the superlattice Inc., Dayton, OH 45432.
layers have been tailored such that misfit dislocations are formed
by the bending of threading dislocations and not by nucleation of Epitaxial SiG/lsi structures have been formed
misfit dislocations. We have developed a model for analyzing the by annealing from amorphous SiGe films deposited
bending of threading dislocations at the strained ouelttc n a Si(100) substrate at a pressure of 1x10'7

suprlttce Torr. Under vacuum or nitrogen ambientinterfaces. This model is based on the energy balance between annealing, the resultant films werethe coherent energy of the superlattice and the energy required to polycrystalline, but when subjected to vet

bend threading dislocations at the supelattice interface. opidtionat The reuthich willr e fudiscusse
indicate that the presence of an initial native

D4.10 oxide precludes solid phase epitaxy (SPl) under
standard annealing conditions, but epitaxy canTHE KINETICS OF STRAIN RELAXATION IN InGaAs/GaAs be achieved under oxidation conditions. TheSTRAINED MULTILAYERS David . aine and Morgan Kssrk, Brown effect of initial Ge concentration on theUniversity. Providence, Rhode Island, and Robert N. Sacks, Timothy C.oxdtnrae oietap ng fGe adte

Eschrich. and William J. Tanski, United Technologies Research Center, epidtian groth, rate wri alof e, coerd the
East Hartford, ConnIctiCUL analysis techniques applied include reflection

electron diffraction (RED), ellipsometry, cross-
in hi pperwereortonou stdis f sran elaatonin iglysectional and plan-view TEN, and Rutherford

Inths ape werprsnorsuiso tanrlxto nhgl u35in5d Backscattering.
InG(l.x)As/GAs (0.1<cx<0)3) multilayers grown by MBE on GaAs at

I 4200C we hye characterized defect densities and stirain relaxation using.
0principally. TEM and double crystal X-ray techniques. The thickness of the D5_ 3

films that were studied (20 periods repeating with -l10am InGaAs/l0 am SOLID PHASE EPITAXIAL REGH0JTH OF GexSi 1 ON 11001 Si
GaAs) far exceeds the criticali thickness predicted by strain energy 0. Z. Hong, AJ.Yu, J.IJ.Mayer, Departmen of materials
calctilations. Nevertheless, the as-gown misfitdilocation densitythat was Science and Engineering, Cornell University, Ithaca, Newmeasured is well below this level due to limited defect nucleation anid York 14853; J.M.Poate, J.C.Bean, D.J.Eaglesham, AT&T Bell
growth kinetics at the deposition temperature, We have studied the rate at Labs, Murray Hill. New Jersey 07974
which strained films melax as a functio of post-growth annealing time and Sldpaeeiailrgot fG i (%x6% nS

1clauawchas been investigated. The! MBE gjovAk6. Si was firat
A global actvation energy was determined for dislocation nucleation and amorphized by 300-500 key S i ion beamg 4f~ore being

grothiourysembdetrinnigthdegeeoreauaiondisocto annealed in avacuum furnace in the temperature range of
density) as afunction of time and temperature. To do this we performed 47to55C.FrsplswhloGeotntx8) te
proxiinity anneals attemperatures between 500 and100OC in aRTAand epitaxial regrowth proceeded in a layer by layer fashion,
measured, by plan view TEM. the resulting dislocation-density. In with the regrowth rate linearly proportional to the
addition long time anneals (fro Ito 48 hrs) at the growth temperature annealing time. The minimum yield recovered to 4% when the
(420rC) were used toaccuately determiethe rate of defect nucleation and entire film was recrystallized. However samples with more

growh taziexpctedurngmltilyerepoitininheMBE.Ge concentrations exhibited a non-planar-recrystalization
groth hatis xpete duingmulilaer e~siton n te MF-behavior, as indicated by both Rutherford bsckscattering

In addition. defect interaction and mul:ilicatio mechanisms aebe spectrometry and transmission electron microscopy.
documented. ~ ~ r _ 111=rpe es-ucioa ~mcogahhave been Furthermore the minimum yield of the Ge rich samples after

ocumnedhForseoag pls.ggestamecaiamoteomiOnofhv"haede regrowth was several times larger than that in the
defects in the GaAs buffer layer. We have shown that the sanield asdpitdtt.
around certain groups of dislocation in the toultilayers can locally force a
misfit (with a perpendiiculair line direction and parale Burgers vecto) lying D5. 4
ini the stibstiuiehi siltilaycr interface ito the substrae. SOLID PHASE EPITAXIAL REGROWTH OF SiGe STRAINED LAYERS

AMORPHIZED BY ION IMPLANTATION. B. J. Robinson,
D5i1l B.T. CHIILTONt 4 D.A. Thompson, Centre for Electrophotonic

Materials and Devices, McMaster U~niversity, Hamilton, Ont.,
PROPERTIES AND DEVICE APPLICATIONS OF Si.Ge. ALLOYS. Canada L8S 4MI.
Subramanian S. hver. IBM Research Division. TJ. Watson Research Center. P0
Box 218 Yorktown Heights, NY 10598. Capped strained layers of Si, Ge on (100) Si grown by

molecular beam epitaxy and initially coherent have been
Using low temiperature epitaxial growth techniques. pseidomorphic Si,.,Ge. al amorphized by ion implantation at 40K with 120 keV As +.
lovs may be grown either on Si substrates or on suitably modified relaxed buffer Subsequently, the structures have been regrown by solid
layers of differing composition and lattice constant. Itis thus possible to syntthesize phase epitaxy at 600*C for 300s.. Rutherford backacattering/
heierostitictures with a wide vsriety of basndgaps anid relative band igpnents, channeling and transmission electron microscopy have been
Such structures have seversl device applications, such as hcterojussction bipolar used to characterizo the structure of the layer before
transistors and resonant tunnelling diodes. in this paper we review the properties and after implantation, and after regrowth. The measure-
SiSt,Ge5, heterostructures in the context of device processing. These include ments yield the range of concentration and strained layer
considerations for the growth of abrupi lseteostnjctures. and the stability of the thickness over which solid phase epitaxy can be used to
heterostuctures to thermsal processing and oxidation. Heterojunction bipolar recover the 1-titial coherency strain. Results are compared
transistors with Si...Ge. beses and resonant tunnelling devices have been fabri- with theoretical models of equilibrium and metastable
cateu We review the design criteria and present some principal results. It will be strain states.
shown that the use of Si._.Ge. alloys can provide significant leverage in Si tech-
nology.
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D5.5 levels where the band offsets are large. The maximum Ge

REDUCTION OF DEFECT DENSITY IN HETEROEPITAXIAL GexSi t  content attainable during growth of such films is normally
GROWN ON PATrERNED Si SUBSTRATES. E.A. Fitzgerald. P.9 imposed by the transition from 2D layer-by-layer growth to 3D
Freeland, Y.-H. Xie. AT&T Bell Laboratories, Murray Hill, NJ 07974. island growth. Previous RHEED and RBS studies of very thin

Ge layers have suggested that islands forming at this unwetting
We have grown MBE Ge Si1 x semiconductor alloys on mesas fabricated on transition are already relaxed by misfit dislocations.
(001) Si substrates. Singife ler films with x<0.5 were deposited on mesas
25-200 microns in lateral dimensions, as well as large area control specimens. Here we present a study of the nucleation and growth of Ge
Threading dislocation densities were measured with chemical etching and (and high-Ge alloys) on Si (and SiGe) by MBE. A combination
transmission electron microscopy (TEM), and misfit dislocations were revealed of in-situ RHEED and Auger with ex-situ TEM is used to study
using chemical etching and plan-view TEM. the kinetics of the transformation as a function of temperature,

For low strain levels, we see a reduction in misfit and threading dislocation and surface cleanliness. It is shown that islands are
densities as compared with the unpattemed. large area growth. Wet-etching dislocation-free when formed, and grow without the
shows a large decrease in threading dislocation density, and we observe mesas introduction of misfit dislocations up to island thicknesses far
in TEM which are dislocation-free. The effect of heterogeneous nucleation in excess of the critical thickness (up to -10 he). This
sources of misfit dislocations are limited to the mesa which contains the phenomenon is explained in terms of strain relaxation by
source; i.e. the yield of low defect density area increases due to the island deformation. The implications of these observations for
confinement of the dislocation source. the growth of high-Ge alloys are discussed.

For high strain levels, the average misfit dislocation length becomes much less D5.8
than our 25 micron mesa, resulting in less effective defect reduction. We will
discuss our latest results concerning defect reduction for layers with higher MORPHOLOGY OF GE FILMS GROWN LAYER BY LAYER ON SI01OI) EK.
misfit stress. LeGoes. M. Copel and R. Tromp IBM Research Division. Thomas ]. Watson

Research Center, Yorktown Heights, NY 10598.

By examining relaxation of heteroepitaxial films with a range of strain levels
on mesas, a clear correlation is made between the amount of relaxation in a The preferred mode of growth for germanium on Si(0Ol ) is layer by layer for three
strained film and the available sources for misfit dislocation nucleation. monolayerS. followed by islanding. The resulting morphology consists of a com-

pletely relieved Ge layer, wbere the relief is accomplisbed by a network of dislo-
D5.6 cations. In the present work, we have studied the morphology of 15 monolayers

EX'ERIMENTAL STUDIES OF KINETIC EFFECTS IN thick Ge films that have been forced to grow layer by layer by saturating the Si sur-
STRAINED LAYER EPITAXY R.Hull and J.C. Bean, AT&T Bell face with As prior to Ge growth. In this case, no dislocations are observed. Instead,
Laboratories. 600 Mountain Avenue, ,Turray I Hill, NJ 07974. the strain is relieved by a novel, never before observed defect, consisting of two Z9

The reiaxation kinetics of strained layer epitaxy in the boundaries and a twin plane. These defects are formed catastrophically and only

GeSi y/Si system is studied by transmission electron microscopy involve local rearrangement of atoms. We explain this unusual morphology by the

(TEM) ostructures which are annealed both in-situ and ex-situ absence of nucleation sites for dislocations during layer by layer growth. This also
from the microscope. ln-situ annealing in the TEM allows direct means that islanding. or rather, the edges of island must be a necessary condition for
dynamic observation of the introduction, propagation and dislon formation during MBE.
interaction of misfit dislocations. Annealing in the original
molecular beam epitaxy growth chamber serves as a control for the
in-situ annealing experiments, and also allows us to investigate the D5. 9
effects of the presence/absence of an amorphous surface native
oxide on dislocation nucleation and propagation. MISFPI DISLOCATION NUCLEATION AND MULTIPLICATION AT

Ge 5 Sil. x/Si INTERFACES. D.D. Perovic, G.C. Weatherly, Dept. of

The in-situ experiments enable us to quantify and to decouple Metallurgy and Materials Science, University of Toronto, Toronto Canada

dislocation nucleation, propagation and interaction processes. The M5S IA4; and D.C. Houghton Division of Physics, National Research

relative importance of these processes depends crucially upon layer Council, Ottawa Canada KIA 0R6.

thicknesses and compositions and upon the structure geometry.
At low lattice mismatch strains (x <-0.25 in Ge.Si1 _.), In the study of elastic snain relaxation in semiconductor heterostructures, a

relaxation is nucleation-limited as the density of pre-existing defect number of misfit dislocation generation mechanisms have been suggested

sources in the material is insufficient to allow effective relaxation. to account for the high interfacial dislocation density observed in these

At higher strains extra sources, such as half-loop nucleation at the almost defect-free crystals. Several GexSitx/Si heterostructures, both in
growtlh surface, are generated. Dislocation velocities vary widely the as-grown and annealed condition have been studied using transmission
from A.sec- I to um.sec- I at the growth temperature of 550 C, electron microscopy. The results indicate that some of the popular theories
depending upon the structure geometry. Single GeSi1 _, layers of dislocar )n generation are less important or not applicable based on both

rown upon a free Si surface are very thermally unstable: theoretir and experimental considerations. Specifically, it will be shown
annealing to temperatures > the initial growth temperature that (i) ,nerogeneous sources in these so-called "perfect' crystals play a
immediately initiates motion of pre-existing dislocations, dominant role in the operative nucleation mechanisms, (ii) the Hagen-
Comparable GeSii- 1 layers buried beneath a Si cap of the order Strunk dislocation nucleation mechanism is inoperative under most
of thousands of A thick, however, exhibit far greater thermal conditions in this system and (iii) the strain relaxation behaviour during
stability, with dislocation velocities three orders of magnitude growth may be different from that observed in metastable structures
lower than in the single interface structure. Finally, we find that annealed after growtN.
dislocation interactions can be the crucial limiting process in
determining the strain relaxation rate in very thin epilayers, inter-
dislocation forces defining an effective "critical thickness" below D5. 10
which defects may pin each others motion. DISLOCATION BEHAVIOUR IN OexSii.x EP.AYERS ON (001)S

RL. Kamm1, D.M. Mahe # , and CJ. Humphreys, "Department of
D5.7 Materials Science and Engineering. The University, Liverpool L69 3BX,

THE 2D-3D TRANSITION IN THE MBE GROWTH OF Ge/Si L. wraake Aboratory, I Cyclotron Road, Berkeley, CA 94720.

D.J. Eaglesham and M. Cerullo, AT&T Bell Laboratories, 600 #AT&T Bell Laboiraw5, 600 Mountin Ave., Murray Hill, NJ 07974
We have observed that the nature of misfit dislocations introduced

Mountain Avenue, Murray Hill, NJ 07974, USA near the critical thickness in Ge1 Sil.1 alloys on (001)Si changes maredly
in the region 0.4 T x 0.5. At or below the lower end of this

The growth of Ge and high Ge content alloys on Si is a subject o posional range, the observed microstructwe is comprised almost
of increasing technological interest, particularly at high Ge entirely of 60' type dislocations, while at the high end, the dislocation
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struc re is almost entirely Lomer edge type. Asaconsequence of this increasing size (150<T<300*C)s flat with simultaneously good

change, the dislocaion density at the top of the epilayer varies by a factor epitaxy (approx. 300"C); perfect epitaxy but discontinuous
of 1000. Similarly, several other observables (e.g. dislocation length and as material migrated over the surface into single crystal

spacing) also change appreciably. islands (>345"C). The window of conditions for complete

Part of the reason for the morphological variation seem to be a coverage by flat single crystal is narrow and shifts with

change in the source for dislocation introduction, in conjunction with a changes in surface nucleation density. Subsequent layers

change in glide behaviourof dislocations asafunction of film thickness. follow the buffer layer morphology closely therefore flat,

Evidence will be presented that indicates strain, as wel as thickness, has a almost perfect-crystal buffer layers were grown and then

criticalvalueforsomedislocationintroductionmechanisms, andthatthese recrystallised, without roughening, by an in situ anneal.

together determine the resulting mierostructure.
Furthermore, it appears unlikely that the edge-type Lomer D6. 3

dislocations which appear at about x = 0.5 are either introduced directly by
climb, or grown in, as in the three-dimensional island growth and AN INVESTIGATION OF THE DISLOCATION STRUCTURE OF THE
coalescence which occurs when x approaches unity. Instead, a two-step NI/AG PHASE BOUNDARY. Thomas A. Bamford. Wilkes College,
mechanism involving glissile dislocations is proposed and discussed. Wilkes-Barre, PA.
D6. 1 The Ni/Ag interphase boundary structure in the parallel cube-on-cube

orientation was studied for the boundary planes (001) and (011).

METASTABILITY IN SINGLE CRYSTAL EPILAYERS AND Coarsely spaced dislocations were found in all annealed interfaces; the
SUPERLATTICES GROWN BY MhF. R. Du and CP. FiVnn origin of these was apparently differential thermal expansion of the

bicrystal film. A detailed search for intrinsic periodic structure consistent
Materials Research Laboratory and Department of Phy-ics, with the 0-lattice construction was made using X-ray diffraction, electron
University of Illinois at Urbana-Champaign, '04 S. Goodwin, diffraction and transmission electron microscopy. No evidence for this
Urbana, IL 61801 could be found; such a relaxation, if present, is very weak. It is unlikely

that such a small relaxation could account for the relative energy minimum
associated with the parallel cube-on-cube orientation found by previous

We have discovered that the (1102) planes of hexagonal v. . Is investigators.
can be gown tilted on the 211 plcnes of we" metals. The ep, ije-
grows as a coherent, unstrained single crystal. In effect it foons C D6.4
low angie asymmetrical tilt boundary with the substrate. A
regular arrangement of dislocations evidently glides to the EPITAXIAL GROWTH OF Cu-Ni SINGLE CRYSTAL ALLOYS AND
interface driven by the long range epitaxial strain, thpreby SUPERLATTICES BY MOLECULAR BEAM EPITAXY.
relieving the elastic strain energy. Tilt angles up to 7" can be R.P. Burns Research Triangle Institute, Research Triangle Park, NC and
designed, a,,d the angle predicted from the requirement of Department of Physics, North Carolina State University, Raleigh; Y.H.
interfacial raherence with zero lone r~r',5 !-::. ,,. u. . .t Lee, Department of Materials Science and Engineering, North Carolina
range 0-7' the observed tilt ant :s atree v it. the predictio.:.. to State University, Raleigh; N.R. Parikh, Department of Physics and

0.1". Intertacial processes w. :h 'his e~ega- ., precision 3ad Astronomy, University of North Carolina, Chapel Hill; J.B. Posthill, M.J.

simplicity do not appear to l.av. been ober, ed before. "-ne Mantini, R.J. Markunas, Research Triangle Institute, Research Triangle

selection of one of twu equl, alent tilts nvolves a symmetry Park, NC

breaking that depends on tht.m',.cu1 of th: sapahmite siASLrates Epitaxial growth in the Cu-Ni system is presently being explored as a
employed here for bet grow -... applicatiors of means of fabricating a lattice matched, defect free substrate for either
superlattices prepared in thts wa' for x-ray and neutro optics the direct deposition of diamond, or for deposition of a suitable inter-
are discusscd. layer to promote diamond nucleation. Epitaxial metal films have been

grown by molecular beam epitaxy which are of higher quality than

This research was supportsd in 1 rt by t: e D,p.rtment ,)f commercially-available single crystal substrates. Since the lattice con-
Energy, Division of Mat,ria's Szi ."e "or ri : LAE-Ar0 2- stants of Cu (a - 0.3615 nm) and Ni (ao - 0.3524 nm) straddle that of

diamond (a, - 0.3567 nm), lattice-matched epitaxial alloys can be fabri-
76ER01 198. cated for a wide range of diamond growth parameters. Cu-Ni epitaxial

alloys of varying composition have been grown at the 150-300 * C range
D6.2 to investigate the possible occurrence of spinodal decomposition, which

MICROSTRUCTURE OF FCC/BCC METAL MULTILAYERS. Nigel.M.Jennett has been reported in the literature. Spinodal decomposition has not been

and D.J.Dingley, Dept. Physics, Bristol University, England. detected with transmission electron microscopy. Strained layer superlat-
Y.Ando, Dept. Applied Physics, Nagoya University, Japan. tices have also been grown in order to potentially deflect dislocations ori-

ginating at the substrate/epilayer interface. Multilayers and superlat-
metal multilayers of Fe/Cu, v/cu and Fe/Ni have been grown tices of varying composition and thicknesses will be discussed. In vacuo
in either NV or uh'v evaporators for the investigation of cleaning techniques and subsequent characterization by AES, XPS, and
magnetic properties. A buffer layer of 800-1500. Cu was LEED of the bulk substrates have been developed and will be described.
used between mica substrate and multilayer. Systematic D of the sutra ha be e vo n will be de
experiments were performed to investigate microstructure as Determination of the structural quality of the grown films has been made
a function of vacuum euality and substrate temperature, by: XRD, SEM, TEM, RBS/channeling, and LEED. AES and XPS

7 demonstrate that epitaxial metal films can be grown free of impurities
Cu/Fe foils grown between 100'C and 500*C at 2-4x10 mbar (particularly carbon) that are normally found in bulk substrates.
exhibited a complex structure in which the Cu grew in (111)
epitaxy and the Fe divided between the Kurdjumov-Sachs and
Nishiyama-Wassermann orientation relationships and with a 06. 5
lath-like microstucture reminiscent of martensitic needles
in ferritic steels. These laths grew laterally with STRUCTURAL AND ELECTRONIC PROPERTIES OF Pb/Cu
increasing foil thickness, approximately maintaining a MULTILAYERS. Dominique Neerinck, Kristiaan Temst, Hans

constant aspect ratio and perturbed the foil surface such Vanderstraeten, Yvan Bruvnseraede, Laboratorium voor Vaste
that the surface morphology, as observed by SEX, Stof-Fysikaen Magnetisme, Katholieke Universiteit Leuven, B-3030
corresponded closely to the lath distribution. In general,
perfection of microstructure was much improved by growing in Leuven, Belgium; and Ivan K. Schuller, Physics Department - B019,
UNV conditions. Lower contamination rates allowed a slower University of California-San Diego, La Jolla, California 92093, USA.
evaporation, a higher surface mobility and thus a reduction
in the substrate temperature necessary to achieve epitaxy. We have prepared Pb/Cu multilayered structures on liquid nitro-
With increasing temperature, foils were polycrystalline and Sen cooled substrates (for layer thicknesses below 200 A) and on
of uniform thickness (<100"C)i rough with columnar grains of
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room temperature substrates. The high angle X-ray diffractioi, wavelength value of A - 2 A. We have measured the dispersion of
spectrum indicates the presence of interfacial disorder of a contin- the phonon mode velocities for Ag-Pd and Cu-Co multilayers as a
uous kind (crystalline/amorphous like). In the low angle spectrum function of A for samples with A in the range 10A to 100,. The
pronounced minima occur at positions given by q=21r/A, where
A is the bilayer thickness. This is in contradiction with Pb/Ge A-dependence of the effective elastic constants of the multilayer
(crystalline/amorphous) multilayers, where minima are observed samples, which was obtained by comparing the data with calculated
at positions q=2r/D with D the Pb thickness. This behavior is ex- dispersion curves for the phonon modes, will be discussed.
plained by taking into account the optical properties of the individ-
ual layers. The electronic elastic mean free path in the individual twork supported by Office of Naval Research grant N00014-88-K-
layers, obtained from resistivity measurements, is limited by the
layer thickness for the thinnest samples, while a saturation occurs
for the thicker layers. This saturation is probably due to the poorer
structural quality of the thicker samples. 'G.E. Henein and J.E. Hilliard. J. Appl. Phys. 54. 728 (1983).

This work is supported by the Belgian Concerted Action (G.O.A.), D6. 9
Inter-University Attraction Poles (I.U.A.P.) and I.LK.W. programs.
(at K.U. Leuven) and the U.S. Department of Energy grant # DE- EPITAXIAL Fe/Ag AND Mn/Ag SUPEIRLATTICES. S. Nahm. aid

L. Salamanca-Young, University of Maryland, College Park, N 1) 20742:FG03-87ER45 (at U.C.S.D.). International travel was provided by and 13. T. Jonker, J. J. Krebs, and G. A. Prinz, Naval Research Labo-
NATO. D.N. is a Research Assistant of the Belgian N.F.W.O. and ratorv, Washington, DC 20375-5000.
K.T. and H.V. are Research Fellows of the Belgian I.I.K.W.

We studied the epitaxial growth and structural properties of Fc/Ag and
D6. 6 Mn/Ag superlattices grown on (001) GaAs substrates using Transmis-

sion Electron Microscopy. A buffer layer of either Ag or ZnSe was grown
SURFACE STRESS EFFECTS ON THE ELASTIC MODULI OF on the (001) GaAs substrate before the growth of the superlattice to
SUPERLATTICE THIN FILMS. R.C. a maza, K. Sierdzki, and obtain good quality films.Ill, 12] Both Fe/Ag and Mn/Ag superlatti-es
F. Streitz, The Johns Hopkins University, Baltimore, MD 21218. with Ag buffer layer show very sharp interfaces. In the Fe/Ag super-

lattice the in-plane < 100 > direction of Fe is parallel to the < 110 >
A model is presented which predicts a significant sample-size effect on direction of Ag. In this configuration the Fe layer maintains its bulk
the elastic moduli of superlattice thin films possessing small layer repeat bcc structure. On the contrary, in the Mn/Ag superlattice our results
lengths. Due to the presence of incoherent interfacial stresses, biaxial show that the growth of the Mn layer is pseudomorphic with the Mn
in-plane elastic strains are created which are approximately inversely layer being fct rather than bct. Both fct and bet structures had been

proportional to the layer repeat length A.. When A is of the order of suggested to be possible structures for this layer.2] The structure of
the Mn layers in the superlattice is studied as a function of Mn layerlnm. these strains can be of the order of 1%, inducing nonlinear elastic thickness. Our TEM results show that both kinds of superlattices have

behavior. This model is able to explain in a semi-quantitative way the similar densities of dislocations of l 1O9cm - 2 . Some of the disloca-
supermoduluseffectincertainmetallic superlattices tions originate within the superlattice film and others in the Ag buffer

layer. The dislocations are edge dislocations with Burgers vectors along
7 < 110 > directions. The densities of dislocations for the Fe/Ag super-

lattices grown on a ZnSe buffer laver were -_ 10cm-2 . We will present

ANALYSIS OF Au/Ni MULTILAYERS BY X-RAY DIFFRACTION. J. detailed studies of the interfaces in the superlattices as well as the
Chaudhuri, S. Shah, V. Gondhalekar, Mech. Eng. Dept. and interface between the Fe seed layer and the GaAs substrate.
The Inst. for Aviation Research, The Wichita State Univ., The work by S. N. and L-S-Y was supported by the National Science
Wichita, KS 67208; and A. F. Jankowski, Lawrence Livermore Foundation No. DMR-87-1017.
National Laboratory, Livermore, CA 94550.

(11 J.J. Krebs, B.T. Jonker, and G.A. Prinz, J. Appl. Phys, 63, 3467,
Profiles of strain within individual layers in Au/Ni multi- (1988).
layer system were obtained by iterative fitting of the [2] B. T. Jonker, J.J. Krebs, and G.A. Prinz, Phys. Rev. B39,
experimental diffraction pattern with a kinematic model. 1399,(1989).
The depth profile of strain in the modulation direction was
obtained for these metallic multilayers with repeat period-
icities ranging from 1.19 nm to 4.26n. An attempt was made Db.10
to correlate the "supermodulus effect" present in the Au/Ni
system with.the strain distributions obtained from this GROWTH AND CHARACTERIZATION OF (Mn/Ag) (001)
kinematic model. A significant volume fraction of interT SUPERLATTICES,* B ,T.ljgj. Y.U. ldzerda, J.J. Krebs and G.A. Prinz,
faces is present in these nanometric scaled periodic struc- Naval Research Laboratory, Washington, D.C. 20375-5000.
turs. in an attempt to stabilize the bc phase of Mn, predicted to be

ferromagnetic,1,2 we have grown single crystal Mn films and coherent
D6.8 (Mn/Ag) superlattices on Ag(001) by MBE.3 In a simple constant volume
ELASTIC PROPERTIES OF FCC-FCC METALLIC approximation based on the Wigner-Seitz radius of o-Mn, one would

expect a bcc lattice constant of 2.89 A, while recent total energy
MULTILAYERS1 ". John R. Dutcher, Sukmock Lee. Jeha Kim. calculations predict %n equilibrium lattice constant of 2.79 ). 2 Thus the
Craig D. England, George I. Stegeman and Charles M. Falco, Optical 2.89 A square surface net of the Ag(001) plane is expected to provide a

good template with which to stabilize the bcc structure.
Sciences Center and Department of Physics. University of Arizona. The Ag(001) substrate films were grown on 5 monolayer (ML) Fe(00l)
Tucson. AZ 85721. seed layers grown on ZnSe(D0) epilayers, which were grown in turn on

bulk Ga~s(00) substrates. The superlattices had 20 to 100 periods, with
periods consisting of 1, 2, 3, 5 and 14 ML's of Mn and 10 - I5 ML's of

The surface acoustic phonon mode of sputter-deposited Ag-Pd and Ag. The structure of the samples was determined from a combination of
RHEED, x-ray diffraction, and conversion electron extended x-ray

Cu-Co multilayers were studied using Brillouin light scattering. absorption fine structure measurements. X-ray 8-2e scans show
Both of these metal combinations are fcc-fcc. Enhancements of the prominent and well-resolved multiple satellite structure around the high

angle Ag Bragg peaks, as well as low angle diffraction peaks produced
biaxial modulus (the "surmodulus affect") have been reported for by the superlattice period. We find that although the Mn(O01) films are
Ag-Pd' and other fcc-fcc multilayers near a multiayer modulation pseudomorphic with the substrate and exhibit the desired 2.89 A square
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surface net, they are tetragonally distorted along the surface normal, 49GHz and a f of 62GHz whereas static frequency dividers have
with an out-of-plane lattice parameter which decreases with increasing operated at 13Lhz. Optimization of MBE growth conditions of
film thickness up to 5 ML. Films thinner than 3 ML (corresponding to GalnAs and AlInAs on (100) InP and vicinal substrates and their
one complete unit cell) are nearly fcc, while by 5 ML they exhibit a impact on device performance will be discussed.
body-centered tetragonal structure which does not change with additional
thickness. Beyond approximately 14 ML, the films cannot maintain the
single crystal phase. These results are compared with corresponding x- D7. 2
ray photoelectron diffraction data. We detect no significant MATERIALS AND DEVICE CHARACTERISTICS OF PSEUDO-
ferromagnetic contribution at temperatures down to 5 K. MORPHIC AIGaAs-InGaAs-GaAs and AIInAs-InGaAs-lnP HIGH
1. G. Fuster el al.. Phys. Rev. B 38, 423 (1988). ELECTRON MOBILITY TRANSISTORS. J.M Ballingall, Pin Ho, G.J.
2. V.L. Moruzzi and P.M. Marcus, Phys. Rev. B 38, 1613 (1988). Tessmer, P.A. Martin, T.H. Yu, P.C. Chao. P.M. Smiti. and K.G.H. Duh,
3. B.T. Jonker. JJ Krebs and G.A. Prinz, Phys. Rev. B 39, 1399 (1989). General Electric Electronics Laboratory, Syracuse, NY 13221
* This work was supported by the Office of Naval Research. (INVITED).

D6. 11 High electron mobility transistors (HEMTs) with single quantum well
active layers composed of pseudomorphic InGaAs grown on GaAs and

FORILMATION AND STRUCTURE OF Mo THIN LAYERS ON lnP are establishing new standards of performance for microwave and
Ni((XI1) AND Mo-Ni SUPERLATTICES. Y.H. Lee, Department of millimeter wave applications. This is due to recent progress in the

i(lmolecular beam epltaxial growth of strained InGaAs heterostructures
Materials Science and EnginCering, North Carolina State Univer- coupled with developments in short gate length (sub-O.2um) device
sity, Raleigh, NC; R.P. Burns, Research Triangle Institute, fabrication technology. This paper reviews this progress and the
Research Triangle Park, NC and Department of Physics, North current state-of-the-ar for materials and devices,
Carolina State Unitersity. Raleigh ; J.B. Posthill, M.J. Mantini and The critical thickness for strained layer structures Is now generally
R.J. Markunas. Research Triangle Institute, Research Triangle recognized to be a function of epitaxial growth conditions, with growth
Par. NC; K.J. Bachmann, Department of Materials Science and temperature being the key parameter, apparently controlling misfit
Engineering, North Carolina State University. Raleigh, NC. dislocation kinetics. This has enabled the growth of InGeAs quantum

wells with higher InAs mole fractions (and hence strains) than previously
attainable, resulting in metastable strained layer HEMTs, i.e., with

ic: Leeroepitaxial diamond growth, Mo along with certain other strains exceeding the currently accepted limits for stability against misfit
transition metals are considered to be possible substrates because dislocation formation. While dislocations can now be controlled to a

greater extent than previously, there is mounting evidence that strain
of their reactivity with carbon..However, Mo is not lattice-matched strongly influences growth kinetics and hence layer quality, independent
to diamond. The formation of a metastable, pseudomorphic over- ofdislocation formation.
layer of Mo (normally bcc, a 0=0.314nm) on diamond-lattice-l Increasing the InAs mole fraction of the quantum well provides
matching single crystal surfaces like Ni (fee, a0=0.352nm) and substantial enhancement of the active layer electron confinement
metallic multilayers represents a possibility for combining potential and the effective electron velocity, more than offsetting any
enhanced chemical reactivity with lattice matching. deleterious effects of strain on transistor performance. While strain Is
Ultrathin( < 2nm) overlayers of Mo have been grown b molecular generally considered a risk factor for the reliability of electronic devices,•i -ow Is notable that the reliability of HEMTs with active layer strains
beam epitaxy on single crystal Ni(O0l) substrates. A systematic exceeding 2% appears to be comparable to conventional GaAs field
study by in situ LEED, XTS and AES on overlayers of varying effect transistors. This research is partially supported by the Air Force
thicknesses was used to determine the nucleation and growth Office of Scientific Research (AFSC) Contract F49620-88-C-0054.

processes of these thin films. Thicker layers of Mo(>5Onm) and
superlattices of Mo-Ni system were also grown on Ni(001). Assess- D7. 3
ment of the Mo/Ni(001) system and the Mo/Ni/lo/NiO01) super- X-RAY DIFFRACTION STUDY OF InAlAs-JnGaAs ON InP
lattices was made utilizing LEED. SEM, TEM and X-D. Composi- HIGH ELECTRON MOBILITY TRANSISTOR STRUCTURE
tion was determined via in situ XTS and AES. PREPARED BY MOLECULAR-BEAM EPITAXY. H.Y.LIU,

Y. C. Kao and T. S. Kim. Central Research Laboratories, P.O.
Box 655936, MS 147, Texas Instruments Inc., Dallas, TX 75265D7. 1

High-Electron Mobility Transistors (HEMTs) can be prepared
MATERIALS AND DEVICE PROPERTIES OF by growing alternating epitaxial layers of InAlAs-InGaAs-InAlAs

LArlICE-NIATCHED AND PSEUDOMORPHIC IaP BASED on InP substrates. Lattice matched HEMTs are obtained by
HETEROSTRUCTURES growing layers of In7Al(I_,)As and InGa 1.5 )As with x - 0.523

Umesh K. Mishra and April S. Brown and y ", 0.532. Varying the values of z and y by controlling the
N.C.State University, Raleigh N.C. individual flux during molecular-beam epitaxial (MBE) growth,

Cornell University, Ithaca, N.Y. one can obtain pseudomorphic HEMTs. Pseudomorphic HEMTs
may have superior electronic transport properties and larger con-

GainAs based HEMTs and HBTs are superior for high frequency duction band discontinuity compared to an unstrained one. The
applications than GaAs based devices because of the better electronic precise control of the composition is thus important to the prop-
traq~spor properties in GalnAs. The electron mobility is 13,000 erties of HEMTs. This control is however very difficult and the
cm /V-S and the conduction band discontinuity between Al ln 2As values of z and y may vary from run to run.
and Ga 4 71n53As is 0.51eV, all higher than the GaAs baseAisyiiem.
Furtherifmore, the low bandgap of GalnAs (.74eV) reduces the In this paper we will study the effect on the electrical prop-
emitter-base turn-on voltage of the HBT, substantially reducing the erties of HEMTs due to the structure variation of z and y values
power dissipation. The large conduction band discontinuity coupld as well as the thickness of the LnGaAs layer. We will demon-
with the high doping possible in Al 4 ln.A5s (Nd>1x0o cm "') strate that all ths structure information: including composition
provides for large two dimensi6nal electron gas DEG) and thickness of both the buffer and top InAlAs layers and the
concentrations in modulation doped structures. 2DEG channels active channel InGaAs layer, can be obtained by double crystal
formed at single heterostructures have exhibited sheet resistances as x-ray diffraction. They can be revealed from the analysis of the
low as 130 ohm/sq. compared to 700 ohm/., obtained from fine features of the double-crystal rocking curves (DCRCs). These
AIGaAs/GaAs structures. By growing pseudomorphtc (In rich) Ga 47 structure parameters are obtained by comparin the experimen-
in.3.,. on Al . 5ln.As enhancements in conduction banl tal DCRC with the one from computer simulation according to

aiscontinuity, eiedron mobility, 2DEG density and electron semi-kinematical approximation. During the simulation one or
confinement are realized. These materials properties have been more of these structure parameters are adjusted until the beat
utilized to produce discrete HEM'rs with fT> 200GHz, ring oscillators fitted DCRC is obtained. Hall measurements will be used to co-
with room temperature gate delay of 6pS and frequency dividers relate with x-ray diffraction results. The limitation of DCRC in
operating at 26.7GHz. Discete HBTs have demonstrated a fT of measuring small variations in channel layer thickness and small

changes in composition for both InAlAs and InGaAs layers will
also be discussed.
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D7 .4 erogeneous decomposition of the In species, was developed for this
STRUCTURAL AND ELECTRONIC PROPERTIES OF Gas/lnGaAs/GaAs purpose. Several different mechanisms are postulated, based on ex-
HETEROSTRUCTMRES. J.M. Boar R. Hull. RJ. Malik. and R.W. Ryan, AT&T perimental data obtained from a mass spectrometric study. The
Bell Labs, Murray Hill NJ. and J.F. Walker, Labortcorio TASC, Trieste, Italy. activation energies for the decomposition reactions were obtained by

We have examined a series of samples consisting of 200A ln.Gal 1 As layered in a fitting the theoretical composition of GaInAs with the experimen-
hetuo-junction bipolar transistor (HBT) structure (lrnGa_.As on GaAs. followed by tal values for growth at 700*C. These models were then compared
GaAs. AIGaAs and a GaAs cap) in order to corelate muctual, electronic, and device with experimental results over a wide range of growth parameters
properties with In concentration. In this study, x was varied from 0 to 0.5, which such as susceptor temperature, susceptor slope, reactor pressure and
spars the range from pscudomoaphic growth to layers well above the critical thickness. reactant partial pressure. Excellent correlation was obtained for

Dislocation densities were measured by Transmission Elctron M a model based on the homogeneous decomposition of a TE-AsH3
The average distance between dislocations was found to be peater th te TEM adduct to a stable product via an irreversible bimolecular reaction,
dection limit for x<0.30. For x-0.30, the distance between dislocations was on the with an activation energy of 11.9 kcal/gmol.
order of 1-S mic.ons, with the dislocations observed being of the expected I/2<110>
type. For a layer thickness of 200A. 30% In exceeds the equilibrium deinition of
critical thickness. The dislocation density observed also exceeds the expected density This study resulted in the development of a model which describes
if the only dislocation sources ae threading defects fom the substrate. One possible the nature of the chemical processes that lead to indium depletion.
extra source we have observed is misit dislocation which are associated with stacking The rate expression for this depletion can be used to predict the
faults. For xk0.40, the distance between dislocations was much less, on f order of growth rate and composition of GaInAs for a wide range of reactor
thousands of angstroms or hs, the dislocation strcture was more disordered, amd the
samples showed evidence of 3-dimensional powh Several of the samples we parameters.
annealed in t microscope in order to gain insight into bow dislocations form and
move in ths syste. D7.7

Hall measurements were made on structures with p-type doped In layers. The hole HETEROJUNCTION STUDY OF Gas Inn 1 As+(p)/GaAs(n)
mobility initially increased with addition of , peaking at x-.10. with a corresponding DIODES : CORRELATION OF ELEC aL AND STRUCTURAL
drop in sheet resistance. N-p-n HBT stactures were also made, these devices showed CHARACTERISTICS. Y.W. Choi and C.R.Wie, State
substantialunprovementingainwiththeaddition ofa mIn.rising fh=on5.149atx University of New York at Buffalo, Department of
= 0 to 0 - 190 a x a 0.I. then monotonically dtoping withIn onceustion to p = I Electrical and Computer Engineering and Center
at x - 0.. The fact that t eecical chaateristics and device performnce dqgra for Electronic and Electrooptic Materials,befo ~~E jeoono SwU gh wb obei y A.31herst New York 14 260 ; K.R. Evans and
before the dislocation density wshigh enougho bemeased byTEMontae hrSt , Nw Yr 146; REan ad
that formsmacdsystemswithlow.defectleveselectricalanddeviceperfomnance C.E.Stutz,Wright-Peterson Air Force Base, Ohio
m far mor sensitive measures of dislocation formation. The effects of in-plane lattice mismatch in

electrical characteristics have been studied for
07.5 MBE grown Ga0 o1n0 1As(p+)/GaAs(n)/GaAs(n

+ )

E EFFECT TRANSISTOR STRUCTURE BASED ON STRAIN INDUCED samples. Differs n-plane mismatch wasIELD EFTTRNSTRSRTUEAEDOSTANNDED introduced by a variation of epilayer thickness
POLARIZATION CHARGES D.L.Smith Los Alamos National Labora- (y a varition o pler thicknessA8Core I(h-0.l,0.25,O.5 and 1 umo). Double crystal X-raytory. Los amos, rocking curve (XRC), Optical Beam Induced Current
T.J.Watson Research Center, Yorktown Heights, NY, 10598 (OBIC), and Nomarski Micrograph were used for
C.Mailhiot, Xerox Webster Research Center, Webster, NY, structural characterization. The depth-dependent
14580. OBIC images show that the photo-induced carriers

are not sensitive to the surface cross-hatchedStrained layers have been utilized in many device structures. patterns. The lifetime of photo-induced carriers
The tunability of the bandgap with layer strain has been the are strongly affected only in regions near thefocus of most of these device related studies. However, when mismatched hetero-interface due to the misfitgrowth of the strained layer structure occurs along a polar dislocations. Capacitance-Voltage measurements
direction of the crystal internal electric fields arising at different frequencies show a higher frequency
from the piezo-electric effect can be internally generated dispersion for a greater lattice mismatch. From
by the induced polarization charges. We s,'gest a new field the frequency dependence of the C-V curve, we
effect transistor structure based on strain induced obtain the interface state density as a function
polarization charges. The structures utilize the pseudo- of the in-plane mismatch. Interface state density
morphic growth of a barrier layer on a substrate oriented was estimated using the effective parallel
in a polar direction (i.e.<Ill>, <211>, .. ). Polarization capacitance and conductance components and a bulk
charges are generated in large bandgap material, used as a series resistance. We also report the temperature
gate insulator. A 2D electron gas, whose density can be dependent Current-Voltage characteristics.
modulated by an external bias, forms at the hetero-interface
to screen the polarization charges. Zero bias densities of
several times l0'1e/cm-2 and turn-off threshold voltages of D7.8
0.SV can be achieved in the Ga.ln,_,As-AlInj_,As model system. SURFACE CROSS-HATCHED MORPHOLOGY ON STRAINED Ill-V
Both normally-on and normally-off structures are possible. SEMICONDUCTOR HETEROSTRUCTURES, K_ H_ Chang, D.

Srolovitz, R. Gibala, Department of Materials Science and Engineering,
D7.6 P. K. Bhattacharya, Department of Electrical Engineering and Computer

Science, and J. F. Mansfield, Electron Microbeam Analysis Laboratory,
THE C IFFECT OF INDIUM DEPLETION ON TTE The University of Michigan, Ann Arbor, MI 48109-2136.COMPOSITION OF OMVPE GROWN GaAs. P.D. AgneIlo. T...
Watson Research Center, IBM, Yorktown Heights, NY; P.B. Chinoy An important phenomenon of the growth of strained heteroepitaxial III-V
and S.K. Chandhi, Rensselaer Polytechnic Institute, Troy, New compound semiconductors is "surface perturbation". The surface
York 12180. morphology of the strained epitaxial layer is generally mirror-like when

observed by regular optical microscopy, but a surface cross-hatched
pattern is revealed when Nomarski interference is applied. This quasi-
periodic perpendicular surface pattern propagates along (1101 and [ ITO]
directions with the (001) growth orientation. This unique surface

We present an experimental and theoretical study of the nature morphology can greatly affect device fabrication processing. In this
of Indium depletion in the OMVPE growth of GaInAs from tri- paper, heteroepitaxial strained InaGa1 .. As layers, with x varying from 0
ethylindium (TEl), trimethylgallium (TMI) and arsine (AsH3). A to 0.5, were grown on (001) GaAs substrates by molecular beam epitaxy

(MBE). We present results of the correlation between the surfacemathematical model, including the effects of homogeneous and het- morphology and the interfacial line defects produced in the strained
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growth by Nomarski interference optical microscopy and transmission excellent carrier confinement andprovides an interface
electron microscopy (TEM) studies. Three aspects of surface cross- degraded region smaller than 40 A. In addition, the
hatched patterns have been studied: the dependency of the growth superlattice buffer structure can getter greatly deep
temperature, the misfit percentage and the strained layer thickness. The level impurities and defects from substrate or buffer
surface pattern is clearly seen on samples grown at high temperature layer.
(520C) and those with small lattice-mismatched (e < 2%) systems. A
poorly defined cross-hatched morphology was found on layers grown at In surmary, the GaAs-AlGaAs superlattice structure is
relatively low temperature (400'C). As the lattice mismatch of the strained suitable for fabricating high power, high frequency and
layer becomes larger than 2%, a roughly textured surface morphology is low noise HISFET.
commonly observed in place of actual cross hatching. Few threading
dislocations are observed in the strained layer when the cross-hatched
surface morphology exists. It is also noted that the surface cross-hatched D8.1
pattern developes after the majority of the interfacial misfit dislocations are eoant Tunelig ranstors
generated. The result suggests that the surface cross-hatch pattern is aid Quantum nect Deraics
directly related to the generation of interfacial misfit dislocations.

D7 . g.9I, I

THERMAL STABILITY OF STRAINED InGaAs/GaAs SINGLE \lurray Hll. NJ ():.7I

QUANTUM WELLS B.lKma , Emil S. Koteles, P. Melman, CA.
Armiento, and C. Jagannath, GTE Laboratories Inc., Waltham, MA 11-.,, aan..e. in aIjan.,,uii el al .l l.' . are ,o.a.d.' '1l,-

The stability of strained layer structures with respect to high .lass af stlruCture las aOLent! al for eirvuhil \iha greatly redaici aolulahxila alad

temperature anneals is of particular importance because of its alauahilile valued logic. Repsonant tunneling bipolar tr~aaislors, nlicroaa\'

implications in device fabrication. In this work we present
interesting results on the structural stability of InGaAs/GaAs multistate transistors, and their circuit ajaplications. anl superlattice bs.ae

strained single quantum wells (SOW) with a variety of indium transistor'will be discussed.

compositions and well widths close to critical thickness values. The
samples were grown by molecular beam epitaxy and were subjected
to furnace annealing or ion implantation with 75As at 35 keV ' . Caraa.sso et a1., IEEE Trans. Electron. Des.. Special Isue on

followed by rapid thermal annealing. Photoluminescence (PL) llcterostructure Transistors. 180. In Press.

measurements were used to monitor excitonic transitions. As a
result of heat treatment, changes in low temperature PL spectra D8. 2
were observed and used to evaluate the stability of strained SQWs. DIFFRACTION STUDIES OF THE GROWTHt OF STRAINED EPITAXIAL
We report on both strain relief and strain recovery. Strain relief was FILMS.* G.J. Whaley and P.1. Cohen, Department of
observed in wide SOWs. Narrow PL peaks from these as-grown Electrical Engineering, University of Minnesota,
quantum wells were split into a broad peak at lower energy and a Mixnneapolis. ! 55455

narrow peak at higher energy which is consistent with partial Reflection high-energy electron diffraction (RHIEED) is
relaxation toward the equilibrium condition as a result of heat sensitive to the changes in lattice constant, growth mode,
treatment. Strain recovery was observed in higher indium surface morphology, and surface structure that occur during
composition narrow quantum wells which were grown partially the growth of lattice-mismatched epitaxial films. During
relaxed (with a lov dislocation density). In this case, significant the growth of InGaA on GaAs(100) by molecular beam epitaxy

the diffracted Intensity of the specular beam is observed to
narrowing in PL linewidths was observed indicating that thermal oscillate in time corresponding to layer-by-layer growth.
annealing of dislocations was taking place. We emphasize that The intensity decreases more sharply than the homoepitaxial
although strained layers provide enhanced flexibility in band- case. perhaps due to a change in the surface Debye-Waller
structure engineering, these structures can be significantly modified factor. The beams broaden, depending upon the scattering

used processing procedures, angle, indicating an increase in the surface step density.
(even degraded) during commonly uThe background intensity increases due to an increased

density of point defects. The separation of the diffracted

D7.10 beams, to within the limits of the technique, are unchanged
up until a strain determined thickness. At this thickness.

APPLICAWION OF GaAs-AlGaAs SUPERLATIICE MTUCTURE FOR which depends upon temperature, the growth mode and the
FABRICATING HIGH BRE.AKOU N VOLTAGE POWER MISFET. W.C. Liu, lattice constant change. Past the critical thickness (113)
W.S. Lour, R.L. Wang, and W.C. Hsu. Depar tnof fecetted islands are observed. By growing at lower
Electrical Engineering, National cheng Kung University, temperatures these changes can be inhibited. Measurements
Tainan, Taiwan, Republic of China. are compared to the relaxation theory of Teao and Dodaon

I1. Using RiHEED changes in lattice constant as small as
0.0003 na can be resolved. we measure an activation energy

A new power MISFET with undoped GaAs-AIlGa.s for the dislocation glide velocity of 3.5 eV. An important
superlattice gate "insulator" and buffer structure has issue is whether the strain drives segregation to grade the
been fabricated successfully. The superlattice gate fili.
"insulator" exhibits a much higher gate breakdown voltage
( > 35V) with very low prebreakdown leakage current and a 1 I.Y. Tsao, Z.V. Dodson. S.T. Picraux. DM. Cornelison,
lower gate capacitance (C ). Due to the existence of gate phys. Rev. Lott.. i. 2455 (1987).
"insulator" a higher carzRer concentration can be used in * Partially supported by NSF grant DMR-6615207 and the
the active channel which improves the output drain current Minnesota Canter for interfacial Engineering (NSF)
drivability and transconductance. If the gate length is
reduced to 1 urn, a higher transcoedttance up to 330 nlm/m
can 'L obtained. An output power tCwsity of 0.7 W/m has
been achieved by the nonoptimized structure and dimension.

The insertion of muperlattice buffer structure.
between active channel and buffer layer, offers an
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D8. 3 D8. 5

EFFECTS OF SUBSTRATE MISORIENTATION AND THE InAs AND lnGaAs GROWTH B)i CHLORIDE ATOMIC LAYER EPITAXY
GROWTH MECHANISM OF Si DOPED GaAs GROWN ON II. Shimawaki, Microelectronics Res. Labs NEC Corp.. Kawasaki. Japan.
(11)A SUBSTRATE BY MBE. Y. Okano, H. Seto, M. Shigeta, Y.Katu and A. Usui, Fundamental Res. Labs. NEC Corp., Tsukuba, Japan.
S. Nishine, I. Fujimoto, ATR Op ii d Radio Communica-
tions Research Laboratories, Sanpeidani, Inuidani, Seika-cho, InAs chloride atomic layer epitaxy (ALE) was carried out in detail, which
Soraku-gun, Kyoto 619-02, Japan; and T. Suzuki, Science and resulted in the first successful preparation of (GaAs),(lnAsi., for n=l and
Technical Research Laboratories of NHK, Kinuta, Setagaya- 2 on (01)B InP substrates. Crystal growth techniques with strictly
ku, Tokyo157, Japan controlled thickness and crystal composition are required fur highSi has been widely used as an n-type dopant in GaAs performance heterounction device realization. ALE is suitable to this
grown by MBE on a GaAs (100) substrate. The incorporation purpose, because the monolayer (ML) growth process is repeated, based on
site of this dopant, however, is greatly affected by the substrate a self-limiting mechanism.
orientation. It has been reported that Si acts as an acceptor in
the growth on (111)A, (211)A and (311)A substrates. The InAs was grown by 400 ALE cycles on (100). (l11)A and (1lll8 InAs
results were explained in terms of the ratio of (111)A-like substrates at an nCI and ASH: preSsure of 

7
.Sxl0~atm and L4xl0-atm.

banding sites to (100)-like bonding sites. In the growth on respectively, with an alternate supply of InCI and AsH.- Growth rates for
slightly (1-5 °) misoriented (111)A substrates, however, it was the (11)B substrates showed a constant value of 0.9 monolayer/cycle at
found that the incorporation behavior of this amphoteric temperatures below 375 °C. Growth rates for the (100) and (III)A
dopant changed largely as compared with the growth on substrates, on the other hand, decreased steadily with an increase in the
exactly QlII)A oriented substrate, growth temperature. At 375 1C. the growth rates for the (11) substrates

In the growth on exactly (Ill)A oriented substrate at low were independent of InCl pressure, suggesting that InAs ALE has a
flux ratio (As4/Ga), substantially all the Si atoms act as self-limiting growth factor on (GII)B substrates.
acceptors. With increase of the degree of misorientation, and
with increase of the flux ratio, the number of donor-site Si (GaAs),(lnAs), and (GaAs).(lnAs). layered structures were prepared on
atoms increased. Further, surface morphology has been (l1)B lnP substrates at 375 °C. GaCI and InCl were fed in alternately, not
improved by increasing the degree of misorientation. simultaneously, at I.2xl0-atm and 1.2xl-atm, respectively. There were

" 300 ALE cycles for (GaAs) (InAs)i and 150 cycles for (GaAs)2(InAs).. In
We suppose that the dissociation rate of As 4 molecule each case, Ga compositions xl and growth rates (v), calculated by the

plays an important role in the site selection of Si atoms. Since X-ray diffraction peaks of the grown layers, agreed well with expected
the valence electron density in a Ga single dangling bond site values. x-0.49 and v2.oML/cy e were obtained for (GaAs)itnAs)t. and
on an ideally flat (111)A surface is considered to be very small, x=0.49 and v=4.2ML/cycle were obtained for (GaAs).(lnAs). n These results
dissociation of As 4 on this surface must be fairly slow.
Introduction ofsurface steps with (100)-like bonding geometry indicate that chloride ALE is highly controllable in (GaAs).(InAs),
may promote the dissociation of As 4 at the steps and cause preparation, which allows achieving heterojunction devices with excellent
lateral growth from the steps. Details will be discussed, carrier transport characteristics.

D8.4 D8.6

ORDERED TERNARY ALLOYS BY ATOMIC LAYER EPITAXY. ELECTRICAL AND MATERIAL CHARACTERIZATION OF THE STABILITY OF
B .T McDermott, K.G. Reid, A. Dip and S.M. Bedair, Electrical and ALGAAS An INGAAS PLANAR DOPED STRUCTURES. Larr. P Sadwiek,
Computer Engineering Department, N.C. State University, Raleigh, Department of Electrical Engineering, University of Utah.
North Carolina. W. Duncan, Texas Instruments, Dallas, Texas. Salt Lake City, Utah 84112; and Dwight C. Strait, TRW

Electronic Systems Group, One Space Park, Redondo Beach,X. Y'm and F.H. Pollak, Brooklyn College of Cuny, Brooklyn, NY. California 90278.

ALE of ternary alloys proceeds by the deposition of one atomic layer
in a self-limiting manner per growth cycle and thus offers the ulti- Recently Schubert et. al. Ill have used planar (delta)
mate technique in studying ordered structures. The low temperature doping as a tool to study the diffusion of atomic Si in GaAs
growth of In-As-Ga-As and Ga-P-In-P by ALE will be reported. We by capacitance-voltage (C-V) measurements on room
found that both the structural and bandgap properties of these ALE temperature and annealed samples. In this work we extend

and augment this technique to both AlGaAs and InGaAs planarordered alloys to be different from that reported by MOCVD and doped structures grown by molecular beea apitaxy (MiBE). In
MBE techniques. addition to the C-V measurements, X-ray, Photoluminescence,

SINS and Hall measurements have been employed to investigate
Ga-P-In-P ordered alloy, for example, has been grown by ALE on and determine both the stability and diffusion of Si in
GaAs at 500rC using organometallic and hydride sources. This has ternary GaAs compound semiconductors. The demonstrated
been achieved by sequential exposure of GaAs subetrate to TMG, improvement in planar doped WI devices provided the
PH,, TEIn and PH,. TEM showed that the structure is deposited in initial motivation for this study. The techniques and themethodology used in this paper also permit direct
an ordered fashion. X-ray diffraction also showed the lattice constant measurements of the epitaxial crystal quality relationships
of the deposited films corresponds to 1n.sGag.iP. These results were to both the planar doping parameters and the MhE growth
found to be independent of the mole fractions of the precursors in conditions. The combination of techniques described above
the gas phase. The bandgap of the ALE ordered alloy measured by provides an excellent method to determine the optimum growth
the modulated photorefiectance at room temperature and photo- conditions and parameters so as to achieve both the abrupt
luminescence (liquid He) techniques are 1.78 ev and 1.85 ev rePec- doping transitions and good crystal quality required to
tively. These values are considered to be the lowest reported maintain application-dependent device quality transportproperties. A matrix of both single and multiplebandgap for this ordered alloy. These results can be due to the abil- (periodically spaced) planar doped structures have been
ity of ALE to produce structures with a high degree of ordering. We grown. The crystal quality degradation and induced strain
will report on the properties of thes ALE ordered structures grown of highly doped planar structures will also be discussed.
both on 100 and (111) GaAs oriented substrates. The results presented for both lattice matched and

pssudomorphic structures should be of significant use for
This work is supported by ONR/SDIO. HlT and superlattice design considerations.

1. I.. Schubert, T.H. Chiu, J.9. Cunningham, B. Tell, and
J.I. Stark, Jour. of &lec. Hat., Vol. 17, No. 6, 1988.
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D8.7 reconstruct into a c(2x2} pattern. The suitably

KINETICS OF QUANTUM WIRE GROWTH ON VICINAL chosen neighborhood of the modified spot is then
allowed to relax to a minimum energy configura-

SURFACES tion. The complexes are studied for both the

K.J. Hugl, S.Clarke, D.D. Vvedensky. B.A.Joyce, TheBlackett unstrained as well as strained surfaces. The

Laboratory and Semiconductor Materials IRC, Imperial College, results of these studies will be presented and
LondonSW72BZ, UntedKingdom. their consequences for the understanding of

Molecular Beam Epitaxical growth will be

The growth of quantum wires by molecular-beam epitaxy on vidnal discussed.

surfaces is studied with a Monte Carlo simulation of growth. Wire 1. D.K. Choi, S.M. Koch, T. Takai, T. Halicioglu

quality is characterized in terms of two quantities, one which simply and W. A. Tiller, J. Vac. Sci. Technol. B6

measures the percentageofatosinthcorrectpositionsforanideal 2. (4), 1140 (1988).
2. S. Kirkpatriek, C.D. Gelatt, Jr., M.P.

quantum wire, and one that characterizes the conectivity of the wire. Vecchi, science, 220, 671 (1983).
The conclusions drawn from our study are the same regardless of how
quantum wire quality is characterized. Beginning with a simplified D8.10
situation in which two species are distinguished only by a label, and
not by different mobilities, we find that wire quality is maximized at PULSED' LASER ATOM PROBE ANALYSIS OF IlI-V COMPOUND

SEMICONDUCTOR EPILAYERS. Ross A D Mackenzie, J Alex Liddle,
a single temperature, which is beam-flux-dependent. At low Chris R M Grovenor and Alfred Cerezo, Department of Metallurgy and
temperatures, growth by the formation and coalescence of islands Science of Materials, Oxford University, Parks Road, Oxford OX3 I PH

inhibits wire quality, while at high temperatures the enhanced
fluctuations in the step edge profile lead to correlated lateral shifts in The growth of III-V epilayer materials on indium phosphide substrates

the wires on adjacent terraces, which also degrades wire quality, often requires the epilayer to be grown in a miscibility gap. The presence
terpersin thjen thrra withrids aof reveryales thre qua, of this miscibility gap has lead to the suggestion that the material may

Interspersing the growth with p s oers the axmu s the tempe- spinodally decompose or undergo phase separation either during growth or
rature for wire quality, but also lowers the maximum wire quality, during subsequent processing. Electron microscopy techniques have
Modelling the situation with two species with different mobilities, shown the presence of contrast fluctuations on scales of a few tens of
which would applicable for the case of GaAs/AlAs quantum wires, nanometers and a few nanometers. The larger scale variations are amenable

reveals that the temperature at which wire quality is mximized can to compositional analysis using high resolution scanning transmission
beveastate accuratretomwth e quality ofthewis inmthared a electron microscopy techniques, but the finer scale variations are not. The
be estimated accurately from the quality of the wires in the separated pulsed laser atom probe has both the spatial resolution and chemical
systems. resolution to permit the fine scale.contrast in these materials to be

examined.
D8.8
LIQUi) PHASE ELECTROEPITAXIAL (LPEE) GROWTH OF GaSb and Epilayers of a variety of materials have been examined, and results will be

lnGaAsSb. Shanthi N. lyer. Ali Abul-Fadl. *Albert T. Macrander, presented which show the scale of the fluctuations and also give an

Jonathan H. Lewis and W. J. Colis. Departnent of Electrical Engineering, indication of the extent to which these materials deviate from their nominal

North Carolina A&T State University, Greensboro, NC 27411, "600 (lattice matched) compositions. The correlation between the atom probe

Mountain Avenue, AT&T Bel Laboratories, Murray Hill, NJ 07974 microanalysis data and the fine scale contrast in electron microscopy will

also be shown.

Experimental results of the InGaAsSb phase diagram near 580'C will be D8.11

reported. GaSb and InGaAsSb alloys of composition close to GaSb comer THE INTERACTION OF TRIMETHYLGALLIUM WITH
of the phase diagram, have been grown lattice matched to (100) GaSb CLEAN AND ADSORBATE COVERED SI(100) SUBSTRATES

successfully by LPEE technique. Growth rates were found to increase with by. T. R. Gow, R. Lin, L. A. Cadwel, F. Lee, R. 1. Masel, University

current density. typical value being -l4mfMin at a current density of of Illinois, Urbana 1i, 61R01
IOA/an 2. The layers have been aessed using both double crystal x-ray
diffraction and high reolution x-ray diffraction. Finally, results on the low Pulsed beam methods are used to examine the initial stages of
temperature photoluminesence spectra of these samples will also be GaAs growth on silicon substrates by MOMBE. A pulsed beam of
presented. trimethylgallium (TMGa) was directed onto a heated Si(100) substrate

which was partially covered by various adsorbates, and the resultant
Financial support for this work -as provided by Air Force Office of reaction products were examined by mass spectroscopy. X-ray
Scientic Research, Washington, D.C. (Contract No. 49620-89-C.0004) photoemission spectroscopy (XPS) was also used to examine the
which is rvrefully acknowledged. growing film. It is found that at TMGa exposures of lxIO'

s

molecules/cm' or less, the decomposition process on a hot Si(100)

D8.9 substrate is very similar to the decomposition process reported

ENERGETICS AND RELAXATIONS OF ADATOM, DOPANT AND previously [1,2] when TMGa is adsorbed onto a cold Si(00)

VACANCY RELATED COMPLEXES ON NORMAL AND STRAINED substrate, then the substrate is heated. However, at higher exposures

GaAs (001) SURFACE. S.B. Ogale* , A. Madhukar* the chemistry changes. It is possible to trnsienly populate a weakly

and R. Vishwanathan*, * Departments of Materials bound state which we assign to TMGa adsorption in the second

Science and Physics, University of Southern monolayer. If ft sample is below 450 K, theTMGa in the second
California, Los Angeles, CA 90089; + Department monolayer desorbs. However, at temperatures between 500 and 700

of Physics, University of Poona, Pune, India. K the TMGa in te second monolaycr r to form a CH, group

Surface complexes involving Ga and Si adatoms, Si (x=3,4) d a dimethylgaiumn rdil. The direthylgallium and CH,

dopant, Ga and As antisite replacements and groupsdsort. Howeve,5aeoft CHgronprmi foufdto

vacancies at the GaAs (001) surface are examined the substrate leading to extra c incorporU.on. At higher

for their energetics and associated structural t51p5rr, the TMGa in the second monolayer pyrolyes to

relaxations by employing semiempirical two and dimethylgalium and methyl adicals. soe of which desorb, and sme

three body potential energy functions
l. The of which get incorporated into the surface. There lso is evidence for

energy minimization is achieved via simulated formation of trace of mononethylgallium. Thee results idicatethat

annealing Monte carlo procedure
2 . An 8x8x8 GaAs

matrix is used as the substrate with periodic
boundary conditions in the lateral plane. The

adatom, dopant or vacancy is added to the system

after allowing the top two surface layers to
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flux of TMGa could have an important influence on carbon D9 .2

incorporation in MOMBE. A SYSTEMATIC METHOD FOR EXTRACTING STRUCTUR.
AL PARAMETERS FROM LOW ANGLE X-RAY REFLECTIV-

I) F. Lee, T. R. Gow, R. Lin, A. L. Backnan, D. Lubben, and R. ITY MEASUREMENTS ON MULTILAYERS L.Mldman H.
I. Masel Prc. MRS., iS, 339-344 (1989). A. Atwater' and F. Spaepen, Division of Applied Sciences, Harvard Univer-

2) F. Lee, A. Backman, R. Lin, T. R. Gow, R.L Masel Surfa sity, Cambridge, MA 02138
Sci, to appear X-ray diffraction is one of the main methods of determining the structure

of multilayers. Low angle reflectivity measurements are particularly useful
D8.12 for multilsyes containing polycrystalline or amorphous constituents, and for

obtaining specific structural data, such as surface roughness or diffuseness.
THERMAL DISORDERING OF MODULATION-DOPED AlAs/GaAs Although many analyses of low angle reflectivity have been published, the
SUPERLATTICE. Kunihiko Hara, Hiroshi Ito, Shinya agreement between model and data is not perfect. We will present a method,
Ohmi and Takamasa Suzuki, NIPPONDENSO CO. , LTD.,Kariya, Aichi, Japan based on both kinematic and dynamic scattering calculations that produces

the best agreement so far, and use it to extract specific structural parameters

The effect of modulation-doping on thermal such as the roughness or diffuseness of the external surface, the thickness of
stability of interface structure in a the constituent layers, the average electron density, the difference in electron
heterojunction ,especially in multi quantum well density between the constituent layers, and the roughness or diffusenen of
superlattices has not been clear yet. The purpose theinternalinterfaces. Rasultswillbe gvenforasputteredAl/Al2Osml-
of this paper is to clarify the effect of Si tilaye. Applicationtoothersystems aswellastheutilityofthisprocedure
doping on interdiffusion in the modulation-doped to the study of non-linear diffusion will be discussed.
multi quantum well(MQW) superlattices by * Present address: Thomas .Wasn Laboratory of Appled Physics, C&-
photoluminescence (PL) spectra. fornia Institute of Technology, Pasadena, CA 91125

AlAs barrier layers (100 X) and GaAs well layers
(60 X) were grown on a GaAs substrate by MBE. The D9.3
AlAs layer was doped with Si at a concentration
of IxlO1 8 cm- 3 with and without undoped AlAs DETERMINATION OF 3-DIMENSIONAL DEFECT
spacer layer (20 X) on both sides. An undoped MQW STRUCTURES IN GALLIUM ARSENIDE EPILAYERS ON
sample was also prepared for comparison. SILICON USING WHITE BEAM SYNCHROTRON RADIATION
Annealing was carried out at various temperatures TOPOGRAPHY IN BOTH TRANSMISSION GEOMETRY AND
between 730 0 C and 850 0 C. GRAZING BRAGG-LAUE GEOMETRY. M. Dudley, J. Wu

and G.-D. Yao, Dept. of Materials Science and
The PL peak corresponding to interband transition Engineering, SUNY at Stony Brook, Stony Brook
defined by 60 X well layer disappeared completely 1:1; H.-Y. Liu and Y.C. Kao, Materials Science
after annealed at 850 0 C for 5 min. in the Laboratory. Texas Instruments, Dallas, TX.
modulation-doped sample without spacer layer,
while PL peak shift was observed in other samples White beam synchrotron topography in both
after annealed at 850 0 C for 1 to 20 min. The transmission and grazing Bragg-Laue geometries
diffusion coefficient was estimated at 1.5xlO

- 17 ,  has been used to reveal the 3-dimenslonal

9.0xlO - 1 8 and 1.5xO - 1 8  cm2/sec. in the defect structure in MBE grown GaAs epilayers on
modulation-doped sample without spacer ,with Si. In the grazing Bragg-Laue Case, manipulation
spacer and in the undoped sample, respectively, of geometry enabled depth profiling of defect

structures in both epilayer and substrate.
Defects observed include substrate threading

D9.1 dislocations. interfacial dislocations and
epilayer planar defects. Dislocation line

STRUCTURAL STABILITY' OF AMORPHOUS SEMIlCON. direction and Burgers vector analysis WasDUCTOR SUPERLATTICES. Peter D. Persan., A. F. Ruppert- ,  performed. Clear continuity between substrate
B. Abeles , Y.-J. \Vu" and V. Pantojas. *Physics Department, threading disloca tions and interfacial
Rensselaer Polytechnic Institute, Troy, NY; 4 Exxon Research and dislocations ad InOera ctEngineering Co., Annandale NJ. dislocations Was established . Overall defect

structures were then correlated with processing

conditions.
We report the results of recent Raman scattering and x-ray

diffraction experiments on the structure and thermal stability of This technique affords a rapid and non-
amorphous semiconductor/ insulator periodic mutilayer structures destructive way of quantitatively characterizing
based on a-Si:H, a-Ge:H and a-SiO 2 :H. By varying the superlat- processing induced damage in such systems.
tice repeat distance for bi-laver structures from 2 nm to 50 nm it
is possible to extract infornation on the range of relaxation and Research Funded in part by the NSF under
interdiffusion and on the influence of interfaces and composition contract * DNR 8506948. and performed on
gradients on relaxation. beamline X-19C at the NSLS which is funded by

Thermal restructuring is found to occur in at least three stages. DOE under contract # DE-FGO2-84ER45098.
First, a low activation energy local relaxation step is observed in
which atoms move by a few angstroms to lower -energy sites. This is
observed in changes in the average density and compositional mixing D9.4
of atoms near interfaces. Second, long range (>2 nm) diffusion CHARACTERIZATION OF METAL SEMCONDUCTOR M1IL-
of network atoms is observed which may in some cases wash out THARSTBYRA. SETRSCO ND X-
compoeitional variations. Third, crystallization of one or both sub- TILAYER5 BY RAMAN SPECTROSCOPY AND RAY
layer materials may occur. The crystallization and interdiffusion DIFFRACTION. David D. Allred and Qi Wang, Department of
processes can occur in parallel and relative activation energies can Physics isid Asr-i-woy. Brigham ung V tiversity, Provo, UT.
be determined by measuring the temperature and repeat distance
dependence of mixed crystal versus pure crystal fractions of the We have used rla a spectroscopy and x-ray diffraction in the char-
annealed superlattices. arterization of NV C inultilayers used in soft x-ray optics. The itaicA

Batnai band is fron a-C and conasist% of a broad peak ai about

1580 ctu-I (G-liae) and a shoulder at aout 1380 cm t (D-lite). It
wa-a fouid that the D-line to G-hiltS intetisitv ratio of W C satalti-
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layers with thli tungsten layer (about 20.A) was higher than that of effects observed in amorphous multilayers which challenge
shigle carbon layers deposited ol thick cungsteu layer (about 400.4). our understanding of these materials. Quantum size effectsTsg icabners sted on t uulte sapes (a 4A have been found in heterostructures consisting of alternat-Tis rdrates tha the a iractin ltilayer samples m h e more ing layers of a small band gap amorphous semiconductor and adisordered. The x-ray difractitn study, of samples showed that in wide band gap amorphous insulator; the amorphous analogs of
the former case the tungster is a-W and in the latter case it is GaAs/GaAlAs crystalline superlattices. The absorption
crystalliie. This eants that the interfacial effect nsay cans, tle spectrum shifts to higher energies as the thickness of the

difference ini the structure of carbon layers, amorphous semiconductor layer is reduced below 50 9, which
has been interpreted as a quantum size effect. However,
transport data indicates that the electronic phase coherence

D9.5 ABSTRACT WITHDRAWN length is much less than the semiconductor layer spacing,
which directly conflicts with the quantum well interpreta-Dg.6 tion. Various efforts to resolve this contradiction will be

STRUCTURAL STABILITY OF HEAT TREATED W/B 4 C reviewed. Doping modulated amorphous multilayer structures,
MULTLAYERS A.F. Jankowski. Lawrence Livermore National consisting of alternating layers of n-type and p-type doped
Laboratory, Livermore, California. amorphous silicon, display an enhanced dark conductivity

after illumination termed persistent photoconductivity
An application of multilayer structures takes form in x-ray microscopy as (PPC). After a brief (a few seconds) exposure to white
artificial Bragg diffractors. The performance of such optical systems light, the dark conductivity parallel to the layers in-
depends on the stability of the multilayer structure. creases by several orders of magnitude. This PPC takes

several days to decay at room temperature but is reversed

One of the most widely used multilayer combinations for highly reflective, upon annealing above 4000K. PPC has been extensively
x-ray mirrors is W/C. The layers within the vapor deposited multilayers are studied in crystalline semiconductor structures, and the
typically amorphous. Studies have shown, however, an amorphous to models proposed to account for PPC involve either change
crystalline transition in the W layers with increasing thickness. Heat separation by internal electric fields or charge trapping in
treatments of the W/C multilayers have been shown to produce similar a defect which undergoes a large lattice relaxation (the DX
effects, crystallinity in the W layers and the presence of W-C intermetallics, center). Studies of PPC in amorphous doping superlattices
as well as change the repeat periodicity of the superlattice. support the latter model, and enable a microscopic deter-

mination of the process responsible for PPC.

An alternative to the W-C multilayer combination is W-B4 C. The measured
reflectivity of x rays (>705eV) from W/B 4 C multilayers have been DlO.1
measured to equal or exceed W/C, for mirrors with identical dimensions.
The relative stability of W/B4C may additionally be enhanced, following a SILICIDE FORMATION AND THERMAL STA-
kinetic argument requiring the decomposition of B4C before the formation BILITY OF Ni/Si/GaAs INTERFACES.
of WC. In this study, multilayers of W/C and W/B4 C will be vacuum heat

treated, then structurally examined. A comparison of pre- and post- heat Y. Yamamoto, K. Ishibashi, Res. Cntr. of Ion Beam Tech., Hosei
treatments will be accomplished using depth profiling and cross-section Univ., Tokyo, Japan; S.Szuki, Adv. Mat. Lab., Sohka, Japan;
microscopy. T. E. Shim 1, Waseda Univ., Tokyo, Japan.

This work was performed under the auspices of the U.S. Department of
Energy by Lawrence Livermore National Laboratory under Contract No. Silicon and/or Ni were vacuum evaporated onto (100) GaAs. Inter-
W-7405-Eng-48. diffusion and silicide formation processes in the system upon annealing

were investigated using AES and X-ray difractmetry.
D9.7

Thicknesses of Ni and Si were varied to examine how the interface
MULTILAYERED METALLIC THIN FILMS PREPARED BY reaction related to the relative amount of Ni to Si; (1) Si(1000 A)/Ga.As,
DUAL-BATH ELECTRODEPOSITION £. is, L. M. God-

man and F. Spaepen, Division of Applied Sciences, Harvard University, (2) Ni( 700 A)/GaAs, (3) Ni(700 A)/Si(1000 A)/GaAs, (4) Si (1000

Cambridge, MA 02138" A)/Ni(2000 A)/GaAs, and (5) Ni(2000 A)/Si( 1000 A)/GaAs.

Electrodeposition is a fast and relatively inexpensive method for making ar- AES mesurement revealed that a Si/GaAs interface of sample (1) was
tificial metal multilayered films. Ve present a dual bath electrodeposition stable after annealing at 850 C for 30 min. When the relative amount of
technique capable of producing crystalline Ni/amorphous NiP. multilayers Ni to Si is unity as sample (3), stable NiSi was formed and no reaction
with repeat lengths of 20A and above, of sufficient quality to give several t., G&As was observed after annealing at 500 C for 2 hour.
low-angle x-ray reflections. In this method, a multilayer is made on a disc-
shaped substrate which rotates over two nozzles. A different electrolyte When Ni was directly atatched to GaAs, appreciable interdiffusion
(plating bath) circulates through each nozzle. Deposition occurs only on of GaAs and Ni was observed (samples (2), (4)), but in sample (4) Ga
those parts of the substrate exposed to the electrolytes, directly above the and As did not diffuse into the Ni2 Si surface layer at 500 C.
nozzles, so a multilayer is formed as the substrate rotates. The compo-
sitional and structural modulations of the films are analysed using x-ray In the case that Ni was the outermost layer of which amount was in
diffraction and microscopy, and the effects of deposition parameters, 6lch excess of Si as sample (5), the system was quite unstable at the same
as the current density, are examined. The P content of the NiP, layers temperature; no clear silicide phase, no distinct interface, oxidation of
varies between 10 at.% and 25 at.% as the current density varies between the surface Ni layer.
400 Am - 2 and 3000 Am - 2 , allowing compositionally modulated, fully amor-
phous NiPs/NiP. films to be deposited. The dual bath technique can, in
principle, be used to make multilayers from any pair of materials which can 'Present address: Samsung Electronics, Seoul, Korea
be electrodeposited, and its utility in the production of other multilayer
systems will be assessed. D10. 2

EPITAXIAL GROWTH OF METALLIC LAYERS BY SOLID PHASE
D9.8 INTERDIFFUSION: STUDY OF THE Ni/OaAa AND Ni/AlAs SYSTEMS

Guirin R. and Deputier S.. Laboratoire de ChimiaMETASTABLE ELECTRONIC EFFECTS IN AORPHOUS UPERLATTICES.i Minirale B - Campus de Beaulieu - 35042 Rennes Cedex,
J. akalios, School of Physics and Astronomy, University of France - Caulet J., Minier M., Poudoulec A., Ballini Y.,
Minnesot~a, Minneapolis, MN 55455. Durel V., Dupes 0., Ouivare'h A.. Centre Nationali d' Etudea des T616communicationa, LAB/OCM/MPA, BP 40,

There has recently been considerable interest in the 22301 LEue ion edex France
electrical and optical properties of amorphous semiconductor
superlattices. This talk will review some novel electronic An ideal M/SC III V contact should be made by stable and
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epitaxial metallic films, In principle. such a contact appear to be stable to approximately 450 C and 600 C,
may be obtained by the solid state interdiffusion of a respectively. As expected from the Pt-Ga-As ternary phase
metal film with a III V SC substrate, diagram, no PtAs 2 phases were observed for either PtGa2 or
By using a set of complementary methods (RBS. TEN, X-ray PtGa. The work presented in this talk will focus an both the
diffraction... ) we explored the possibilities offered by electrical properties and the chemical and phase
the two systems Ni/GaAs ad Ni/AlAs annealed up to 600 0C. transformations which occur upon temperature annealing
Our starting point was the experimental determination of uder different ambients of the thin (1000 to 2000 Angstrom)
the Ni-Ga-As ternary phase diagras. Five ternary phases films on GaAs. The primary material and surface science
which are structurally derived from the hexagonal NiAs characterization tools employed in this study are two theta
type were evidenced. This diagram provides the x-ray diffraction (XD), x-ray photoemission spectroscopy
absolutely required basis for understanding the sequence (XS), and Auger electron spectroscopy (AES). The barrier
of phase formation in the Ni/GaAs system. The Ni-Al-As height and the ideality factor of these films. imong otherdiagram was studied for the same purpose. heic a the dait or ftee fimsa o theThe main steps of the interaction appear to be different electrical data are monitored after each anneal cycle.

in the two systems. During the Ni/GaAs one, three
successive steps as a function of the annealing
temperature are observed : first a mixture of a Ga-rich 1. L.P. Sadvick, Y.K. Kim,D.K. Shuh. K.L. Wang. and R.S.
ternary phase (phase C) + NiAs, then phase C * NiAs + Williams, 1989 Electronic Material Conference, Boston, Mass.
NiGa and at last the two binaries NiAs + NiGa where the
reaction stops. In the case of the Ni/AlAs reactions, D10.5
the three steps successively correspond to a mixture of
NiAl + a As-rich ternary phase (phase B) then NiAl + CHARACTERIZATION OF ErAs/GaAs and GaAs/ErAs/GaAs
phase B - NiAs and finally NiAl * NiAs. NiAs and NiAl STRUCTURES. Jane .Zu, Chris J. Palmstrom* , 

Suzanne
are the key compounds in Ni/GaAs and Ni/AlAs reactions Mounier* and C. Barry Carter, Department of Materials Science and
respectively and all the reaction compounds are either Engineering, Cornell University, Ithaca, NY 14853; *Bellcore, Red
hightly textured (pseudocubic NiAs and ternaries) or Bank, NJ 07701.epitaxial (cubic binaries NiGa and NiAI).

a Rare-earth meta: arsenides have recently been grown epitactically on
D10.3 GaAs. Such materials provide the potential of incorporating rare-earth

mono-arsenides into semiconductor heterostructures. These structures
LATTICE DISTORTION OF SINGLE-CRYSTAL COSi2 COLUMNS may also provide means for improving meml contacts to compound

EMBEDDED IN SINGLE-CRYSTAL SILICON.* semiconductor devices. ErAs has NaCI structure, which, like GaAs, is
face-centered cubic but with a different two-atom basis. The lattice

Sh.i Huasimot. Q.F. Xlao. and W.M. Gibson. State Un of New constant of ErAs is only 1.6% larger than that of GaAs.
York at Albany. Albany. NY: C.W. Nieh. California Institute of
Technology. Pasadena. CA: and R.W. Fathauer.Jet Propulsion Smooth epitactic layers of ErAs have been grown with different
Laboratory. California Institute of Technology. Pasadena. CA. thicknesses on GaAs (100) substrates by molecular-beam epitaxy. The

misfit dislocations at the ErAs/GaAs interface have been characterized by
Codeposon of Si and Co on a heated Si9 11) substrate with a SI:Co weak-beam dark-field imaging for plane-view samples and by high-
ratio greater than 3 results in epitaxal columns of cobalt disllcide resolution transmission electron microscopy for cross-section samples.
(with a channeling minmum yield of approximately 4%) embedded The misfit dislocations lie primarily along the common <001> directions
n high quality epitaxial Si (with a channeling minimum yield of when the ErAs layer is thin. However, as the thickness of the ErAs
approximately 306. The average diameter and density of the silicide increases, the dislocations become more irregular and some of the
columns can be controlled by depostion parameters such as the Co:S1 dislocations then lie on <011> orientations. A model of the formation of
flux ratio and the depostion temperature, these misfit dislocations will be presented.

The average lattice distortion (or strain) n the slicide columns GaAs/ErAs/GVAs with different thicknesses of the ErAs well have also
measured by ion channeling. Due primarily to contraints of the
surrounding Si lattice, the unit cell of the cobalt distlickde latie In been characterized. At present, when GaAs is overgrown on the ErAs
the columns is elongated perpendicular to the substrate when the layer, it tends to be heavily twinned. The top GaAs layer is also faceted
average aspect ratio (height diameter) of the columns is greater than which presumably is the result of the island growth. The GaAs grown on
approximately 1.4. This Is In contrast to the case of the cobalt ErAs has a tendency to be epitactically aligned with the ErAs, i.e.,
disllcide lattice in ordinary two-dimensional films where the unit GaAs(100)//ErAs(100). However, areas of GaAs(lI I )//ErAs(100) or
cell is elongated parallel to the substrate due to the smaller lattice GaAs(122)//ErAs(100) have been observed. The origin of the defects
constant of cobalt disilicide compared to Si and to constraints at the will be discussed.
planar interface. This indicates a different type of mismatch
accommodation, unlike the usual accommodation in two-
dimensional epitaxal films grown on planar substrates. D10.6

SILICON CONSUMPTION DURING SELF-ALIGNED TITANIUM SIICIDE
Work parUally supported by SDIO and NASA. FORMATION ON SHALLOW JUNCTION. P.L.Smith'. C.M.Osbum'- ' ,

Ilcroclcctronics Center of Nonh Carqlina (MCNC), P.O. Box 12889. Research
D10.4 Tnanglc Park. North Carolina 2 77

09.'Department of Electrical and Computor
Engineering. North Carolina State University. Raleigh. North Carolina 27695-

STABILITY OF THE ELECTRICAL PROPERTIES OF nrGA 7911.
INTEUMTALLICS OF ADIRALIII CONDITIONS. L _m _ ad ,
Department of Electrical Engineering. University of Utah- Silicon consumption during the self.aligned-silicide process using titanium reac-
Salt Lake City, Utah S4112; Young K. Kim, Delroy Baugh And tion with silicon has been studied. The self-aligned silicide (SALICIDE) process
I. Stanley Villiams, UCIA Department of Chemistry and was developed to overcome the conductivity and contact resistance limitations
Biochemistry 2080 Young all, Los Angeles, CA 90024 associated with very shallow junctions. Typical one micrometer CMOS techol-

ogy employing junctions deeper than 0.25 urn with sheet resistances below 100
ohm might only derive modest benefit from this process. Half-micrometer tech-

Ambient dpendent aealing studies of te electrical nology however, with junction depths below 0.2 um and sheet resistances of aproperties of thin films of single phase platinm-gallium few hundred ohms/sq is an ideal candidate for this process. A fundamental limi-
(Pt-Ga) istrmetallics (PtGa 2 , PtGa, and it2Ga) on Gas are tation of the Salicide process is the silicon required to selectively react with metal
imetigated. The thin it-Ga films h" been grown on GaAs to form the silicide. As junction scale to smaller dimensions, the silicon con-
by molecular beam epitaxy by co-evaporation of the elements. sumption must also be scaled so that the silicide does not penetrate the junction.
The motivation behind this study is to determine t This study was initiated to better quantify the silicon consumption occuring dur-
thermodynamic stability of the single phase Pt-Ge ing titanium silicide formation, to examine techniques to reduce the silicon con-
intermetallic family members as potential candidates for sumption during silicidation, and to define the maximum permissible silicide
high temperature stable contacts to GaAs. Out previe work thickness on ultra shallow (<1Otnm) junction as might be needed for quarter-
IlI has established that t 2 CO on GaAs is not stable on GaM micrometer and smaller devices. Results indicate that: (1) Silicon consumption in
when meled in nitrogen gas while both PtGa2 and ?tG0

146



boron and arsenic shallow junction regions is larger, by 70%. than can be D10.9
explained simply on the basis of silicide formation. (2) The annealing gas auno- BORON \3xV3 " INTERFACE STRUCTURE ON
sphere has an important influence on the amount of excess silicon consumption.
(3) Lateral loss of silicon and loss from the TiON etching must be considered. Si( ll): TWO-DIMENSIONAL ORDERED DOPING

LAYER. R.L. Headrick, L.C. Feldman, I.K. Robinson, E.
Vlieg, A.F.J. Levi, H.S. Luftman and J. Kovalchick, AT&T Bell

D10.7 Laboratories, Murray Hill, N.J. 07974.
PREFERETIAL GROWTH OF CoSi2 IN Co/Si SOLID STATE The V/3xN/3 reconstruction of boron on Si(1l1) remains
INTERACTION. Liu Ping, Hong Feng, Li Bingzong, ordered during room temperature deposition of Si, and forms

and Shen Xiaoliang, Fudan University, Shanghai, an ordered Si(lll)B/3 xV/3/a-Si interface with 1/3 monolayer

P.R.China boron at the interface. In-situ syncrotron x-ray diffraction
measurements during growth of the Si(111)B/a-Si interface
were used to determine the interface structure. The Si(I11)B

In recent years, CoSi2 has been studied inten- %/3 surface is transformed to the Si(lI)B/a-Si ordered

sively because of its possible application in interface via the removal of Si adatoms from the surface which
then become part of the amorphous Si layer. The data ismicroelectronics. In this work the CoSi2  thin consistent with an abrupt crystalline/amorphous interface.

film growth by Co/Si solid State interaction This leaves a two-dimensional '/x%/3 boron array in normal

was investigated. Four-point probe, AES, XRD and fourfold coordinated substitutional sites at the interface. Since
other techniques were used to characterize the substitutional boron is a p-type dopant in crystalline silicon,

the reconstruction layer is expected to be electrically active.
electrical and crystalline properties of the. Hall effect meaurements at 4" K show a high p-type carrier

films formed on (111) and (100) Si substrates, density (>1014 /cm 2 ) at the Si(11)B%/3xN/3/a-Si interface.

A strong preferential CoSi2 (111) orientation

grain growth was observed on (111) Si substrate. D1O.1O

The formed CoSi2 film is highly conductive with EPITAXIAL GROWTH OF [001] Cr ON [001] UF. J. Mattsont*; M.

a resistivity of about 15 um.cm. The behaviors B. Brodsky**; J. B. Kettersont.

of oxygen and other impurities during Co/Si The temperature and growth-rate dependence of e-beam
interaction has also been studied and the snow- deposited Cr on LiF [001] substrates has been studied with in situ
plow effect of some impurities was observed. RHEED, X-ray diffraction, and magneto-transport measurements.

RHEED measurements indicate that in the temperature range
5000 C > T > 400*C and with evaporation rates < 1 A/s, epitaxial

D10.8 growth occurs. These same measurements also indicate that
EPITAXIAL GROWTH OF IrSi3 ON Si (11). T.. Lin Jet Propulsion there is a thickness region where layer-by-layer growth is
Laboratory, California Institute of Technology. Pasadena, CA ; C. W. observable along the [110] direction before being observed along
Nich, Keck Laboratory of Engineering. California Institute of Technology, the [010] direction, at 60A and 100A respectively. There is
Pasadena, CA; Shin Hashimow, and Q. . Xiao. Physics Department and evidence in these films for surface reconstruction, and work is
Institute for Particle-Solid Interaction, State University of New York at presently being done to establish the nature of this surface
Albany. Albany. Nreconstruction. Resistivity measurements have shown that as the

LrSi 3 has a hexagonal crystal smicttre and the lattice mismatch between the degree of epitaxy is improved and the thickness increases, the
IrSi 3 (0001) plane and the Si (111) plane is about -1.8% at room residual resistance ratio, p(300K)/p(4.2K) also increases from 5
temperatue along all three <1T0> Si directions. Localized epiuxial growth (at 500A) to more than 50 (at 2000A).
of IrSi3 on (111) and (100) Si has been previously reported by Chu etal.
with pimxialregionsconsidngofthreedominantmodesand40 rmin size t Dnpt. Physics, Northwestern University, Evanston, IL
after annealing iridium thin films on Si at 1000 OC[l]. MSO) Argonne National Laboratory, Argonne, IL

Weamstudyingtheepixialgrowthofsingle-phaseIrSi3layersonSi(111) This work supported by the U.S.Department of Energy under
by two growth techniques :reacti deposition epiaxy and molecular beam contract No. W-31-109-ENG-38
epiaxy. The sasples wer chmacteized in-sia by reflecton high energy
electon diffraction, and ex-situ by scanning electon Microscopy, D10.11
Rutherford beckscatering specoboy (.BS), an uansmission electron

-s (rE. THE GERMANIUM GROWTH MECHANISM ON (li02) SAPPHIRE
DEPOSITED BY MOLECULAR BEAM EPITAXY, David J.

Epimxa growth of IrSi3 films on Si(11l) were achieved at growth Godbe , Mark E. Twigg, Geoff P. Malafsky, and SyedB. Qadri, Naval Research Laboratory, Code 6816,
temperatures ranging from 630 to S00 C. Good surface morphology w  Washington, D.C. 20375
observed for kSi3 layers grown at mpratures below 680 oC. TEM
analysisrevealsthat diIrSillayersgrowepitaxiallyonSi(11l)with daft Single crystal germanium films have been
epuxialmodeanda-mmchannengyieldof2% wasobservedfor successfully grown on the (1i02) sapphire face
thesamplesgrowna630 0 CbyRBS. using molecular beam epitaxy. The growth mechanism

is 3 dimensional at high temperatures, but
*This work was sponsored by NASA and SDIO as part f JPL's Center approaches 2 dimensional growth at lower
forSpameMiceeleciusocsTechnology. temperatures. Islands were formed on a film grown

at 800 C and 5 nm thick that had a mean diameter of
I. J. J. ChuandLJ. Chen. L Appl. Phy.,63(4), 1163 (1988) 22+4 nm, while islands on a film 40 nm thick had a

mean diameter of 110+70 nm. Scanning electron
microscopy shows that the films grown at 800 C have
a rough surface. Growth at temperatures of 400 C
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produced smooth surfaces, but resulted in fluorides on InP. The X-ray diffraction, SZM, TZM,
polycrystalline films. By using solid phase XPS and high frequency capacitance-voltage results
epitaxy techniques, we have succeeded in growing are presented.
singly oriented films with good surface properties
at 350 C. The use of germanium on sapphire as a This work is supported by SDIO/IST and managed by
substrate for MBE grown gallium arsenide has been the ARO.
explored, and will also be addressed.

Dl0.14
D'0.12

STRAIN-C0NThOLED HIGH MOBILITY IN ODULATION DOPD Sic,
RAPID HETEROEPITAXIAL GROWTH OF Ge FILMS BY 1Ge. s/Ge/Si-xGx HETIK-STROCTJRES. L ly 0, L
PULSED SUPERSONIC FREE JET CHEMICAL BEAM !PRAKxI, H.ETM. and LKAKAGANA Cent. Res. Lab.
EPITAXY." Daula res, D. H. Lowndes, J.Z. Tischler, T. E. Hitachi Ltd., Kokubunji, Tokyo 185, Japan
Haynes, and M. F. Chisholm, Oak Ridge National Laboratory,
P. 0. Box 2008, Solid State Division, Oak Ridge, TN. Comprehensive studies of Sio. sGeo. /Ge/ Si,_ -Gex

hetero-structures are described. In these experiments Si,
G thin film growth rates (0.25 m/s) that are -Gex buffer layers (200nm) were grown on (100) GeEptaxial G n msubstrates by molecular bean epitaxy (520t) and then Ge

significantly higher than attainable by conventional vapor phase films (20na) and modulation doe (Ga) - Sic. Geo. 5 (30nm)
epitaxial growth methods were achieved by utilizing a pulsed films were grown (400 t ) comensurately. Strains
supersonic free jet expansion. The Ge-bearing source generated by the hetero-structure were monitored using
molecules (Ge 2 H6 ) were seeded in a helium carrier gas (5% Kamn spectroscopy. In addition, two dimensional hole
Ge 2 H6 ). A pulsed free jet expansion of this gas mixture was mobilities at the Sio. sGee. s/Ge interface were evaluated
directed toward the surface of a heated GaAs (100) substrate by Hill measurements.
where Ge film growth took place by surface induced thermal In the Raman spectra, peaks from 4 different lattice
decomposition of the impinging Ge2 Hs molecules. The growth vibrations, i.e Si-Si, Si-Ge, Ge-Ge and strained Ge-Ge,
mechanism is believed to be governed by molecular scattering were observed. The frequency difference between thestrained Ge-Ge peak from the KBE grown Ge film and the
events involving thermal decomposition products and strain free Ge-Ge peak from Ge substrates was found to be
undecomposed Ge2Hs molecules, rather than by solid-gas propotional to the x-values in the buffer Si1 -xGex layers.
eauilibrium thermodynamics. The microstructural properties of The relation between the strains () and x-values was
the films were investigated by double crystal x-ray diffractometry, obtained as E ()=3. 8 (x-l). In this way, accurate control
cross-section transmission electron microscopy and Rutherford of strain in the Ge film becomes possible by changing
backscattering spectrometry. the x-value in the buffer layer.

Two dimensional hole mobilities measured at 77K
increased with strain in the low strain region (0.35Z - 0.
951). This suggests that the band gap and/or band
structure of the Sic. 5Geo. s / Ge hetero -interface is
strongly influenced by the stress field. However, in the

*Research sponsored by the Division of Materials Sciences, U.S. high strain region (0.95 % - 1.52 %), hole mobility
Department of Energy under contract DE-ACO5-84OR21400 with decreased due to the formation of dislocations. The
Martin Marietta Energy Systems, Inc. aximum hole mobility (77K) obtained was 2400cam/V.s at

the strain value of 0.95%. This mobility is 4 times
higher than that reported for the modulation doped p-Si/

D10.13 Si. .Ge. s/Si berero-structure[l].
I P 11People etal. Appl. Phys. Lett. .45., 1232, (1984)SOLID PHASE EPITAXJ.AL GR'W OF Il-A FWORXDES oN

InP BY IN-SITU RAPID ISOTKRDL PROCESSING.
R_ 81 # F. Radpour, A. lttMar, R.P.S. Thakur, D10.15
University of Oklahoma, Norman, OKi J. Narayan, STRUCTURAL CHARACTERILATIONS OF SYMMETRICALLY
A.R. Srivatsa, North Carolina State University, STRAINED GesSin SUPERLATTICES. R. C. BOWMAN JR.
Raleigh, NC: A.J. Nelson and B.S. Ullal, Solar and P.M. Adams, The Aerospace Corporation, Los
Energy Research Institute, Golden, 00. Angeles, CA; C.C. Ahn, California Institute of

Technology. Pasadena, CA; S.J. Chang, V. Arbet,Availability of sepitaxial dielectrics n and K.L. Wang, University of California, Los
crystalline conutors, superconductors an Angeles, CA.-
semiconductors in any desired sequence (e.g.
dielectric on semiconductor etc. and vice-versa) Ge Si 5 strained layer superlattices have been pre-
can result into new and improved microelectronic, pared by MBE. These GesSin heteroepitaxial super-
optoelectronic, superconducting electronic devices lattices were grown on relaxed Ce Si buffer
and circuits as well as integration of diverse layers in order to symmetrize the strain distri-
technologies on the sam sUbstrate. Out Of the bution and thus obtain pseudomorphic growth of
various potential epitaxial dielectrics, group II- nosinal 300na thick superlattices. Samples with
A fluorides (Car, Bar3 , SrF, and their mixtures) different superlattice periodicities and different
have shown promising results. Reduced thermal individual layer thickness ratios were prepared.
budget (product of processing time and temperature) Cross-sectional transmission electron microscopy,
processing techniques are essential for the next x-ray diffraction, and Reman scattering spectro-
generation of devices and circuits. A number of scopy have been used to characterize these samples.
undesirable phen=mnon can be miniized if the
dielectric is deposited at rom temprature This paper describes the geometrical properties
followed by solid phase epitaxial growth. We have (i.e.. layer thickness, uniformity, homogeneity.
used in-situ rapid isothermal processing for in- and Interface abruptness) and crystalline per-
situ cleaning the sub t ate, and anneal the Z oom fection of the superlattice layers as deduced from
temperature deposited II-A fluoride films on (100) these measurements. The compositions and defect
and (111) ImP. In this paper for the first time we structures of the Geyil.y buffer layers were found
report the solid phase epitaxial growth of I-A to have significant influence on the quality of the

superlattices. In particular, more disorder was
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a pparent for superlattics structures grown on D10.18
Ge0 5 Si 0 .5 buffers than those grown on buffer EPITAXY OF Si,.Ge. ATOMIC LAYER SUPERLATTICES L.M.
layers witb significantly higher or lover Ge con-
tents. The effects of thermal anneals on the Raieal D.J. Lockwood, M.W.C. Dhartna-wardana. D.C. Houghton

a aiiyand relaxation behavior will also be and N.L. Rowell. Division of Physics, National Reasearch Council
rtpbility Canada, Ottawa. KAOR6, CANADA.

In recent year there has been much interest in the synthesis of semi-
D1O *16 conductor superlattices for use in device applications. Strained-layer su-
PLASTIC FLOW IN Si/Ge QUANTUM WELL STRUCTURES. perlattbces are of particular interest because strain addsan extuadegree of
Mark E. Twigo, GE-Centers, Inc., Fort Washington, freedom to bandgapcengineering,.Si/si.Gex strained heteopitaxy has
Md 20744; and D. J. Godbey Naval Research been studied extensively and novel devices based on that materials
Laboratory, Washington, D. C. 20375. system have been proposed. Recently, it has also been predicted that due

to zone folding effects, very short period (Si,,Gen,, atomic layer
Understanding plastic flow in semiconductor quantum superlatnces (ALS),rmade of pperiods of alternating mand nmonolayers
well structures is an important step in developing of Si and Ge, may have optical properties not observed in the host
asuccessful model for the mechanical stability of matrasInpriuaitsexcedhtfocranvlesfmadn

more complicated modulated device structures. As tras natclrtsxetdhtocranausfad
the first step in conducting such a fundamental and specificstrin conditions, quasi-direct band gap couldbeobtained
study, we have used molecular beam epitaxy in in these ALS. In this paper we report the molecular beam epitaxy growth
growing a simple quantum well structure on a (001) of various (Si.Gei), ALS anidtheir charcteriztion by Raan scattering

s ilicon substrate that consists of a lO0na Si spectroscopy, double crystal X-ray diffraction,transmissionelectron mi-
buffer, a 6Ona Sio.,Geo., quantum well, end 500nm of croscopy and photoluminescence. The AL.Swere prepared on (10)Si,
epitaxial Si. We grew this structure at a (100)Ge and on Si.xGexbuffers to study the substate dependence of
deposition rate of 0.2nm/sec and a growth their structural and optical properties. Annealing treatmeats were also
temperature of 5004C. In order to study subsequent performed to study interdiffusion and strain relaxation. Planar growth
plastic flow, the as-grown material was subjected was observed on Gesubstates but the microstuctures showed some
to four different annealing treatments: 800'C for 30 waviness on Sisubstates and ahigh defectdensityon alloy buffers.
m inutes. 850'C for 30 minutes, 9001C for 30 minutes, Phonon peaks due to folding of acoustic modes were seen by Raman
and 12000C for 30 seconds. From measurements of the scteigseroopinhefqucyage620 m1Te
dislocation density using plan-view transmission scteigperoopinhefqucyage6-0cm.Te
electron microscopy, we found the strain relief in observed Raman spectra from the ALS were interpreted on the basis of
the as-grown film to be 4xlO . For all four an analysis of theoretical spectra of these systems. Thissnalysis provided

annealing treatments we found that the strain an estiaon ofthe iterfacl blufringin the ALS. The PL investgation
relief increased to a value of 2x10-'. Because all revealed no strong luminescent features that could be relatedo a direct
dislocations observed in these films occurred as band gap transition.
paired misfit dislocation dipoles, plastic flow in
this system must be dbie to the propagation of D10.19
douible kinks. It is our conjecture that such low
observed values for strain relief, in annealed MAGNETIC AFTEREFFECT IN COtPOSITIONALLY-MODULATED Ni/Cu
quantum well structures, can be explained in terms M4ULTILAYERS PREPARED BY ELECTRODEPOSITION AND BY SPUTTERING.
of a new mechanical stability criterion for double L..Bnet L. J. Swartzendruber, NIST, Gaithersburg, MD
kink extension. 20899 and W. Abdul.Razzaq. West Virginia University.

M4organtown, WV 26506

D10. 17There has been a large body of studies of the magnetic
THERM4AL STABILITY'OF Si/Si ,,,eo,5/Sl MODULATION DOPED DOUBLE properties of Ni/Cu superiattices produced from the vapor
HETEROST'RUCTURES. P.J.Wang .lS. Meyerson. P.M. Fahey. F. LeGooes. CJ. phase by sputtering or other deposition. A much smaller body
Scilla. andJ J.M. Cotta. IBM T.J. Watson Oesearch Center, P.O. Box 218. Yorktown of data is available on these compositionally-modulated
Heights, NY 10598 alloys produced by electrodeposition. Therefore, when it was

discovered' that there was a relaxation of the magnetic
moment upon field changes in the electrodeposited Ni/Cu, the

Si/SiGe heterostructures have potential applications for many advanced devices, question arose as to whether or not the effect might be
Since Si and SiGe are lattice-mismatched. heterostructures based on these alloy unique to the deposition process. For example, could it be
systems are mnetastable. Several growth techniques, such as molecular beam epitaxy that the elactrodeposition process caused hydrogen to be
(MIBE) and ultra high vacuum/ chemical vapor deposition (UHV/CVD). bave been imbedded in the multilayers, and that this hydrogen was
demonstrated to enable the growth of coherently strained Si/Si~e at low tamper- somehow related to the magnetic aftereffect observed in
atures. The low growth temperature provides insufficient energy for atoms to over- electrodeposited Ni/Cu? We now have discovered the same
come a kinetic barrier and inhibits the structural relaxation process. However, these magnetic relaxation in sputtered Ni/Cu. Thus the effect,
strained heterostructures are inclined to relax if they are subjected to temperatures which is of some importance to the application of magnetic
well above the growth temperature. multilayers to magnetic recording, does not appear to be an

artifact of the preparation process.

The thermal stability of Si/Siosr~eats/Si p-type modulation doped double t. V. Atzmony. L.J. Svartzenduber, L.1l. Bennett, M.P. Dariel,
heterostructures grown by the UJHV/CVD) technique has been examined by Hall D.S. Lashmore, M. Rubinstein, and P. Lubitz, J. Hag. Magn.
measurement. transmission electron Imiroscopy, snd secondary ion mans Hatla. J2, 237 (1987).
spectroscopy. As-grown heterostructures showed two-dimensional bole gas
(2DHG4) conduction at abrupt Si/Si~e and SiGe/Si interlaces. An anneal at 800
*C. for I hr. promoted the migration of boron accptors to the heterointerfaces. D10.20

This degraded the electrical prtie of heterostructures but they still retained TEKNTC FSlc/iRLXTO SN AG
IDHG conduction. Rapid redistribution of boro and the disappearance of 2DHG TEKIEICOFS.Ge/iRL ATO UIN LRE

conduction was observed after a 900 9C, 0.5 hr. anneal. No misfit dislocations were AREA DISLOCATION IMAGING TECHNIQUES. D-. Hoghtonl
observed for all the annealed heteastructures demonstrating the defect-free crystal P. Timlbrell and J.-M. Banrbeau, National Research Council of Canada,
quality of these as-grown strained heteroepitaial layers. Tbe problem associated Ottawa, Ontario K IA 0R6, Canada.
with interdlffualon of Ge is examtined and will be discussed.

Annealing experiments in the 600-900*C temperature range on ME
grown Si~e/Si heterostructures have revealed an abrupt trasitiont from
stable to relaxed microstructure. Transitions occurrng At unique Strain-
thickntess values for uncapped SiGe epilayers. buried strained layers and
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superlattices provide the thermodynamic equilibrium critical thicknesses D10. 23

for these geometries. Single misfit dislocations at densities < 1 cm "2  MODEL FOR EPITAXIAL GROWTH OF CO ON CU(100)
have been observed using Nomarski interference microscopy of defect D.D.2Lydnsky and S. Clarke, The Blackett Laboratory and
etched surfaces and charge collection microscopy (EBIC) in the SEM. In Semiconductor Materials IRC, Imperial College, London SW7 2BZ,
addition, X-ray topography and both plan view and cross sectional TEM United Kingdom
have been used to characterize the dislocation structures. The kinetics of
misfit accommodation by dislocation glide can be characterized by a The kinetics of growth of Co on Cu(00) are investigated with
relaxation temperature which for 30 minute furnace anneals and excess
stresses below -10 - 2 G is 600"C: 25"C. A comparison of the akinetic solid-on-solid model. By an appropriate choice of mobility
sensitivities obtained by each technique is made. The extent of relaxation parameters that reflects the adatom-substrate interaction and the
(misfit dislocation density) for various anneal cycles and values of excess relative surface free energies of the two materials, the surface step
stress is discussed together with the implications for processing of density is found to reproduce qualitatively all of the important feat-
devices such as the SiGe heterojunction bipolar transistor (HBT). ures of recent in-situ He-atom scattering experiments. Our study

suggests that growth is initiated by regions where second and possi-
DID. 22 bly third layers of Co are formed while other regions of the Cu

STRUCTURAL PROPERTIES AND THERMAL EVOLUTION OF Fe/Ti MULTI- substrateareuncovered. Oncethesubstratehasbeencovered, growth
LAYERS. Rodmacq B., Hillairet J., Laugier J. and Chamberod proceedsinaconventionallayer-by-layermanner. Thisinterpretation
b ., CEN-Grenoble, DRF. SPH, 85 X, 38041 Grenoble Cedex, isinagreementwiththeconclusionsofSteigerwaldandEgelhofffrom
France. their studies of growth of Fe on Cu(l00). By identifying the pertinent

Fe/Ti metallic multilayers deposed by sputtering technique physical mechanism governing the early stage of growth, we are able
at the Fe33 Ti 6 7  average composition have been studied by toprovideanestimateofthediffusionbarrierofCoonCooverlayers
X-ray diffraction, Mossbauer spectroscopy and electrical that agrees wellwith an Arrhenius analysis of the experimental data.
resistivity as a function of the period. For A - 4 nm, an
amorphous-like structure is observed, although the modula- D10.24

tion of composition still exists along the growth direc-

tion. For larger A, crystalline Ti appears, first with a MAGNETIC PROPERTIES OF TbFeCo/AI MULTILAYER THIN
bcc structure (A - 4 rin), then with the stable hcp struc- FILMS. B.D. Yan, J.A. Barnard, M.H. Kim, and G.W. Warren,
ture (A - 6 ris) the c-axis lying along the multilayer Department of Metallurgical and Materials Engineering, The
growth direction. At a period of 8 rm, the iron-rich layer University of Alabama, Tuscaloosa, AL 35487-0202.
in turn crystallizes to a bec phase inducing a texture
change of the Ti layer, the c-axis lying now preferen- A series of periodic multilayer ThFeCo/AI thin films have been
tially in the plane. Anomalies in both the lattice parame- prepared by DC magnetron sputtering using sequential deposition
ters and crystallite size occur from this period up to techniques. The nominal area composition of the alloy target was
about 12 rm. For large, periods, one tends towards layers Tb2FeCo8 . The configuration of the films is of the form (xA/yB) e,
of practically pure hcp Ti and bcc Fe respectively, where x and y are the thicknesses of the A and B layers respectively,

and n is the number of bilayer units used in constructing the film. The
The thermal behaviour depends strongly on the period, too. individual layers are from 2-10nm thick; the total thickness of the
For A < 8 nm, an interdiffusion of iron and titanium from ThFeCo alloy is kept constant at 80nm for all samples regardless of
500 K leads to a metastable bcc solid solution Fe Ti6r . the thickness of the individual layers. The magnetic properties of the
Above 700 K, the equilibrium phases s-Ti and FeTi appear. films (eg., saturation magnetization, magnetic anisotropy, and
on the c:ontrary, for A > 8 ra, it seems that titanium pre- coercivity) have been measured as a function of TbFeCo and Al layer
ferentially diffuses into Fe at short distance. As a thicknesses by vibrating sample and torque magnetometry. The
result, the equilibrium phases are formed directly quality of the multilayers (periodicity of the superlattice and
although composition modulation along the growth direction sharpness of the interfaces) has been ascertained by X-ray diffraction
is still observed. Above 700 K, the increase of the grain and cross-sectional TEM. An 8Onm thick homogeneous thin fim of
size parallels the disappearance of the composition the TbFeCo alloy was also grown under identical sputteringmodulation. conditionss a reference and was found to have in-plane easy

magnetization. Very pronounced interfacial and/or reduced
dimension effects have been found in the multilayer systems. These

DIO.22 include evidence for a "dead layer" in the interface regions (2-3nm
(.e TRANSPORT AND EPITAXY IN THE AMORPHOUS-Ce/Pd Si/1111I Si thick) and reversal of the direction of easy magnetization from in-
SYSTEM Q.Z.Hong, J.G.Zhu and J.U.Mayer, DeSartment of plane (in the homogeneous thin film samples) to strongly
Materials Science and Engineering, Cornell University, perpendicular in the mutilayer configuration. The details of the
Ithaca, New York 14853 hysteretic behavior of multilayer samples depend sensitively on the

individual layer thicknesses. These results demonstrate the potential
Solid phase epitaxy (SPE) of Ge-Si alloy on 1111) Si for gowing new materials with precisely tailored properties using
substrates was achieved in the amorphous-Ge/Pd Si/{llil Si tmultilayer thin films.
system. Channeled Rutherford backscattering ipectrometry
and high resolution cross section transmission electron
microscopy were used to investigate the reaction process. D10.25
The SPE started with the Rigration of Ge atoms into the
epitaxial Pd Si laver at 600 C. Then single crystalline DEPENDENCE OF Mo/Si MULTILAYER MORPHOLOGY ON
Ge islands wire formed on the Si substrate. Finally the Ge DEPOSITION ANGLE. Yuanda Cheng. Mary Beth Steams and
islands coalesced to form a uniform epitaxial Ge70 Si5  David j. Smito. Dept. oT PhiicsiAizona State Univ., Tempe.
layer on the 11111 Si substrate. In the meantiml, tti AZ 85287
Pd Si exchanged positions with the Ge layer, leading to a
filal configuration of PdSi/epi-GeASit32/(ll11] Si. The
minimum yield of the epitaxill layer w12 0. 2, measured in Mo/Si multllayer films (ML) are one of the highest reflectivity
the presence of the top polycrystalline Pd2 Si. ystems being used for soft X- opial elmnts. Studie sio

that the ML-Oducd by sputt nn have slightly wMer oS o Mo
Interfaces and narrower Mo on Si Interfaces than those produced
by e-beam evaporation. in order to investigate wh. her this is due
to the wider spread of incident angles in sputtering, a series of
Mo/SI ML have been fabricated in a UHV e-beam evaportion
system at different deposition angles. The substrate temperature
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(T.) was varied between 300K and 550K and the deposition angle D10.28
(a) was varied from 00 (normal incidence) to 600 by tilting the THERMODYNAMIC PHASE STABILITY ON GaAs OF
substrate. The films were studied by cross-sectional high resolution
electron microscopy. INTERMETALLIC THIN FILMS OF CoGa WITH A LARGE RANGE

For T -300K. the interfaces became smoother and the Mo OF COMPOSITIONS. Young K. Kim, Delroy Baugh and R. Stanley
crystalees became more spherical in shape as a was varied from Williams, Department of Chemistry and Biochemistry and Solid State
00 to 600. Some columnar' structure was seen in some samples. Science Center, UCLA, Los Angeles, CA.
For Ts-530K. which is the optimum temperature for 00, the Mo
on Si interfaces broadened as a increased. Byond 300 the Mo
layers were amorphous and the Mo and Si were highly diffused. Crystalline thin films of CoGa with different compositions have been
Higher a thus produces behavior similar to that due to higher Ts.
Some of the differences between ML produced by sputtering an grown on GaAs (100) by co-deposition of Co and Ga. The phase
by vapor deposition can now be explained, transformations upon annealing were studied using two theta X-ray

diffraction (XRD), Auger electron spectroscopy (AES), X-ray
D10. 26

EFFECT OF SUBSTRATE MISORIENTATION ON photoemission spectroscopy (XPS) and Transmission electron

HETEROEPITAXY WITH LARGE LATTICE MISMATCH: miscroscopy (TEM). One of the most interesting features of the CoGa
Ag/Si(lll). D.C. McIKenna, K.-H. Park, G.-C. Wan , Physics phase is the large composition range over which an ordered structure is
Department, Rensselaer Polytechnic Institute, Troy, NY, and G. A.
Smith, Department of Physics, State University of New York, Albany, stable. For the 1:1 stoichiometric compounds Co and Ga atoms form
NY interpenetrating primitive cubic lattices, but for deviations from 1:1

Epitaxial films of Ag were grown by Molecular Beam Epitaxy on stoichiometry there must be structural defects in the lattices.
small angle misoriented Si(111) substrates. The surface normal was

tilted 0 to 60 away from the Si(111) axis toward the [ii2] direction. This presentation will focus on the chemical and phase transformations
Despite the large lattice mismatch (.25%), good quality Ag films, 600 which occur upon annealing of the CoGa thin films on GaAs. The

to 1200 R thick, were grown on the misoriented Si( 111) substrates.
From X-ray pole figure analysis, the epitaxial relationship is found to stability of these thin films as a function of the varying stoichiometries

be Ag(11l)//Si(111):Ag [01i]//Si[Oli] with smaller amounts of a will be discussed by considering the thermodynamic properties and

twinning structure - Ag(lll)//Si(lll):Ag[Oil]//Si[Oli]. defect-related chemical reactions at the interface between CoGa and
Interestingly, the angle between the Si(111) axis of the substrate and GaAs.
the Ag(111 I axis of the film (the misalignment angle) is not zero. In
contrast to the perfect alignment of Ag(111) on atat Si(11)
substrate,' the Ag(111) axis is tilted away from the Si(lll) axis 01O.29
toward the surface normal. Axial MeV He ion channeling shows the X-RAY TOPOGRAPHIC ANALYSIS OF STRAIN FIELDS DUE
misalignment angle (up to .60) increases linearly with substrate TO MICRON-SIZED GRATINGS ON Si(100) AND A1203 (1120)
misorientation angle (- 1/10 substrate misorientation angle). Possible SURFACES. A.Peter Jardine, MichaelDudley Gong-Da Yao and
structural models consistent with the observations will be discussed. Lalita A. Balasubramanian, Dept. of Materials Science, SUNY

'K.-H. Park, D.C. McKenna, H.S. Jin, G.-C. Wang. K. Rajan, G. Stony Brook, Stony Brook NY 11794.
Smith, L. Luo and W.M. Gibson, Mat. Res. Soc. Symp. Proc. 138,
545 (1989). In a previous synchrotron X-ray topographic examination of Si(100)

samples, in which 0.3,m deep concentric circular gratings were
D10. 27 etched into the surface by plasma CVD, it was shown that the diffrac-

X-RAY DIFFRACTION STUDIES OF PSEUDOMORPHIC tion contrast was consistent with a radial strain field. Recently,

a-GeSn(t,,) ON lnSb(001) W. Lowe, E. Fitzgerald, P. Freeland, M. we have also observed diffraction contrast from identical circular

Asom and R. MacHarrie, Jr., AT&T Bell Laboratories, Murray Hill, NJ gratings sputtered into single-crystal sapphire, and from linear grat-

07974 ings etched into Si(100) using plasma CVD. Analysis of white beam
transmission and reflection topographs enabled characterization of

Using MBE, thick layers of o--GeSn(,_) (x : .13) have been grown on the three dimensional distribution of the strain field associated with
InSI(001) substrates. The layers have been characterized by x-ray the presence of the gratings. Mass transport processes can be stud-
diffraction with respect to their perpendicular lattice constant a.. For ied through the analysis of the decay of sinusoidally shaped grating
samples with compositions of x = .04 and .08 a notable terragonal surfaces and so the presence of strain fields and their characteriza-
distortion is observed. The origin of the distortion is the in-plane tion is of interest. Similarily, the presence of strain fields may be a
strain-epitaxy of the a-GexSn(,x) to the lattice constant of the InSb. significant factor in epitaxial crystal growth. The origin and nature
The x-ray data shows that as much as 8% Ge can be incorporated into of these strain fields will be discussed.
the ca-Sn before the 0 vhase becomes significant. Above 8% the
diffraction peaks become broad indicating degradation of the diffracted E e nts performed on the x-ray topography beamline (X-19C)
domains. It is believed that the present growth temperature limits Ge the p ored y opogapy eznline S-
content to 8%. However, in samples grown to contain more than 8% at tem NSLS is supported by D.O.E.(DE-FG02-84ER45098). Sup-
Ge only 8% Ge is incorporated in the a-Sn. The excess Ge is possibly port from NSF (M.D, G-D.Y, DMR 808948) is grateully acknowl-
expelled from the sample. Data will also be presented on edged.
a-Sn/SnGelx superlattices. D1 .30

FORMATION OF BURIED AND SURFACE CoSi2 LAYERS BY
ION IMPLANTATION. M.F. Wu, A. Vantomme, Gjuiffiagwi
IKS University of Leuven, Blium; K. MauJ.Vanern tv
IMEC, Leuven, Belgium; J. Vanacken, H. Vloeberghs and Y.
Bruyneraede, VSM, University of Leuven, Belgium.

The formation is studied of buried CoSi2 layers and surface CoSi2
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layers formed by high dose ion implantation in an energy range of superlattice layer. A strain symmetrized superlattice should improve
30 to 160 keV, combined with conventional furnace annealing or the quality of the QW. This is the longest wavelength reached with
with rapid thermal processing. The crystalline quality, the phase of InGaAs/GaAs QWs and this structure promises to be suitable for the
the buried and surface sihcide layers, the abruptness of the
interfaces and the electrical transport properties are studied by fabrication of long wavelength optoelectronics on GaAs substrates.
RES, channeling, cross-sectional TEM, M6ssbauer spectroscopy
and resistivity measurements. The stability of the buried and D1. 33
surface CoSi2 layers at temperatures between 1000"C and 1200" C is
also studied and compared with the results for MBE grown samples. "A STABLE n-CHANNEL In? METAL-INSULATOR FIELD EFFECT

TRANSISTOR WITH AN AMORPHOUS Sl:H GATE. E. kodi(i. Foundation
Low energy (30 keV) implantations with a dose of 5 x 1016 For Research and Technology-Ilellas. llerakio Grete. Greece. A. A niatius.
atoms/rge Electical Engineering Department, University of Mcryland. College Park. MD 20742gave rise to continuous buried COSi2 layers as thin as 20 and A. Chisou, Naval Research Laboratory. Washington, DC 20375nm with good crystalline quality. High dose implantations, on the
other hand, gave rise to surface CoSi2 layers with crystalline quality
and electrical properties comparable to those of MBE grown Indium Phosphide and its ternary and quaternary lattice matched systems have wide
samples or buried CoSi2 layers. It was found that buried CoSi2  potntal applions i opociecroruc. hig speed digital and ucrowavetechnologiest. Conventional n-channel MF-SFErs have not be.en fully developed de
layers had better thermal stability than surface CoSi2 layers with to a low Schottky barier fob < 0.5 eV) resulting In An excessively high reverse bias
similar thickness. The disintegration was found to start by void leakage current In order to correc the leakage problem. inslated gate systerns
formation at both CoSi 2/Si edges. have been developed based on deposited Inslators (1) o epitauialy grown wide band

gap semiconductors. The deposited insulators continue to exhibit a high interface
state density and duif in the gate. The epitaxially grown semiconductors are Usually
lattice misnatched to InP which results in strain induced interface states and thernal

Q10.31 instablities. Amorphous semiconductors have distinct advantages over the epitaxially
grown semictors becaisef of lower deposition temperatures, easier passivation

ANISOTROPIC TRANSPORT IN InGaAs/GaAs HETERO- and lower srs induced inter c e states.
STRUCTURES GROWN BY MOVPE. 0inq Sun, D. Morris, C. I, this ,,ork, we repo," for te rst hr

Lacelle, and A. P. Roth, LMS, NRC, Ottawa, Canada ihly stable n-channel InP FEr using a hydrogenated amorhous silicon gate
(a-Si:H).

Anisotropic electron transport has been observed in In.Ga. As/ The devices were made on SI implanted ( N - NA = 5 x 10 16 c semi-insulating
(100) InP substrates after nitride encapsulation and annealing. The a-Si:H was

GaAs heterostructures grown by MOVPE on (100) and intentionally deposited by dc Magnetroa sputtering in H2 ambient at 2000C. followed by the
misoriented GaAs substrates. The low field electron mobilities in two deposition of the PAu gate metals. The I iLm gates were defined by standard

photolithopy and lift-off techniques. The I-V characteristics of the devices
perpendicular directions are found to be higher in the [110] showed pinch.ott at Vos -7V and a maximum transconductance s=)
direction than in the [1 T0] direction, while the degree of anisotropy between 30 and 39 mSnrAm. The transfer characteristics showed a flat g region for

decreases with increasing carrier concentration. The ratio of o V'S betwee -2and -4V. e Ls d of th FTI was teted at - 0 and -3V. No observsable change in IDS was measured in the frst 300 hou. After the

PnTo0 derived from Hall measurements at both 300K and 77K can first 30D hours of testing a 3% icrease was indicated for VGS - -3V. The higs
be related to the degree of substrate misorientation as well as stability of this gae System IS attributed to the low temperature of deposation and

the partlcular paaLvation of the InP surface followed here, as shown dy Auger and
epilayer composition, which varies in the range of O<x<0.24. Low-Energy Eectron Probe analysis.

The combination of the stable characteristics and the god pinch-off voltages Make

Drastic differences are also observed in the photoluminescence this device the best reported to date with a-Si:H gates

spectra of layers grown on substrates with different orientations.
These anisotropic properties are directly related to the anisotropy 1. . S. Uckusa Y. Stglym and M. Taa1o. 9ap I. App. Phsys., 26.
of [110] and [11"0] dislocations due to lattice mismatch between 2. S. Lonaliche. C. Vaudry, L. Henry and A. LeCorre, Electronics Lett., 22. S96

the substrates and the layers. (1986)
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D10.32 LATTICE MISMATCH EFFECTS IN GaAsP/GaAs AND

STRAINED InGaAs/GaAs QUANTUM WELLS WITH A 1.3 Rm GaAs/GaAsP/GaAs HETEROSTRUCTURES. Y.W. Choi and
C.R.Wie, State University of New York at Buffalo,

BANDEDGE AT ROOM TEMPERATURE P. Melman, B. Elman, Dept. of Electrical and Computer Engineering and

C. Jagannath, Emil S. Koteles, A. Silletti, GTE Laboratories Inc., Center for Electronic and Electrooptic Materials,
40 Sylvan Rd., Waltham, MA. 02254 Amherst , New York 14260; S.M. Vernon ,Spire

Corporation, Bedford, MA 01730
The fabrication of long wavelength optoelectronic devices on GaAs
substrates is an attractive method for the monolithic integration of structural and electrical characteristics
optical and electronic devices on a single chip for applications in of the GaAs l P /GaAs and GaAs/GaAs, xP /GaAs

(x-0.02,0.05,0.07,0.l7 and 0.31) heteroepitaxial
telecommunications. Strained lnGaAs quantum wells (OW) grown systems have been investigated using X-ray
on GaAs substrates can be used for engineering the bandgap required rocking curve technique, Optical Beam Induced
for 1.3 xm transitions at room temperature. We have grown and Current (OBIC) technique, and I-V-T and C-V

characterized OW structures with this bandgap using a technique of measurements. The rocking curve Full Width Half
Maximum of the GaAs, xPx  epilayer increased

spatial strain separation to avoid the stringent restriction of critical sarply at x-0.17 due to a decreased layer
thickness which limits the achievable bandgap energy in this material thickness and increased in-plane mismatch. As the
system. lattice mismatch increased, crosshatch pattern

density in the OBIC image and Nomarski Micrograph
The samples were grown by MBE on GaAs substrates with a lnGaAs increases and the ideality factor for Au-
buffer layer designed to relieve part of the strain generated by the GaAsP/GaAs and Au-GaAs/GaAsP/GaAs Schottky diodes

Jncreases. The minority carrier diffusion length,
large lattice constant mismatch. The indium concentration in this measured by the light beam traveling method,
layer was about 25% and the dislocations were terminated by a decreased with increasing in-plane mismatch.
2/2 rim InGaAiGaAs superlattice. The InGaAs OW, grown on this Fermi-level pinning by misfit dislocation was
buffer layer, was 6 mm wide with an indium composition of 45%. The observed for the higher phosphorus composition

GaAsP/GaAs samples. Au-GaAs/GaAsP/GaAs SchottkyQW, which was analysed using low temperature PL and room diodes show an excess current at a low
temperature transmission spectroscopy, had a bandedge around 13 temperature and high field range which is
i.m at room temperature. The PL spectra show broadening believed to be due to defect related tunneling.
attributed to incomplete termination of misfit dislocations by the
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DIO.35 to be mainly due to the degree of lattice

A TER AND RHEED INVESTIGATION OF THE INITIAL STAGES OF relaxation in each SLS. The computer simulation

InSb GRO TH ON CaAS(001) 81 fOLECULAR BEAM EPITAXY (jDE). based on the dynamical X-ray diffraction theory

) A.E.Statcn-Sevan,* U.t.Pashley,* S.D. Parker,+ indicates a nearly pseudomorphic tetragonal

R.L.'.lliams,i and R.UDoup.d,+, Imperial College ot distortion for the (001)-oriented SLS and a

~....,C1. T310h, 1in, . -.. -. io..' .- s..., t.u . partially-relaxed rhombohedral distortion for the

(*Department of Mdterials, +Department of Physics). (11)-orientation. The plain and graded buffer

layers are partially relaxed for (ll)-oriented

The narrow-gap semiconductor, ln~b, shows potential for SLSs. We show the influence of random fluctuations

monolithic, integrated, optoelectronic deviceapplications. of layer thicknesses in the higher order SLS peaks
The present study focubes attention on the very early in thn rocking curves of the (001)-oriented

stages of HBE growth of InSb on GaAs(001), using the sample. £he in-plane elastic strains obtained from

complementary techniques of in-situ RHEED and plan-view XRC are in good agreement with data obtained from
and croes-scctional TrM. These techniques provide clear Raman spectroscopy.

evidence for island growth, rather than monolayer or
Stranaki-Krastonov growth. A Study of the island D1O. 38
morphology and defect structure has been made as a
function of the amount of lnsb deposited. Results to be RAPID GROWTH OF THICK, IC QUALITY, GaAs LAYERS
presented will include clear evidence for {113) and (111) FROM A FLOWING SOLUTION. E. E. Crisman J. T. Daly
faccts, details of linear and planar defects in the InSb H. J. Gerritsen. C. Roberts and D. Schaafsma, Department of
and evidence for the prevence of an additional epitaxial Physics, Brown University, Providence, RI 02912
ephaleri e phase.

A novel liquid phase epitaxy (LPE) technique has been
D10.36 demonstrated which is capable of rapid growth of layers of GaAs

HETEROEPITAXIAL GROWTH OF IP ON GaAs WITH INTER- many microns thick. By using a flowing, gallium rich solution of
Ga and As, rather than the traditional stationary 'melt' for liquid

FACE LAYER GROWN BY FLOW-RATED MODULATION phase epitaxy, the width of the solute depleted layer at the

EPITAXY. W.K. Chen, J. F. Chen, J. C. Chen, H. M. Kim, L An- liquid/solid interface is both reduced and held constant during the
thony, C. R. Wie, and F. L.Liti. Department of Electrical and Com- LPE growth process. This permits the initially high growth rate
puter Engineering, SUNY at Buffalo, Amherst, NY. (-Sum/min) to be sustained for the entire term of the growth cycle.

In comparison, static solution growth LPE rates are of the order of
Heteroepitaxy adds a new dimension to material growth and device ap- I0 m/hr when layers of several micron thickness are required.
plications. We can use the unique features of several semiconductors Since no arsenic overpressure is needed at the growth temperature
and combine them to realize new devices, such as OEIC's. For (700 "C - 800 "C), excess arsenic is not observed in the resulting thick

film layers. Such films have been demonstrated to be of a
heteroepitaxy in MOCVD, the two-step growth technique is widely crystallographic and electronic quality comparable to good MOCVD

used. A thin interface layer is first grown at low temperatures prior to a and MBE layers, and therefore, are directly suitable for use in IC
high temperature growth. The interface layer affects the quality of the device fabrication. Because the initial capital outlays as well as
fil. safety considerations are much less than required for MOCVD

*lnd/nr MaE systems, the additional high throughput capability of
In our experiments, In epilayers were grown on GaAs substrates by this LPE technology might make it economically competitive with
using the two-step technique in an MOCVD system. However, the in- current processes.

terface layer was grown by the flow-rated modulation epitaxy techni- A brief description will be given of the mathematical model on
que. The crystallinity of the film increases initially with the thickness of which the growth chamber design is based, along with comparisons
the interfare. layer. High quality films were obtained with an interface between predicted and measured growth rates. Diagrams of the
layer thicket, , ,00 A. Different froia the conventional MOCVD, growth chamber will also be presented. Photoluminescence (PL)
the quality of the film does not deteriorate when the thickness of inter- spectra of doped and undoped layers will be compared with PL
face layer is further increased. The FWHM's of the x-ray rocking curve responses of high quality commercial grade GaAs epitaxial layers

(MOCVD and MBE). Mobility values and other data, relative to
(Fe Kai line) and 10 K PL spectrum for a 6.2-pim-thick InP/GaAs are electronic performance and crystallographic perfection will also be
144 arcsec and 1.28 meV, respectively. They are quite compatible to discussed.
that of InP homoepitaxy. A Schottcky diode made on the
heteroepitaxial film shows an ideality factor of 1.42, a barrier height of D10.39
0.5 eV, and a leakage current of 2.92 x 10"3 A/cm 2 at a reverse bias of MErAL-ORGANIC CHEMICAL VAPOR DEPOSITION OF In?
0.5'V. BY PULSING PRECURSORS. W. K. Chen, J. C. Chen, L Anthony,

and P. L Lui. Department of Electrical and Computer Engineering,
D 10.37 SUNY at Buffalo, Amherst, NY.
STRAIN AND LATTICE-MISMATCH IN (001) AND (111)
GaInAs/GaAs STRAINED LAYER SUPERLATTICES. H.M.KIM By pulsing precursors alternately into an MOCVD system, we have
and C.R.WIE. State Uni,:ersity of New York at grown InP. Since precursors are seprately introduced, prereaction is
Buffalo, Dept. of Electrical and Computer Engi- effectively suppressed. The growth temperature is substantially
neering. Bonner Hall, Amherst, New York. 14260; lowered in comparison with the conventional MOCVD. It is mass-
C.G.Fonstad, Massachusetts Institute of Techno-
logy, Cambridge, Massachusetts, 02139 tapolimited above 410 oC, which is 140 °C lower than that of

conventional MOCVD. The process is kinetic-controlled with an ac-
tivation energy of 19 Kcal/mol at low temperatures. Apparently, the

GaInAs/GaAs strained layer superlattices (SLSs) surface catalytic effect greatly enhances the decomposition of reac-
grown by molecular-beam epitaxy on (001) and (111)
CaAs substrates are characterized using double pcly.P83
crystal X-ray rocking curve (XRC), for the first At340oOC the growth rate in each switchin cycle saturated at exactly
time on (111)-oriented GaInAa/GaAs SLSs. The

rocking curve broadening of the (111)-oriented one monolayer. At such a low temperature, the TMIn is partially
GalnAs/GaAa SLSs Is much greater than that of the pyrolyzed. t sug ests that the methylindium radicals rather than the In
(001) SLS, indicating that the layer quality is atoms play the crucial role in the self-limitingproce of InP atomic
better for the SLS grown on a (001) substrate than layerepitary.
for those grown on a (111) substrate. This seems
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010. 40 Uink6ping UniversitY,S-58l 83 Link~ping,SWEDEN. b)Dept. of
METALORGANIC MAGNETRON SPUTTER DEPOSITON (MOMS) Electrical and Computer EngineeringUniversity of California, Santa
OF lnLG&, Sb ON (100)GaAs. R.Rousina, J.P.Noad* and Barbara, California 93106. USA.
J.B .Webb, Laboratory for Microstructural Sciences, Div.of Physics, Radiative recombination aod decay time measurements of the two
National Research Council Canada, 100 Sussex Dr.,Ottawa. KIA dimens~ioa elcto g ina GsAs-AlGaAs beterojunction (dhe so called
0R16. H-band) has been studied under transverse electric fel perturbation in

Thi wrkreors orthefisttieth eltaia gowh f n5 a1 specl optmzdsrcue prepared by molecular beam epitaxy. The
Thiswor reort fo th fist imetheopiaxil gowt oflnxal-heterointerface was created between 50 nm undoped GaAs and 8 am of

,Sb on (100)GaAs by Metalorganic Magnetron Sputtering. undoped Alojs5aO0dS5s followed by 70 aim Si-doped Al~~o.5s
Epilayers with thicknesses of 1-3 uim were deposited by Both positive and negative gate voltages have been applied to die GaAs-
magnetron sputtering a solid antimony target in a reactive AlG~aAs interface, and shifts of the H-band energy position depending on
atmosphere of trimethyfindiumn (TMI). trimethylgalliumn (TMG) and tegt otg r nue ytecrepnigcagsi h eeo
an argon carrier gas. High quality "mirror-like" films could be nefc DptnilFrdfeen t ot~steectto oe
deposited on GaAs over the entire compositional range despite dpnec fteHbn nr oiini ut iiasneol h
the large lattice mismatch between film and substrate (14.6% forloetDsuadiscupdinhseamesItsde ntredhta
lnSb and 7.8% for GaSb). Alt films were deposited under antimony tases lcrcfedalw ipewyt oiydei
stablilsed conditions. Growth temperatures of 400 - 500C andheentraepttisohtdtildpcucpyanbdneote
TMG/(TMI + TMG) flux ratios of 0 - 1 were investigated to phm mni httegate voltpca inCreaetelmnecneoh
determine the growth conditions for optimal surface morphology active Sn-Ge layer. Ibis indicates that the electric field makes the
and crystallinity of the InGaSb layers. The composition of these '3b" recombination mom dominant by changing the potential. To obtain
la%,r- ,s was found to be directly related to the TMGI(TMG +TMI) informiation about the dynamical behaviour of the interface recombination
flux ratio at constant growth temperature. Growth rates of 1 jpm/hr we have performed both timeresolved spectral measurements and time
for the GaSb and 2.8 jim/hr for the lnSb were observed. The decay measurements with and without an applied electric field. The decay
crystal quality was evaluated using x-ray diffraction and electron time has been measured at different energy positions in the broad H-band
channe!ing and the composition by EDX and SIMS. The results of luminescence, and is found to have a non-exponential decay with values of
these studies are will be discussed in deal decay time vaying froim a few as at high energies t hundreds of as in the

lower energy region.
+Advanced Devices and Reliability Directorate, Communications
Research Centre, Ottawa, Canada K2H 8S2. 010.43

HOT..CARRIER EFFECTS ON OPTICAL PROPERTIES OF
010.4 1 GaAs/AlaGal~xAs QUANTUM WELLS. W'LM. Chen. B. Monemar, P.O.

OF G~s/n~a~ AN AI~~s/ Holtz, Department of Physics and Measurement Technology, LInkdping
CRITICAL THICKNESS OFG~/nisA DA~~/ University, S-581 83 Linkoping, SWEDEN; and M. Sundauam, J.L Metz
GuAsP QUANTUM WELLS GROWN BY ORGANOMETAL- and A.C. Gossard, Department of Electrical and Computer Engineering,
LIC CHEMICAL VAPOR DEPOSITION Dan Bertolet, lung- Universt yof California, Santa Barbra. California 93 106 USA.
Kuei l1su, and Kei May Lau, University of Massachusetts, Department
of E.C.E., Amherst, MA 01003; and Emil S. Koteles, GTE Laboratories Inti aerw eota tdVfIo-lco fecso pialpoeteof GaAs/Al 2GaizAs quantum wells, by photoluminescence (PL) in
Inc., lValtham, MA 02254 presence of an external magnetic field and a microwave (MWM field. Both

single quantum wells (SQWs) and multiple quantum wells (MQWs),
We present a study of strained GaAs/no.s1 Gao.89As and AI0.3sGao.esAs/ pown by moilecular beam epitaxy (MBE) with modulated doig, were
GaAso.&2P 0 .19 single quantum wells (QW) with thicknesses exceeding studied in this work A profound enhancement of the free excitoa (FE)
the critical thickness (h.) for misfit dislocation formation predicted by emission from both SQWs and MQWs is observed with MW irradiation.
the force-balance model. The In0,iiGa0.a.As QWV layers are subjected to Tis is attributed to effects of hot-electrons, which are cycioton resonance

to te Gaso.5 P0 .5 QW ayer, ~ accelerated in the MW electric field, as evident from the characteristic
biaialcovprssw, a oposd dpedence on astatic magnetic field.LThe mechanism responsible for the

are under iaxial tension. Samples were grown by atmospheric pressure giant enhancemenit in PL emission intensity of the QWs in the presence of
OMCVD on (100) 2* - (110) oriented GaAs substrates, and character- hot-carriers is studied in detail, and is discussed in tetms of the following
ized by photoluminescence (PL), photoluminescence excitation (PLE) two main contributions. Firs of al* lonfration of excitoas (P5:s or
and optical microscopy. For both material systems, as the strained QW excitons bound at shallow impurities (E:s)) and/or of shallow Impurities
layer thickness (L,) increased beyond hc, the typical crosshatch surface in the AIxGa 1 1%As energy barriers is readily realizable with the

.. ~ophoogy as bsevedindcatng te pesene o mifit islca- experimental conditions, as can be directly seen by a strong quenching of
_orphologyP pe bsre, niaptions did prsnceot sit iyas luminescence from the barrier. Thlis process blocks, at least partly, the

tions. However, the QW Ppekpstosddnthitneeryas shunt pass of the photoexcited free carrier in the barrier so that they are
would be expected if the material was relaxed to some extent. In the mainly accommodad in the GaAs enorgy well. Secondly, lan increase of
GaASO.82 Po1i QW's, the strain- dependent energy separation between free electron tmeaueTo in the binriers may result in an increase in the
light- and heavy-holes was measured by PLE, and did not decrease diffusion intthwe, and consequently enane the number of the
for samples over the critical thickness, again implying no loss of strain. eowitonfs in the weIl The direct role of die external perturbations (magnetic
The PL intensity from a GaAs/In*.u1Gac.sAs QW with L, = 2xh, was field and MW) on the exciton formation Anduumematoin the Well (via
reduced by more than two orders of magnitude, presumably caused by Mdfyin* the electronic energy and wavefunction of the P ios is ls
dislocations acting as non-radiative recombination centers. The PL, in- Studied va resonantoptcal exctation of the exctan.
tensity from a Alo0 3sGa9.6sAs/GaAs*.s2Po.s sample with L, = 2xh, D04
however, was not reduced. To test the stability of the samples, they 004
were annealed at 850*C in an AsH3 ambient for ten minutes. None APPLICATION OF AN ULTRAHIGH RESOLUTION

of the PL spectra changed significantly, indicating that these strained SPECTROMETER TO THE ANALYSIS OF PHONONS AND
PHOTONS IN SOLIDS. J L Stable, P Evrard, SOPRA,

QW structures are temperature stable up to 85O'C. 26/68 rue Pierre Joigneaux, 92270 Bois-Colombes,
FRANCE. L C Hammond, J N Willis, ARIES/QEI, 5A1

010.42 Damonmill square, Concord MA 01742, USA.

OPTICAL SPECTROSCOPY OF 2D ELECTRONS A new, powerful double spectrometer, in double
CONFINED AT A GaAGaAs HEIEROINTERFACE IN A pass (ONOP), has been designed for the analysis of
TRANSVERSE ELECTRIC FIELD. QJZ e-.egaA transparent vitreous materials. intensity and
B.Moftmara). ._Oi~dtzasb), C HgWin). ?OSundrm) j.Limefbi position of longitudinal and transverse Drillouin

and A.C.Gogssadb). a)Deg. of ptysc ad Measurement Tecnlogy, modes can be analyzed, with a resolution of 0.03
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cm"I . Throughput and stray-light rejection exceed processing temperatures, and provides an indication of the
those of a Fabry-Perot with an equivalent resolu- quality of the NEI.
tion.

In addition to strong, sharp features arising from the GaAs
In a single scan, it is possible to analyze low substrate and the superlattice buffer. the BER data shows
frequency Raman and Brillouin lines, on the Stokes important characteristics of the AlGaka layer which are
and anti-Stokes sides, from 0.1 to 2000 cm- 1 . With unavailable from the PL. The latter include the presence of
a slit width of 1mm, sample alignment and incident Fronz-Keldysh oscillations, from which the crystal quality.
power density are no longer critical. An inten- composition, and electric field strength within the AIGsAs
sity of 10 photons/stcond is easily achieved with can be assessed. Specifically, when the growth temperatures
a resolution of I m- .  The spectral range of 0.2 are excessive, the disappearance of the Franz.Keldysh

oscillations is associated with outdiffusion of In from the
to 1.5 microns covers the interesting resonance strained layer, and consequent deterioration of active
zones for semiconductors, superconductors and su- device performance.
perlattices.

The monochromator can also be used in D10.47
photoluminescence and time-resolved fluorescence. A NEW OXYGEN PLASMA SOURCE FOR "IN-SITU" GROWTH OF YBaCuO
By using a CCD detector, imaging of samples can be MOLECULAR BEAM EPITAXY LAYERS. M.TOUZEAU*, D.PArNON*,
achieved for one vibrational band. Some Brillouin P.LUZEAU", A.BARSKI, A.SCHUHL", R. CABANEL", S. KOCH", J.p.
and low frequency Raman applications will be dis- HifTZ" and G.CREUSET"
cussed and spectra of germanium, silicon and su-
perlattices will be presented. * Lab. de Pbys des Plasmas, Paris XI, 91405 Orsay C6dex France

ISA RIBER, 133-137 d National 92503 Rueil Malmaison France
DI0.45 " Thomson CSF, Domaine de Corbeville 91404 Orsay Cidex France

EFFECT OF ANNEALING ON STRAINED InGaAs/GaAs
QUANTUM WELLS Emil S. Koteles, B. Elman, P. Melman, and We present an oxygen introduction cell used for in-situ
C.A. Armiento, GTE Laboratories Inc.. Waltham, MA 02254 growth of epitaxial thin films of High Tc

superconductors in a MBE system. Since such a machine is

The ability to modify the optical properties of epitaxial not compatible with high pressure, active oxygen is
needed in order to obtain good oxydation of the cations.

semiconductor heterostructures in a spatially selective manner has Atomic oxygen is produced using a DC plasma source
many potential device applications. We have investigated the effects located in the growtb chamber. A quartz tube with a
of shallow ion implantation and rapid thermal annealing (RTA) on U-foru contains oxygen gas at a pressure between 30 and
strained lnGaAs/GaAs quantum wells (OW) as a means of achieving 300 Pascal. The electrodes made in platinium are distant

of 12 ca. We typically used a DC current in the plasmathis goal. of the order of 25 mA.
The samples consisted of MBE grown single quantum wells and ion The design of this cell is specially concieved for the

safety of the MBE system. In the plasma, the atomic
beam irradiation was performed using 7SAs ions with energies low oxygen concentration, deduced from optical absorption
enough (35 keV) that the disordered regions were well separated measurements, lies between 5 and 10 depending on the
spatially from the QWs. RTA was performed at 7500 to 8500 C for experimental conditions.
15 seconds. 'Low temperature photoluminescence (PL) and PL The outcoming oxygen rate Is between 5x1 1and 5x1018

molecules per 6 second which gives, on the sample a flux
excitation spectroscopies were used to monitor eacitonhc energies. higher to 10 at / sec.cm 2 in the best experimental
After RTA. exciton energies shifted significantly to higher values only conditions.
in the implanted regions. The magnitudes of the shifts were We have produced superconducting films of DyBaCuO
'tependent on OW widths, indium compositions in the wells, and directly in the growth chamber using this cell.
implantation fluences. They were interprcted as resulting from the
modification of the shapes of the as-grown QWs from square (abrupt D10.48
interfaces) to rounded (gradual interfaces) due to enhanced In GROWTH AND CHARACTERIZATION OF a-Ge Sn.
diffusion out of the well layers in irradiated areas as a consequence of HETEROEPITAXIAL ALLOYS ON (001) lnSb. E.A. FitzgerW P9.
the diffusion of vacancies generated near the surface by the Freeand, M.T. Alae. W. Lowe. R. MacHame, Jr., A.R. Kortan. F.A. Thic).
implantation. This technique promises simultaneous patterning, L. Cooper, G.A. Thomas. VLA. Jackson. B.E. Weir. and LC. Kimerling.
intdrdiffusion and modification of optical and electronic properties of AT&T Bell Laboratories, Murray Hill. NJ 07974.
quantum well materials, annealing of implantation induced defects w e vegrown ME .Ge .Snt x (cx<0.16) alloys on (002) lnSb despiteh
and activation of dopants when electrically active ions are used for eany complte immiscioity of Ge and Sn. a-Ge Sol alloys were
implantation. stabilized due to a relatively close lattice match with the ib.

D10.46 We observe three stae of growth with reflecton high energy, eletr
dilfaction (RHEED). The growth commenses two-diensionally. and a

CHAACTUIZATI OF HODffLATIT DOED PSBY E DOOPHC grad shift to threedlimenso al growth with thickness i observed. Upon
LgC"RORGFLC aNCE AN SlOUMISCEC KY . N a. . ontnued grt twining ocman ant! 1ially phase separtion. Generally, for

D. Ward, Charles Evans & Associates, Redwood City, CA. K alloys with 0<x0.14, the tMinn stage occurs berwe 1200A and 2000.
Kopf, S. J. Fearton, AY&T Bell Laboratories, Murray Mill, For 0.13<x<0.16, only 100A is grown before the twinning phase is reached.
NJ; and K. D. Jones, Sandia National Laboratories.
Albuquerque, XM. Double and tdple cystal x-ray results show that totally maned (up to

e-0.64%), a-Ge Sn, is stabilized with x<=0.06. A mixture of "-Sn and c-tie lhav, investigated the optical transitions present in Mi.B1 GexSn- is Obsevi- for x>O.OS In contrast t the RH reuls which
grown modulation doped pseudomorphic Al Ga As/InGaAs/ X- ifx t-heHM riprwhic.

GaAs EIK" structures of 120A InGaA* thickness, y valuses -. 10
to 0.20. and x values 0.20 to 0.30. From both 300K 3EER and
4K PL measurements we observe transitions from the IneAs Hall effect and reflectivity measremems indicate that ft r~r 0 com 'lrtion
strained quantum well layer. The intensity and lineshape of increases with x, with a maximum of appoximateli 10" cm at x=0.0. The
the InGsks transition in both optical spectra is affected by carrier mobility (TmS.K) decreases to <l000 n /V-c in this composition
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range. These transport reult suggest an increasing overlap of the conducion plays a subsidiary role to symmetry in determining
and valence bands and senimetallic behavior. the optical properties. First principles

theoretical studies of theme new materials have

In-st and ex-saw stability measurements w alo peford. 1200A tck provided an important base of understanding of how
films with M04<=x<=0.13 were stable to 120130'C. A thermodynamic modl properties of the constituent bulk semiconductors
is derived which folows the experimanal trends of stability as a function of can be used to predict the electronic structure of
film thcnss, tmperstur, and Ge conoeasion these superlattices.

D10.49 ABSTRACT WITHDRAWN D11.2

STRAIN-INUCED PHOTOLMINESCENCE IN Si/Ge SUPERLATTICES.

G.F.A. van de alle, E.A. Montie. D.J. Gravesteijn and
A.A. van Gorkum, Philips Research Laboratories Eindhoven,
The Netherlands

The luminescence of short period Si/Ge superlattices has
been studied as a function of superlattice period, comn-
position and strain. The superlattices were grown by MBE
on a SiGe buffer layer, with constant or graded Ge fric-
tion, deposited on 4' and 6' substrates. During part of
the deposition process the substrate rotation was stopped,
causing a systematic variation in superlattice period
(30%) and in relative mismatch between superlattice and
buffer (0 < a/a < 0.013).

Rutherford backscattering spectrometry (RBS) was used to
analyse the composition and crystallinity of the samples.
The superlattice period and the strain in both superlat-
tice and buffer layer was obtained from X-ray diffractro-
metry (XRD). Transmission electron microscopy (TEN) was
used to assess the morphology of the layers, while Reman
scattering was used to characterize the interface sharp-
ness. Photoluminmescence (PL) bands are observed around
0.8 @V for several samples of differing composition. The
signal is. only present in those samples in which the
suporlattice has an average perpendicular lattice constant
different from that in the buffer. As there are no indica-
tions of resulting misfit dislocations from TElN. the
luminescence is concluded to be strain-induced. Further-
more, the signal disappears when the superlattice is
removed from the buffer layer by etching, indicating that
the luminescence originates from the superlattice.

Dl. 3

PHOTOLUNIINESCENCE EXCITATION SPECTROSCOPY OF
STRAINED InGaAs/GaAs QUANTUM WELLS Emil S. Koteles,
D. Owens, B. Elman, and P. Melman, GTE Laboratories Inc.,
Waltham, MA 02254 and D. Benolet and Kei May Lau, The
University of Massachusetts, Amherst, MA 01003

There has been much interest lately in compound semiconductor
D1l.1 quantum wells (QW) subjected to biaxial strain due to lattice

STRAIN AND STRUCTURALLY INDUCED OPTICAL mismatch between the barrier and well layers. The addition of strain
TRANSITIONS IN EPITAXIAL SEMICONDUCTORS. Thomas in the well layers of such pseudomorphic (lattice matched but
P. Pearsall, ATT Bell Laboratories, Murray Hill, strained) QWs modifies confined energy levels and is a useful
New Jersey, 07974 additional parameter in the design of devices. The characterization

Strained-layer epitaxy can be used to introduce of such structures is complicated by the addition of strain which
internal levels of compressive or tensile strain affects conduction, light-, and heavy-hole valence bands differently.
on the order of several percent. This is large This also leads to questions concerning the band offsets in these
enough to shift some conduction and valence band heterostructures. Calculations indicate that the heavv-hole exciton
energy levels in commonly used semiconductors by
as much as 500meV. By changing the symmetry of (commonly measured using photoluminescence (PL) spectroscopy) is
the crystal, the strain also causes mixing of much less sensitive to such concerns than the light-hole transition.
these energy levels, which in turn changes the Therefore, we have measured the PL excitation spectra of a series of
optical transition matrix element. The importance In0 ,Ga0.,As/GaAs QWs, grown by MOCVD and MBE, with nominal
of this effect depends both on the magnitude of the
strain and the relative orientation of the widths ranging from 1.1 to 36 run. We have observed peak and
strain field relative to the crystalline axes of bandedge-like structure at energies much above the heavy-hole
the material. exciton energy which we attribute to the ground state of the light-hole

Yield strength of most semiconductors limits the exciton. As expected the energy of the light-hole exciton is very

symmetry changes to distortions of a few percent. sensitive to the band offset and the difference between the light-hole
However, grown-in transformations of the symmetry and heavy-hole exciton energies for wide wells is an accurate and
by creating artificial crystal structures can be independent measure of the strain in the well layer.
used to redefine the allowed set of electronic
wavefunctions producing dramatic changes in the
electronic energy spectrum. This is Wavefunction
Engineering, examples of which have now been
demonstrated in III-V and group IV materials.
In such artificially structured materials, strain
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D11. 4 PR. In Contrast, the transition fhow the pround sub-band from the CB to the
CHARACTERIZATION OF INGAAS/GAAS STRAINED SL LH dominates the PL The PL intensity drop dramatically as the direc r
BY X-RAY DOUBLE CRYSTAL DIFFRACTION AND CB crosses the L CRI at -I0kflars but the PR intensity does not. HoweverMODULATE PHMRBFLECTION SPECTRA.* L. S. Jju a la ropi e pnsiyo is bsed athe XpCuicrse ecsb
Y.* T. Wang ;Z.* Q.* Wu ; .L. .Zhwanhf band energ. The piessure coeffiint (at) get progressively smaller for te
C University of Science and Technology of h~ u-adtastos eea optn fet uha pressureChina, P. R. China; ** Institute of indued cms gsinnthe electrnefcie ose ~einkRydgth
Semiconductors, Chinese Academy of Science, P. Mc aaeesaditraeefcsIdt h aito foR. China.

H.R.C. was supported by a grant from the U.S.Department of Energy
With the ineaticl teorymodl we didunder prant no. DE-AC02-84ER45048 and K.C was supported by the

computer simulation of the X-ray double SryudrcnatnoDAL38-M.
crystal diffraction of In~aAa/OaAs MQV. FromD1.
the diffraction angle of the satellites One
got period of HQW( Lz+LA ) and from the CHIARACTERIZATION OF UNOOPED PSEUDOKtORPIC InGa&s/Ge~s

QUANT WE~lS By ELECTRON BEAM ELECTROREFLECTANCE (EBER)relative intensity In/In~i one got La/la. The AND PIIOTOLUNESCENCE (FL). m. H.jaman, I. D. Ward.obtained results Liz and LA are consistent with Charles Rvans & Associates, Redwood City, CA; and A.
the experimental value from photoreflection Dodabalapur, A. C. Streetman, The University of Texas.
and photoluminscence spectra. Austin, T2.

We have investigated the interband optical transitionsDl. .5 within undoped psudomorPhic In Ga Ax/Gams quantum veils of
OPTIAL HARCTEIZATON F G~sPSTRINEDLAYRS ROW ON a range of thickness from soA to iilok. and y values 0.1 to(1OPCLRIENTE LTO Ga Gaj. sP STAINED MAR GRO AN 0.2. From pL, we identify the lowest interband transitions.(11).OIENED ap.Mat-Erk Psto Maia erlngAndrs Electron bae electroreflectance (EBER) modulation

Gustafsson, ~ ~ ~ ~ ~ ~ ~ ~ a GetPuso.Lr auloadHizTte pectroscopy is utilized to detect the lowest and the higherUniversity ot Lunid, Department of Solid State Physics. P. 0. Box 118 energy interband transitions within the quantum vells. tieS-221 00 Lund, SWEDEN. cospare the measured interband energies to those calculated

Strained layers of Ill-V semiconductors grown on (11 1)-oriented tertcly
substrates are of considerable interest due to the piezoelectric field D1.expected to be present. The strain situation is different from similar Di.
structures grown on (100)-oriented substrates and no splitting of RAMtAN CHARACTERIZATION OF InSb/GaAs GROWN BYthe X conduction band is expected for the (1 11) case. The Critical METALORGANIC MAGNETRON SPUTTERING. Z.Cthickness of (1 11)-grown samples Is expected to be different from Fene and S. Perkowitz, Physics Department,samples grown on (100) substrates. We have grown thin strained Emory University, Atlanta, GA 30322; T. S.layers of indirect bandgap GaAsP on (111)-oriented GaP with Rao and J. B. Webb, Laboratory fordifferent compositions and thicknesses. These structures have been Microstructural Science, National Researchcharacterized by photoluminescence, electroreflectance and Council, Ottawa KlA 0R6, Canada.wavelength-resolved cathodoluminescence, all at low temperature.
as well as secondary ion mass spectroopy. The photoluminescence Despite the large (14%) lattice mismatchemission involving transitions from the X conduction band to the between InSb and GaAs, high quality films ofvalence band is strong and often persisting to room temperature. The InSb, with various thicknesses of 0.17 - 2.67strain shifl of the X conduction band as a function of composition has microns, have been deposited on (100) GaAsbeen followed. Electroreflectanoe shows transitions involving substrates using metalorganic magnetronresonant quanised states in the quantum well formed from the r band. sputtering (MOMS). The MOMS-grown layers haveThe energy of the states in the resonant r band well can, hence, also been studied by Raman and resonance Ramanbe traced as a function of composition and strain of the layers. These scattering at 50 - 300K, performed in theshifts of the different band edges are compared with calculations. near-backacattering geometry with an Ar 4 ionCathodoluminescence studies, detecting the emission from the layer, laser. The Raman spectra for the InSb/GaLAsreveal the onset of dislocation formation at the critical thickness and layers show a narrow (about 4 cm-1 ) LO lineis shown to be a sensitive method to measure very low densities of and obey the expected selection rules,disiocations where the separation of the dislocation lines Is greater indicating the films to be of highthan 20 mm. A comparison of dislocation generation is made of GaAsP crystalline quality with (100) orientation.layers grown on (III)-, and (100)-oriented substrates. An initial increase in the compressive stress

appears to be related to a combination of 3-
dimension island growth kinetics and theD11.6 thermal expansion differences of the InSb and

HIGH PRESSURE OPTICAL STUDIES OF GaSb-AISb GaAs. A relaxation of this stress is observed
MULTIPLE QUANTUM WELLS. Benjamin Rockwell. H.R. in thicker films.

University of Missouri - Columbia.Columbia.MO 65211; Eked H. Pollak D11.9
and H.Sben Physics Department. Brooklyn College of CIJNY, Brooklyn, ELECTRIC FIELD EFFECTS ON THE OPTICAL PROPERTIES OFN.Y. 11210; L.L.Chang. W.I.Wang and LI saki, IBM Thomas J.Watson InGaAs/GaAs STRAINED QUANTUM WELLS AND SUPERLAlTICES.
Research CenterYosktown Heigjit&,N.Y. 10598-0218 K.Gib C. Lacelle and A.P. Roth, LIMS, NRC, Ottawa, Canada;

B. Soucail, N. Dupuis and P. Voisin, GPS, ENS, Paris, France;Photoreflctaance (PR) and Pbotrolunescence (PL) studies of(Gadb-AISb B.V. Huar and E. Fortin, University of Ottawa, Ottawa, Canada.multiple quantum well structures nder hydrostatic pas at ciyogoni
temprures =S pxseted. Due to the lattice mismaith between the CGaSb Strained muitiple quantum wells (SMOW) and supertattices (SLS)and AISb layers, the light ali) and heavy (HH0hole valence bands split of In,,Ga1 As/GaAs have been studied using Photoluminescenceleading to a light hole derived pound stt for the murltiple Quantum Well Excitation (PLE) and Photocurrent (PC) spectroscopy. Applying a(MQW) mtnctwe. A IMP nube of .xioctadn h longitudinal electric field in SMOW structures (is with wide barriersconduction sub-bmndsCB) to the LH and HH sub-bands US observedmi (>20 nm)), produces a red shif of the exciton due to the quantum
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confined Stark effect. In contrast, in SLS structures (ie with narrow buffer at 850 K, with a rate of 0.1 pm/h up to
barriers (< 1iOnm)), the electric field decouples the wells and a blue thicknesses of 4 jam.
shift of the absorption edge is expected. The infrared active phonon of GaAs can be obser-ved already on the thin buffer layers. A harmo-

nic oscillator and Drude fitting procedure isWe have studied several samples with various well and barrier used to determine layer thickness, carrier con-
width at zero field using PLE and as a function of applied bias in centration and damping constant. The latter
a Schottky diode configuration using PC. Optical transitions correlates well with the layer quality as de-
involving both confined and unconfined states are observed and in termined from spectroscopic ell ipsometry data
SLS structures the first electron miniband width can be directly and Raman scattering spectra.
measured. Transitions between confined electrons and heavy holes
(type I) behave as expected under applied electric field, whereas D12.1
the situation is more complex for transitions involving unconfined RANAN SCATTERING FROM AN INTERFACIAL THIN LAYER OF
heavy holos or light holes (type II). GaAs HETEROEPITAXIALLY GROWN ON SILICON SUBSTRATE.

voshiro Akagi, Mariko Ishino, Yoshiharu Nakajima,
Sharp Corporation, Corporate R&D Group, Tenri,Present Address : Beijing Polytechnic University, Beijing, China. ara, 632 JAPAN

DI. sHteroepitaxial GaAs grown on silicon substrate
10 attracting recent interest, however, suffers

RAMAN STUDY OF HOMBE AND PLASMA-MOVPE GROWN several difficulties:(1)high dislocation density
III-V LAYERS ON Sil100). J.Geurts, J.Finders (-106c3- ) due to large lattice mismatch(4)
I.Phys. Inst. RUTH Aachen (F.R.G.) N.M~nder, between GaAs and Si, (2)residual stress in GaAsI.Kamp, l.Oehlers, H.Lth, ISI, KFA Jlich originating from the difference in thermal(.R.G.) M.Musolf, .Liber, A.raeSI, .We Jfiexpansion coefficients between them, (3)antiphase(F.R.G.) J.Musolf, 4.Leiber, A.Brauers, X.Veyers domain(APD). Considerable efforts have been madeP.Balk, Inst. Semicond. Electronics, RUTH to suppress these problem and several techniques
Aachen, (F.R.G.) have been found to be successful. In addition, We

investigated interfacial thin layer of GaAs(100nm-
We characterized MONDE and NOVPE GaAs layers on 300nn) by using Reman scattering and photo-
Si(100), grown by a two step method (buffer and luminesconce(PL) to chracterize an interface.
epi-layer). In MOVME the buffer growth was plas- Specimen of nondoped GaAs(2pm) was directly grown
ma stimulated. As group III source either THG or on Si(100) with 2 degree off towards (011> by two-
TEG was used. Further, we investigated plasma- step NOCVD. Layer of GaAs was chemically etched by
HOVPE InP layers on top of GaAs layers on Si. NN,ON,-HOa until an interface become observable.

The crystalline quality was determined by Raman In GaAs layer less than 300na, broad scattering
scattering from the IlI-V phonons, using the in- centered around 700cm-' and TO-like phonon were
tensity of the sylmmetry forbidden TO phonon and observed as well as LO phonon spectrum which istensith of the allwed forbiddO phonon ad only allowed in our scattering geometry. Abovethe width of the allowed LO phonon an a measure 300nm in thickness of GaAs layer, both of thesefor non-ideality. Our results are consistent spectra slightly shifted and disappeared,
with double crystal x-ray diffraction (DCXD) approaching to a spectrum observed for a bulk
linewidths. Besides, we observe characteristic material. PL spectra of these interfacial GaAs
spectra from disturbed regions like buffer layer shifted towards higher energy which shows an
layers, which give no DCXD peaks. Thereby, we elevation of quasi-Fermi level. These experimental
can visualize the transition from buffer to api- results can be explained by n-carrier generation
layer. The depth resolution is obtained by vary- of 10'1cm'3 only within interfacial GaAs layer
ing the light penetration depth, using different less than 300nm because of auto-doping of Si atoms
laser lines. For appropriate epilayer thickness, from substrate during growth near 700t.
the TO/LO ratio increases by a factor 2 when the
penetration depth is changed from .07 im to D12.2
0.31 um, reflecting the worse buffer quality.

STRESS EVALUATION METHOD IIG KANA SPECT(OCOPY. Yohko Ihshimoto
InP layers were studied with lateral resolution ]ON Jam. Ltd.(Ysu Site). Ynsu, Shae, Japan.
by Raaan-microprobe. They show well defined iot
peaks, which however have a distinct spectral
splitting and local inhoogeneities. Recently local stress massuressnt/evaluation sethod is considered

to be very important to evaluate electrical property of semi-
Dli.11 conductor. Rasan spectroescopic method has been established for
MBE GROWN GaAs OV Si(lO0) STUDIED BY INFRARED evaluation of the local stresses with I micrometer in diameter.
SPECTROSCOPY, Thomas Eickhoff, l.Phys. Inst.
RWTH Aachen,PR Germany, Dietrich R.T. Zahn and The measurement problem caused by equipment itself was solved by
Woifganq Richter, Inst. Festkorperphysik, TV the followins.
Berlin, FR Germany. David A.Woolf, David I.West-
wood and Robin H. Wil liams, Physics Dept. U of - Ar Plasm line was utilized to calibrate save number.
Wales college of Cardiff, UK - Data was fitted with Gs8sanl and Lorentz distribution to

GaAs layers were deposited onto Si (100) sub- determine the Pak top accurately.
strates using molecular beam epitaxy. The growth
parameters varied were: (i) substrate misorien- This method with introduction of m certain asesuption can be
tation, (ii) substrate preparation by using
different etching procedures, and (iii) buffer applied to the stress measurmet not only for Silicon single
layer growth conditions (deposition rates from
0.1 to 1.0 um/h and growth temperature from 550
to 650 K). Infrared reflectivity spectra were
taken in the range from 50 to 500 cmf1 on the
0.lum thick buffer layers am well as on the
active layers which were grown on top of the
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crystal like trench structure, but also for laminated thin layers D12.5
like silicon oaids or silicon nitride on silicon. MODULATION SPECTROSCOPY OF LAYERED STRUC-

TURES. Orest J. Glembocki, Naval Research Laboratory, Code 6833,
In this pow. wasrest and dat oessing mthods are Washington DC 20375.

described and also application results to the thin layer of Layered semiconductor structures have been of fundamental andapplied interest for over a decade. The ability to grow high qualitysemieondator and packuing plastic estrial we reported. layers that exhibit novel electronic and optical properties has been
made possible by the development of growth techniques such as

Di2.3 molecular beam epitaxy and chemical vapor deposition. This success
is pssible because of the close the interaction between the growth

ELECTRICAL AND OPTICAL CHARACTERIZATION OF InSb GROWN efon and te materials characterization.
ON GaAs BY MBE Phelli Thomnson, James Waterman, D.
Kurt Gaskill, Robert Stahlbush, and John Davis. Code 6823, Photoreflectance and electroreflectance are two optical modulation
Naval Research Laboratory. Washington, DC 20375-5000 techniques, which have proven to be useful in the study of layered

structures. Modulation techniques exploit a periodic variation in some
InSb has been grown on semi-insulating GaAs substrates by property of the sample to obtain derivitive-fike optical spectra, which
molecular beam epitaxy. By growing an InSb buffer Jayer at have enhanced sensitivity to weak transitions, which may otherwise be
300*C prior to the main lnSb layer growth at 420*C, the effect difficult to observe. Because the reflectivity is commonly measured,
of the 14% lattice mismatch between GaAs and InSb was modulation techniques can be used over a wide spectral range, nor-
minimized. A typical 5 ttm InSb film had a room temperature mally not accessible to luminescence or absorption. Furthermore,
carrier concentration and electron Hall mobility of modulation spectra contain information in the spectral position of a
2xl0 1 6 /cm 3 and 6x104 cm2 /Vs, respectively. At 770K the n given line and in it's line shape. These facts have been important in
values became 2x101 5 /cm 3 and 1.lzl0 cm2 /Vsu For a 10 pm th tuy of quantum wels and superlatices. Spectrally, modulation

valus bcame2xl15/m3 ad llxl0 em/Vs For• 1 pmtechniques have allowed for room temperature determinations of the
film the 770K mobility was 1.5x105 cm2 /Vs. Temperature well and barrier parameters, n ing well widths, barrier heights anddependent Hall measurements revealed a peak in the mobility barrier thicknesses. The form of the line shapes in modulation spec-at 85"K and 70K for the 5 and 10 pm samples, respectively. troscopy ontains information about the effects of the applied modula-
Optical characterization by room temperature IR tion. The phase of the line shape and its dependence on the frequencytransmission spectroscopy showed a brad absorption edge, of modulation have been used to study the effects of the applied per-
with an absorption coefficient of 1.4xl0 3 /cm at a wavelength turbation. In particular effects of light on NIPI structures, electricof 6 pm. Epilayer thickness was deterbined from observed fields in coupled wells and light effects on impurities have been stu-
interference fringes and corresponded to the calculated died.
epitaxial layer thickness. Capacitance-voltage measurements
using MIS capacitors and Schottky diodes produced 770K Finally, it will be shown that a comparison of several techniques, such
carrier concentrations in agreement with the Hall as PR and piezomodulation can provide even more detailed informa-
measurements. Carrier lifetimes were determined by tion about the sample of interest.
photoconductive response and capacitance transient
measurements. Lifetimes of 20 ns and 50 os were determined
for the 5 and 10 im films, respectively. For comparison, the D12 .6
carrier lifetime in bulk n-type tnSb was found, to be 200 ts.

QUANTUM WELL, BY VARIABLE ANGLE SPECTROSCOPIC012.4 ELLIpSOt:ETRY.* Craie . i er snder, Paul o. Snyder. and
INDEX OF REFRACTION ANyISOTROPY IN MISMATCHED John A. Woollam, University of Nebraska, Lincoln, N e

InGaAs/InP HETEROSTRUCTUJRES MEASURED BY ELLIP- 68588-0511.
SOMETRY. Brian R. Bentt. and Jesus A. delAlamo, Mass. Inst. of Tech., Cambridge, MA. Variable angle spectroscopic ellipsometry (VASE) was used

to characterize a 20 period oaAm-Al Ga bAe sultipleWe have applied ellipsometry to characterize quantum well (Q) structure, grownby'mlecular beam

InxGa1l..AS grown by molecular beam epitaxy on epitaxy. The barriers were nominally 200 Al C5 a As(001) InP. The epitaxial layer thicknes varied and the well regions were gron to approximate a ,narirls
from 0.3 to 1.1 m and x ranged from 0.46 to graded comosition, from x-0 to x-0.25, ith total well
0.61. The index of refraction, n, of the width 200 X. A strong Hcal-rl excitonic transition was
epilayers was measured by ellipsometry at observed at 1.53 eV, with the weaker iI-CB transition
0.633pmn as a function of e, the azimuth angle. near 1.54 eV. These are consiaten with a multiband
We found that for mismatched samples (I,l2e o-j n effective m-as theory calculation. A small, narrow
is a strong function of *, reaching a maximum feature was also observed at the Al~sAs bandgap energy
when the incident beam is parallel to the [il0] (E_), which we ascribe to a weak Franz-Keldysh effect indirection and a minimum for orthogonal direc- th barriers.

tions. Variations of n with * are often as
large as 0.1, far exceeding changes typically VASE data were analyzed using a model which explicitly
produced by electric fields or free carriers, included the full NQW structure, with gradd wells. Bulkoptical constants were used. This model could fit the data
Our results can be explained by piezo-optical quantitatively over t~he photon energy range above E , and(photoelstic) effects. The lattice-constant qualitatively below N . In a second model, the entire QWmismatch between the substrate and epitaxial was treaHd as a sing~s layer, and its optical constants

layer results in a strained epitaxial layer. obtained in the exciton region. A third model was used toThe epitaxial layers are thicker than the solve for the optical constants within the wells. The
critical layer thickness, suggesting the relative merits of these models will be discussed.
presence of misfit dislocations. These disloca- 1e a 20 iajA, Va sietions partially relieve strain and are known to 1.95 (7.K.
form more readily in the [110] direction than in The b r en7l.
the orthogonal IT' 01 direction, resulting in a tor supporediyn s grnt itAG-3-154.anisotropic strain and refractive index. The gradek supportd by NAS t -5 .
existence of misfit dislocations in the samples
exhibitig optical anisotropy is confirmed by
measurements of large double-crystal x-ray n.Dh
values and lattice constant mismatch parallel to
the interface.
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D12.7 D12.9

PSOTORELECTANE OF A Ga.*nGaP(ORDERED) SINGLE QUANTUM MAGNETO-OPTICAL STUDIES OF GaAs-AlGaAs MODULATION
WELL GROWN BY ATOMIC LAYER EPITAXY. X.Yin and F.H.PLJla Brooklyn DOPED QUANTUM WELLS UNDER HYDROSTATIC PRESSURE
College of CUNY.lrooklyn, NY 11210; B.T. McOermott.K.G. Reid and S.M.
Beclair, North Carolna State University, Raleigh, NC 27695 NN. Zhou t, CH. Perry T, Northeastern University, Boston, MA 02115.

TZan JM oroc , Nlorteasern Uanivrsty BoNon MA7011
The photoreflectanoe(PR) spectrum of a GaAs/lnGaP (ordered single and J.M. Warlock t, Belicore, Red Bank, NJ 07701
quantum well has been measured at 300K.We have observed three quan-

tum transitions from the GaAs well in addition to a peak from the InGaP We report magneto-photohuninescence studies of n-type modulation
barrier layer.Good agreement between the experimental data and a theor- doped GaAs-A1GaAs multiple quantum well (MQW) heterostructures
etical calculation is obtained for a conduction band offset parameter under hydrostatic pressure from 0-30 kbars. A pressure-induced metal-
Oc - 0.1. The parameter Oc- AEC (AEc+Ev), where AEC and AEv are insulator transition is observed 1.2; this transition is monitored by in-
the conduction and valence band discontinuities, respectively. vestigation of the dramatic changes that take place in the different

spectral features (energy and line-width) as a function of magnetic
The total structure was built by ALE on (100) GaAs substrates in a layer field. These changes can be correlated with the tuning of the carrier
by layer fashion at 5000C using TEl, PH3 and TMG sources. The growth concentration with pressure. Analysis of the free Landau PL recombi-
proceeded by the deposition of a monolayer of In then P then Ga and then P. nation indicates a transformation to magneto-excitonic-like behaviour
The cycle was repeated for 100 times. This was followed by eleven ALE
cyclesof GaAs andthen a second 100 cycles of the In-P-Ga-P ordered alloy. at about 10 kbars at low temperatures in a MQW with an electron

density of n, = 5 x 10Z"cr - 2 and x=0.21.

From a detailed lineshape fit to the experimental spectrum we have
obtained transition energies of 1.468 +0.01 eV, 1.585.0.01 eV, 1 J.M.Mercy et aL. Surface Science 142. 298 (1984).
1.615±0.02 eV and 1.797+0.01 eV. The latter feature corresponds to the
fundamental gap of the InGaP barrier while the former three structures are
identified as 11H, 11L and 12H quantum transitions. The notation mnH(L) 2 C.H.Perry, B.A.Weinstein, S.K.Hark and C.Mailhiot. 18' h Int.
denotes transitions between the mth conduction and nth valence subbands of Conf. on the Physics of Semiconductors (ed 0. Engstrom, World
heavy(H)- or light(L)- hole character. Good agreement between expenm- Scientific, Singapore, 1987), p.687
ent and a calculation based on the envelope function model is achieved for
0c 0.05 and a wellwidth of35A. This value of Ocis considerably smaller Guest Scientists at the Francis Bitter National Magnet Laboratoy,

than those obtained from measuements of GaAs/InGaP(random) MIT ; supported by NSF under grant # DMR - 8604706.
heterojunctions.

D12.10
D12.8

SPATIALLY INDIRECT OPTICAL TRANSITIONS IN
MAGNETO-OPTICAL STUDIES OF 2-D ELECTRONS IN GaAs- SIICONDUCTOR QUANTUM WIRES. jalah L. Weiner, G.
AIGaAs SINGLE HETEROJUNCTIONS. Danan, A. Pinczuk, J. Valladares, L. N. Pfeiffer,
K-S. Lee 1, C.H. Perry t, Northeastern University, Boston, MA 02115, K. West, AT&T Bell Laboratories, Murray Hill, NJ.
and J.M. Worlock t, Bellcore, Red Bank, NJ 07701 In optical experiments with laterally patterned

We report low temperature magneto-photoluminescence investigations modulation-doped GaAs/AlGaAs quantum wells we

sin- observe spatially separate confinement of
of the exciton spectra of high mobility n-doped (AIGa)As-GaAs electrons and holes in one-dimensional quantum
gle heterojunctions up to 23 Tesla. At zero field, the PL spectrum wires.
is dominated by the bulk exciton transitions, but the radiative tran- The sample was fabricated from a high mobility
sitions between the two dimensional electron gas (2DEG) and the modulation doped GaAs/AlaAs single quantum well
photoexcited holes are not discernable. In the presence of magnetic heterostructure. 1000 A lines with 2000 A. period
fields, applied perpendicular to the interface, Landau transitions(LT) were patterned using electron-beau lithography,

appear at the fields which are dependent on the sample parameters]. followed by ion-milling to selectively deplete the
electron gas in the unmasked regions. The

With low incident laser power. intensity oscillations are observed as resulting lateral modulation of the charge density
the LT lines cross the bulk exciton lines; this behaviour may be as- induces a periodic lateral potential which
sociated with some type of resonant tunneling of the 2DEG from the confines the electron gas to one dimension.
quantum well region to bulk GaAs. The possibility of screening by The photoluminescence (PL) from the quantum wires
the long range random potential fluctuation 2 is excluded because the exhibits an onset at the bandgap, followed by a

period of oscillation is not related to the filling factor of the 2DEG. cutoff at the Fermi level characteristic of the
electron gas. Unlike the two-ldimensional electron

The cyclic effect of the magnetic field on the the PL efficiency or on gas, the intensity of the PL from the quantum
the efficiency of non-radiative recombination processes remains unex- wires increases above the bandgap, reaching a
plained and is under further investigation, maximum just below the Fermi level. This behavior

is due to spatially indirect transitions between
. Kukushkin, V. Timofeev, K. Klitzing, and K. Ploog, Advances in electrons and holes that are separately confined

in a type II lateral multiple quantum wire
Solid State Physics 28, 21 (1988). superlattice. Resonant inelastic light scattering
2 T. Ando, J. Phys. Soc. Jap. 37, 1044 (1974). spectra exhibit new peaks due to intersubband

excitations of the one-dimensional electron gas.
f Guest Scientists at the Francis Bitter National Magnet Laboratory, From the optical measurements we obtain the Fermi
MIT ; supported by NSF under grant # DMR - 8604706. energy as well as the subband spacings and

determine the one-dimensional electron density.
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SESSION El: BULK CRYSTAL GROWTH 11:15 EI.7
AND PROPERTIES GETTERING EXPERIMENTS ON CdTe, M.H. Jin, K.

Chair: J. F. Schetzina James and J.L. Merz, University of Califor-
Monday Morning, November 27 nia, Santa Barbara, Electrical and Computer

Salon H/I (M) Engineering Department, Santa Barbara, CA;
C. Jones, Santa Barbara Research Center,

8:30 *El11 Goleta, CA.
GROWTH OF LARGE-DIAMETER CdZnTe AND CdTeSe
BOULES FOR Hgl-xCdxTe EPITAXY: STATUS AND 11:30 Fl.8
PROSPECTS, S,--e, S.M. Johnson, J.A. Kiele, PHOTOPLASTIC BEHAVIOR OF TYPE II-VI SEMICON-
W.H. Konkel and J.E. Stannard, Santa Barbara DUCTORS, T.J. Garosshen, C.S. Kim and J.M.
Research Center, Advanced Development Lab, Galligan, University of Connecticut, Depart-
Goleta, CA. ment of Metallurgy and Institute of Materi-

als Science, Storrs, CT..

9:15 *El.2
BULK CRYSTAL GROWTH OF LATTICE-MATCHED 11:45 FI.9
CDZNTE FOR HGZNTE EPITAXY, S. McDevitt, J. PREPARATION AND CHARACTERIZATION OF (ZnTe)x
Sepich and D. John, II-VI Incorporated, (CdSe)l-x SINGLE CRYSTALS, V.K. Madhusmitha
Materials R&D Department, Saxonburg, PA; A. Rani, R.P. Vijaya Lakshmi, D. Raia Reddy and
Sher and A. Raizman, Soreq Nuclear Research B.K. Reddy, S.V. University College, Depart-
Center, Solid State Physics Department, ment of Physics, Tirupata, India.
Yavne, Israel.

SESSION E2: OPTICAL AND
9:45 E1. ELECTRICAL PROPERTIES

ON THE RELATIONSHIP BETWEEN DISLOCATION Chair: M. Tamargo

DENSITY AND X-RAY FULL WIDTH HALF MAXIMUM IN Monday Afternoon, November 27

HORIZONTAL BRIDGMAN GROWN CdTe AND CdZnTe, Salon H/I (M)

H.F. Schaake and H.-Y. Liu, Texas Instru-
ments Inc., Central Research Laboratories, 1:30 *_2.1
Dallas, TX. RECENT ADVANCES IN STRAINED WIDE-GAP II-VI

SEMICONDUCTOR SUPERLATTICES, A.V. Nurmikko,

10:00 BREAK Brown University, Providence, RI; R.L.
Gunshor, M. Kobayashi, Purdue University,

10:30 EI.4 Lafayette, IN; and L.A. Kolodziejski, Mas-

PHOTOLUMINESCENCE DETECTION OF NATIVE DE- sachusetts Institute of Technology, Cam-
FECTS IN THE SURFACE REGION OF BULK CdTe, bridge, MA.
P.M. Amirtharai and N.K. Dhar, U.S. Army
Center for Night Vision and Electro-Optics, 2:15 E2.2
Fort Belvoir, VA. DEEP LEVEL LUMINESCENCE MEASURING OF MBE

CdTe GROWTH QUALITY AND PROCESSING, J.L.

10:45 1.5 Shaw and L.J. Brillson, Xerox Webster Re-

PHOTOLUMINESCENCE STUDIES IN ZnxCdl-xTe search Center, Electronic Marketing Lab,

SINGLE CRYSTALS, J. GonzAlez-Hernandez, Webster, NY; S. Sivananthan and J.P. Faurie,
Brigham Young University, Physics and Astro- University of Illinois at Chicago, Physics
nomy, and Center for X-ray Imaging, Provo, Department, Chicago, IL.
UT and Centro de .nvestigaci6n y Estudios
Avanzados del IPN, Mexico, Mexico; David D. 2:30 E2
Allred, Brigham Young University, Physics STRUCTURAL AND VIBRATIONAL PROPERTIES OF
and Astronomy, and center for X-ray Imaging, ZnTe EPITAXIAL LAYERS GROWN BY MBE, J.
Provo, UT; Elias L6pez-Cruz, Universidad Petruzzello, D. Olego, Philips Laboratories,
Aut6noma de Puebla, Depto. de Fisica, In- North American Philips Corporation, Briar-
stituto de Ciencias, Puebla, Mdxico; and cliff Manor, NY; X. Chu and J.P. Faurie,
Worth P. Allred, Galtech Semiconductor University of Illinois at Chicago, Physics
Materials Corporaticn, Mt. Pleasant, UT. Department, Chicago, IL.

11:00 P.6 2:45 E2.4
NONDESTRUCTIVE COMPOSITIONAL AND DEFECT HIGH RESOLUTION AND ANALYTICAL ELECTRON
CHARACTERIZATION OF ZnCdTe ALLOYS USING MICROSCOPY OF MULTILAYER HETEROEPITAXIAL
PHOTOLUMINESCENCE SPECTROSCOPY, W.M. Duncan, SEMICONDUCTORS, H.-J. Kleebe, University of
R.J. Koestner, J.H. Tregilgas, H.-Y. Liu and California, Santa Barbara, Materials Depart-
M.-C. Chen, Texas Instruments, Inc., Central ment, Engineering III, Santa Barbara, CA;
Research Laboratories, Dallas, TX. W.J. Hamilton, W.L. Ahlgren and S.M.

Johnson, Santa Barbara Research Center,
*Invited Paper Goleta, CA; and M. Rihle, University of

California, Santa Barbara, Materials Depart-
ment, Engineering III, Santa Barbara, CA.

163



3:00 BREAK 11:15 E
OPTIMIZED MIS CHARACTERISTICS OF AS-GROWN

3:30 *E2.5 EPITAXIAL ZnSe/EPITAXIAL GaAs HETEROSTRUC-
SOLUBILITY OF IMPURITIES 4ND DEFECT IMPURITY TURES, J. Qiu, O.-D. Oian, M. Kobayashi,
INTERACTION IN II-VI SEMICONDUCTORS, Yves R.L. Gunshor, D.R. Menke, D. Li and N.
MNarfaing, CNRS, Laboratorie de Physique des Otsuka, Purdue University, West Lafayette,
Solides de Bellevue, Meudon, France. IN.

4:15 E2.6 11:30 E3.6
MOCVD GROWTH OF Cdl.ZnvTe EPITAXIAL LAYERS PSEUDOMORPHIC ZnTe/AlSb/GaSb: GROWTH AND
USING A VERTICAL FLOW/HIGH-SPEED HORIZONTAL CHARACTERIZATION, D.L. Mathine, J. Han, M.
ROTATING DISK REACTOR, W.L. Ahlren, S.M. Kobayashi, R.L. Gunshor, D.R. Menke and M.
Johnson, W.J. Hamilton, A. Szilagyi, Santa Vaziri, Purdue University, Electrical En-
Barbara Research Center, Goleta, CA; G.S. gineering Department, West Lafayette, IN; J.
Tompa and P.D. Reinert, EMCORE Corporation, Gonsalves and N. Otsuka, Purdue University,
Somerset, NJ; C.K. Ziegler and W.J. Lick, Materials Engineering Department, West
University of California, Santa Barbara, De- Lafayette, IN; Q. Fu, M. Hagerott and A.V.
partment of Mechanical and Environmental Nurmikko, Brown University, Division of
Engineering, Santa Barbara, CA. Engineering, Providence, RI.

4:30 E2.2 11:45 E3.7
THICKNESS MEASUREMENT OF THIN FILMS BY X-RAY TRANSMISSION ELECTRON MICROSCOPY OF II-
ABSORPTION, J. Chaudhuri and S. Shah, The VI/III-V SEMICONDUCTOR INTERFACES, D. Li, N.
Wichita State University, Mechanical En- Otsuka, M. Kobayashi, R.L. Gunshor and L.A.
gineering Department, Wichita, KS. Kolodziejski, Purdue University, Department

of Materials Engineering and science, West
4:45 E2.8 Lafayette, IN.

TILT GROWTH OF CdTe EPILAYERS ON SAPPHIRE
SUBSTRATES BY MOCVD, Kenji Maruvama, Hiroji SESSION E4: THIN FILMS AND
Ebe, Yoshito Nishijima and Koji Shinohara, HETEROSTRUCTURES I
Fujitsu Laboratories Ltd., Atsugi, Japan. Chair: R. L. Gunshor

Tuesday Afternoon, November 28
SESSION E3: DOPING OF II-VI MATERIALS Salon H/I (M)

Chair: H. Schaake
Tuesday Morning, November 28 1:30 *Ei4.1

Salon H/I (M) RECENT ADVANCES IN WIDE-BAND GAP II-VI'S FOR
VISIBLE LIGHT EMITTERS, T.C. McGill.

8:30 *IL.1
NOVEL APPROACHES TO DOPING OF II-VI COM- 2:15 B4.2
POUNDS GROWN BY MBE, Maria C. Tamargo, SURFACE MORPHOLOGY AND PHOTOLUMINESCENCE
Bellcore, Red Bank, NJ. SPECTRA OF ZnSe AFTER EXCIMER LASER ANNEAL-

ING, -J.Yi and G.F. Neumark, Columbia
9:15 *E3.2 University, Metallurgy and Materials Science

MOCVD GROWTH AND DOPING OF ZnSe AND RELATED Department, New York, NY: Z. Lu, Columbia
II-VI MATERIALS, H. Kukimoto, Tokyo Insti- University, Electrical EngineeAring Depart-
tute of Technology, Imaging Science and ment, New York, NY; P.R. Newbury, Philips
Engineering Laboratory, Yokohama, Japan. Laboratories, Materials Physics Department,

Briarcliff Manor, NY; C.F. Yu, Columbia
10:00 BREAK University, Electrical Engineering Depart-

ment, New York, NY; B.J. Fitzpatrick, M.
10:30 *E3.3 Shone and A. Sicignano, Philips Labora-
GROWTH AND DOPING OF ZINC SELENIDE BY MOLE- tories, Materials Physics Department, Briar-
CULAR BEAM EPITAXY, J.M. DePuvdt, H. Cheng, cliff Manor, NY.
M.A. Haase and J.E. Potts, 3M Company, Basic
Technologies Laboratory, St. Paul, MN. 2:30 E4.3

PLASMA-ASSISTED EPITAXIAL GROWTH OF ZnSe
11:00 EX.A FILMS IN HYDROGEN PLASMA, Satoshi Yamauchi
DEPOSITION OF ZINC SELENIDE BY ATOMIC LAYER and Takashi Hariu, Tohoku University, De-
EPITAXY FOR MULTILAYER X-RAY OPTICS, J. partment of Electronic Engineering, Sendai,
Kevin Shurtleff, David Allred, Raymond Japan.
Perkins and James Thorne, Brigham Young
University, Departments of Chemistry and
Physics, Provo, UT.
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2:45 E4.4 9:15 E5.2
EFFECT OF Se PRECURSORS AND PROCESSING GROWTH OF LATTICE-MATCHED ZnSe-ZnS STRAINED-
CONDITIONS ON OPTOELECTRONIC PROPERTIES OF LAYER SUPERLATTICES ONTO GaAs AS AN ALTERNA-
ZnSe GROWN BY MOVPE, Konstantinos P. Giapis, TIVE TO ZnSSe ALLOYS, H. Oniyama, S. Yamaga
AT&T Bell Laboratories, Murray Hill, NJ; and and A. Yoshikawa, Chiba University, Depart-
Klavs F. Jensen, Massachusetts Institute of ment of Electric and Electronics Engineer-
Technology, Department of Chemical Engineer- ing, Chiba, Japan.
ing, Cambridge, MA.

9:30 E5.3
3:00 E4.4A STRUCTURAL AND ELECTRICAL CHARACTERIZATION

GROWTH OF ZnSxSel x BY MBE USING AN ELECTRO- OF CdSe THIN FILMS, Miltiadis K. Hatalis,
CHEMICAL SULPHUR SOURCE, J. Wallace, K. EuyuLin, Lehigh University, Sherman Fair-
Prior, B. Cavenett, J. Hunter, S. Adams and child Laboratory, Department of Electrical
M. Haines, Heriot-Watt University, Depart- Engineering, Bethlehem, PA; and Michael R.
ment of Physics, Edinburgh, United Kingdom. Westcott, Litton Systems Canada Ltd., Dis-

play Systems Engineering, Rexdale, Canada.
3:15 BREAK

9:45 E5.4

3:30 *E4.5 U.S. POLYCRYSTALLINE THIN FILM SOLAR CELL
ALE/MBE GROWTH AND CHARACTERIZATION OF ZN- PROGRAM, Harin S. Ullal, Kenneth Zweibel and
CHALCOGENIDE SUPERLATTICE STRUCTURES, T_ Richard L. Mitchell, Solar Energy Research
Yao, M. Fujimoto, H. Izumiya, H. Tanino and Institute, Golden, CO.
Y. Okada, Electroctechnical Laboratory,
Ibaraki, Japan. 10:00 E5.5

A STRUCTURAL STUDY OF EPITAXIAL LAYERS OF
4:15 E4.6 CdSe AND CdS GROWN ON GaAs, A.G. Cullis,

SELECTIVE-AREA DEPOSITION OF METALS, PAS- P.J. Parbrook, P.W. Smith, B. Cockayne, P.J.
SIVANTS, INSULATORS, AND EPITAXIAL FILMS OF Wright and G.M. Williams, Royal Signals and
II-VI COMPOUND SEMICONDUCTORS, D.L. Dreifus, Radar Establishment, Worcs, United Kingdom.
North Carolina State University, Department
of Electrical and Computer Engineering, 10:15 BREAK
Raleigh, NC; Y. Lansari, J.W. Han, J.W. Cook
Jr. and J.F. Schetzina, North Carolina State 10:30 ±.L
University, Physics Department, Raleigh, NC. EXCITONIC PROPERTIES IN ZnSe-ZnS STRAINED-

LAYER SUPERLATTICES AND A FIBONACCI SE-
4:30 E4.7 QUENCE, Tsunemasa Taguchi and Yoichi Yamada,

SPATIAL LIGHT MODULATOR USING A CdS THIN Osaka University, Faculty of Engineering,
FILM PHOTOCAPACITOR, Jose~h Reichman, Department of Electrical Engineering,
Grumman Corporation, Corporate Research Osaka, Japan.
Center, Bethpage, NY.

11:15 E5.7
4:45 E4.8 OPTICAL PROPERTIES OF CdZnS-ZnS STRAINED
PHOTOLUMINESCENCE PROPERTIES OF GRADED LAYER SUPERLATTICES, Yasuyuki Endoh and
COMPOSITION MgxZnl1 xSe CRYSTALS, H.J. Tsunemasa Taquchi, Osaka University, Faculty
Lgyk i, Ohio University, Electrical and of Engineering, Department of Electrical
Computer Engineering Department, Athens, OH; Engineering, Osaka, Japan.
X.D. Tiang, University of Heilongjian, Har-
bin, China; and J.L. Merz, University of 11:30 E5.8
California, Santa Barbara, Santa Barbara, PRECISE MEASUREMENTS OF MINORITY CARRIER
CA. LIFETIMES IN II-VI FILMS AND SUPERLATTICES,

W.O. Doagett, Michael W. Thelander and J.F.
SESSION E5: THIN FILMS Schetzina, North Carolina State University,
AND HETEROSTRUCTURES II Physics Department, Raleigh, NC.
Chair: T. C. McGill

Wednesday Morning, November 29 11:45 E5.9
Salon H/I (M) NONLINEARITY OF BOUND EXCITON STIMULATED

EMISSION INDUCED BY NONEQUILIBRIUM ACOUSTIC
8:30 ±E5.2 PHONONS, N.N. Zinov'ev, D.I. Kovalev and

ATOMIC LAYER EPITAXY OF WIDE BANDGAP II-VI I.D. Yaroshetskii, Academy of Sciences of
COMPOUND SEMICONDUCTOR SUPERLATTICES, H, the USSR, A.F. Ioffe Physico-Technical In-
Konagai, Y. Takemura, R. Kimura, N. stitute, Leningrad, USSR.
Teraguchi and K. Takahashi, Tokyo Institute
of Technology, Department of Electrical and
Electronic Engineering, Tokyo, Japan.
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SESSION E6: NOVEL GROWTH SESSION E7: HaCdTe: SURFACES.
AND CHARACTERIZATIONS PASSIVANTS. AND PROCESSING
Chair: F. Bartoli Jr. Chair: S. Hwang

Wednesday Afternoon, November 29 Thursday Morning, November 30
Salon H/I (M) Salon H/I (M)

1:30 *E)2 8:30 *E7.1
PHOTOASSISTED MBE OF II-VI SEMICONDUCTOR SHOCKLEY-READ RECOMBINATION IN P-TYPE
FILMS AND SUPERLATTICES, N.C. Giles, R. L. HgCdTe, Y. Nemirovsky and R. Fastow, Tech-
Harper, J.W. Han and J.F. Schetzina, North nion-Israel Institute of Technology, Depart-
Carolina State University, Physics Depart- ment of Electrical Engineering, Haifa,
ment, Raleigh, NC. Israel.

2:15 E6.2 9:15 E7.2
GROWTH AND INITIAL CHARACTERIZATION OF NOVEL THE EFFECT OF SURFACE LAYERS IN EPITAXIAL n-
HGTE-BASED II-VI MATERIALS, E.G. Moore, TYPE HgCdTe, KK. Parat, N.R. Taskar, I.B.
Naval Research Laboratory, Washington, DC; Bhat and S.K. Ghandhi, Rensselaer Polytech-
J.C. Abele, Lewis and Clark College, Port- nic Institute, Troy, NY.
land, OR; and P.E. Kremer, Crystal Special-
ties Intl., Colorado Springs, CO. 9:30 E7.3

SURFACE ELECTRONS IN INVERTED LAYERS OF P-
2:30 E6.3 HGCDTE, S.Z. Schacham and E. Finkman, Tech-

USE OF ATOM PROBE TECHNIQUES IN THE STUDY OF nion-Israel Institute of Technology, Depart-
I-VI SEMICONDUCTORS, Ross A.D. Mackenzie, ment of Electrical Engineering, Haifa,
Chris R.M. Grovenor and J. Alex Liddle, Israel.
Oxford University, Department of Metallurgy
and Science of Materials, Oxford, United 9:45. E7.4
Kingdom. ELECTRICAL CHARACTERIZATION OF P-TYPE

CdXHg1 -xTe GROWN BY MOVPE (IMP), A. Royle,
3:00 BREAK J.S. Gough, S.J.C. Irvine and J.B. Mullin,

Royal Signals and Radar Establishment,
3:15 *E6.4 Worcestershire, United Kingdom.

MBE GROWTH OF HgCdTe FOR INFRARED DETECTOR
APPLICATIONS, J.M. Arias, S.H. Shin, J.G. 10:00 E7.4A
Pasko, M. Zandian, and R.E. DeWames, Rock- MBE GROWTH: SURFACE ROUGHNESS THEORY, A.
well International Science Center, Thousand Sher, Srinivasan Krishnamurthy, Martha A.
Oaks, CA. Berding, SRI International, Menlo Park, CA;

A.-B. Chen, Auburn University, Auburn, AL;
4:00 6 and Archibald Fripp, National Aeronautics

ELECTRICAL PROPERTIES OF MBE-GROWN HgCdTe, and Space Administration, Langley Research
Z. Hwang, Jeong W. Han, J.W. Cook Jr. and Center, Hampton, VA.
J.F. Schetzina, North Carolina State Univer-
sity, Department of Physics, Raleigh, NC. 10:30 E7.5

LANGMUIR-BLODGETT FILM PASSIVATION ON CATHO-
4:15 E6.6 DICALLY CLEANED MCT AND PC-TYPE DEVICES,

FIRST AND SECOND ORDER RAMAN STUDIES OF Kenao Shimanoe, Tetsuya Suzuki, Taizo
COMPOSITION AND STRUCTURAL ORDERING IN Hoshino and Masao Sakashita, Nippon Steel
Hgl-xCdxTe, A. Comaan, University of Corporation, R&D Labs.-I, Kawasaki, Japan.
Toledo, Physics and Astronomy Department,
Toledo, OH; Robert C. Bowman Jr., The 10:45 E7.6
Aerospace Corporation, Chemistry and Physics ENHANCED METALLIZATION STABILITY ON MERCURY-
Lab, Los Angeles, CA. CADMIUM-TELLURIDE, A. Raisanen, G. Haugstad,

X. Yu and A. Franciosi, University of Min-
4:30 E6.7 nesota, Department of Chemical Engineering

TEMPERATURE-DEPENDENT INFRARED ABSORPTION OF and Materials Science, Minneapolis, MN; D.J.
HG-BASED II-VI SEMICONDUCTOR SUPERLATTICES, Peterman, McDonnell Douglas Research Labs,
Z. Yang, Y. Lansari, J.W. Han and J.F. St. Louis, MO.
Schetzina, North Carolina State University,
Physics Department, Raleigh, NC. 11:00 E7.7

GROWTH OF HIGH QUALITY LWIR FILMS BY LIQUID
4:45 J PHASE EPITAXY, DChandra, Texas

PROPERTIES OF MODULATION DOPED HgCdTe, Jong Instruments, Dallas, TX.
W. Han, S. Hwang, Y. Lansari, J.W. Cook Jr.
and J.F. Schetzina, North Carolina State
University, Physics Department, Raleigh, NC.
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11:15 E7.8 3:45 E8.6
CHARACTERIZATION OF (Hg,Cd) Te FOR INFRARED PROPERTIES OF HgTe-ZnTe STRAINED LAYER
FOCAL PLANE ARRAY APPLICATIONS, A.J. SUPERLATTICES GROWN BY MOVPE, J.T. Mullins,
Svllaios, V.C. Lopes and W.H. Wright, Texas P.A. Clifton, P.D. Brown, K. Durose and A.W.
Instruments, Inc., Dallas, TX. Brinkman, University of Durham, Applied

Physics Group, S.E.A.S., Durham, United
11:30 E7.9 Kingdom.
EFFECTS ON DEFECTS ON METAL-INSULATOR-SEMI-
CONDUCTOR PROPERTIES OF HgCdTe FILMS GROWN 4:00 E8.7
BY LIQUID PHASE EPITAXY, Dipankar Chandra MBE GROWTH AND CHARACTERIZATION OF SMALL
and Michael W. Goodwin, Texas Instruments, BAND GAP HgTe-HgCdTe SUPERLATTICES, Y.
Inc., Dallas, TX. Lansari, Z. Yang, S. Hwang, J.W. Cook Jr.

and J.F. Schetzina, North Carolina State
11:45 E7.10 University, Physics Department, Raleigh, NC.
LOW-TEMPERATURE PROCESSING TECHNOLOGY FOR
II-VI SEMICONDUCTORS, D.L. Dreifus and R.M. 4:15 E8.8
Kolbas, North Carolina State University, PHASE DIAGRAM LATTICE PARAMETER AND OPTICAL
Department of Electrical and Computer En- OPTICAL ENERGY GAP VALUES FOR THE
gineering, Raleigh, NC; B.P. Sneed and J.F. HgX(CUIn)yMn 2 zTe 2 (x+y+z=l) ALLOYS, Pedro
Schetzina, North Carolina State University, Grima Gallardo, Universidad de Los Andes,
Department of Physics, Raleigh, NC. Centro de Estudios en Semiconductores, Fac.

Ciencias. Dpto. Fisica., Laboratorio de
SESSION E8: HgCdTe: EITAXIAL GROWTH Cristales, Mdrida, Venezuela.

Chair: J. Arias
Thursday Afternoon, November 30 4:30 E8.9

Salon H/I (M) ON THE FIELD EMISSION FROM HgTe-CdTe SUPER-
LATTICES WITH GRADED STRUCTURES UNDER MAG-

1:30 *E8.I NETIC QUANTIZATION, Kamakhva P. Ghatak,
RECENT PROGRESS IN THE OMVPE GROWTH OF University of Jadavpur, Department of Elec-
HgCdTe, S.K. Ghandhi, Rensselaer Polytechnic tronics Engineering, Calcutta, India; Sambhu
Institute, Troy, NY. N. Biswas, Bengal Engineering College,

Department of Electronics and Telecom-
2:15 E8.2 munication Engineering, West Bengal, India.

VAPOUR PRESSURE MEASUREMENTS ON ORGANOTEL-
LURIUM PRECURSORS FOR MOVPE, J.E. Hails, 4:45 ES.10
S.J.C. Irvine and J.B. Mullin, Royal Signals INVESTIGATION OF LIQUID ENCAPSULANT FOR CdTe
and Radar Establishment, Worchestershire, AND CdxHgl-xTe MELT, Wang Caihao and WU
United Ki.ngdom. Wnhai, Shanghai University of Science and

Technology, Department of Materials Science,
2:30 B8.3 Shanghai, China.

INFLUENCE OF SUBSTRATE QUALITY IN THE METAL
ORGANIC CHEMICAL VAPOUR DEPOSITION OF HgCd- 5:00 E8.I
Te, M.J. Bevan and N.J. Doyle, Westinghouse MBE GROWTH AND CHARACTERIZATION OF HIGH
Science and Technology Center, Pittsburgh, QUALITY EPITAXIAL Hgl.xCdxTe THIN FILMS,
PA. M.B. Lee, J. De Carlo, D. Di Marzio and M.

Kesselman, Grumman Corporate Research Cen-
2:45 E8.4 ter, Bethpage, NY.

TEM CHARACTERIZATION OF DEFECTS IN HgCdTe
GROWN ON (001) CdTe AND (111)B CdZnTe SUB- SESSION E9: Hg-BASED SUPERLATTICES;
STRATES BY MOCVD, Anthony Hobbs, 0. Ueda, K. DM5 MATERIALS
Maruyama, S. Murakami and K. Shinohara, Chair: Y. Lansari
Fujitsu Laboratories Ltd., Atsugi, Japan. Friday Morning, December 1

Salon H/I (M)
3:00 BREAK

8:30 *Eg.I
3:30 E8.5 FREE-CARRIER INDUCED OPTICAL NONLINEARITIES
STRUCTURAL AND ELECTRICAL PROPERTIES OF IN NARROW BANDGAP SEMICONDUCTORS, S.Y.
HETEROEPITAXIAL HgCdTe/CdZnTe/GaAs/Si, S.M. Auvan- , Massachusetts Institute of Technol-
Johnson, W.L. Ahlgren, M.H. Kalisher, W.J. ogy, Cambridge, MA; and P.A. Wolff, NEC
Hamilton Jr. and J.B. James, Santa Barbara Research Institute, Princeton, NJ.
Research Center, Goleta, CA.
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9:00 E9.2 11:45 E9.10
NARROW-GAP NONLINEAR OPTICAL MATERIALS, E.R. PHOTOLUMINESCENCE STUDIES OF DILUTED MAG-
Xngdale, C.A. Hoffman, J.R. Meyer, F.J. NETIC SEMICONDUCTORS UNDER HYDROSTATIC
Bartoli, Naval Research Laboratory, Washing- PRESSURE: Cdl.xMnxTe, M. Prakash, M.
ton, DC; J.W. Han, J.W. Cook Jr., and J.F. Chandrasekhar and H.R. Chandrasekhar, Uni-
Schetzina, North Carolina State University, versity of Missouri, Columbia, MO; I.
Raleigh, NC; and A. Martinez, Naval Surface Miotkowski and A.K. Ramdas, Purdue Univer-
Weapons Center, Silver Spring, MD. sity, West Lafayette, IN.

9:15 *E9.3 SESSION El0: DMS MATERIALS
TRANSPORT PROPERTIES OF Hg-BASED SUPERLAT- Chair: S. von Molnar
TICES, C.A. Hoffman, J.R. Meyer and F.J. Friday Afternoon, December 1
Bartoli, Naval Research Laboratory, Washing- Salon H/I (M)
ton, DC.

1:30 El0.1
9:45 E9.4 OBSERVATION OF Mn2+ TRIPLET CLUSTERS AND
HgTe-CdTe MULTIPLE QUANTUM WELLS, C.A. NON-NEAREST NEIGHBOR EXCHANGE EFFECT IN
Hoffman, D.J. Arnold, J.R. Meyer, F.J. (Cd,Mn)Te, Xiaomei Wang, D. Heiman, S. Foner
Bartoli, Naval Research Laboratory, Washing- and P. Becla, Massachusetts Institute of
ton, DC; Y. Lansari, J.W. Cook, Jr., and Technology, Francis Bitter National Magnet
J.F. Schetzina, North Carolina State Univer- Laboratory, Cambridge, MA.
sity, Raleigh, NC.

1:45 EL0.2
10:00 E9.5 THE EFFECT OF DZYALOSHINSKI-MORIYA INTERAC-
ELECTRIC FIELD EFFECTS IN HG-BASED AND NON- TION ON THE MAGNETIZATION OF DILUTE MAGNETIC
HG-BASED II-VI SEMICONDUCTOR QUANTUM WELLS, SEMICONDUCTORS, C.R. McIntyre, Massachusetts
Z. Yan , J.F. Schetzina, North Carolina Institute of Technology, Physics Department,
State University, Physics Department, Ra- Cambridge, MA; P.A. Wolff, NEC Research In-
leigh, NC. stitute, Princeton, NJ; and Y. Shapira,

Tufts University, Physics Department, Med-
10:15 BREAK ford, MA.

10:30 *E9.6 2:00 El0.3
NEW DEVELOPMENTS IN II-VI-BASED DILUTED IN-SITU STUDIES OF SEMIMAGNETIC HETEROJUNC-
MAGNETIC SEMICONDUCTORS, J.K. Furdyna and N. TION PARAMETERS, xiaohua Yu, A. Raisanen, G.
Samarth, University of Notre Dame, Physics Haugstad, N. Troullier and A. Franciosi,
Department, Notre Dame, IL. University of Minnesota, Department of

Chemical Engineering and Materials Science,
11:00 E9.7 Minneapolis, MN.
MAGNETIC PROPERTIES OF NOVEL III-V DILUTED
MAGNETIC SEMICONDUCTORS, S. von Moln&r, H. 2:15 El0.4
Munekata, H. Ohno and L.L. Chang, IBM T.J. NOVEL PROPERTIES OF MAGNETIC SEMICONDUCTORS
Watson Research Center, Yorktown Heights, GROWN BY MONOLAYER DEPOSITION USING LASER-
NY. TARGET ABLATION, XzL, Zhen, C.A. Huber and

D. Heiman, Massachusetts Institute of Tech-
11:15 E9.8 nology, Francis Bitter National Magnet
TEM STUDY OF DEFECTS IN CdTe/CdMnTe SUPER- Laboratory, Cambridge, MA.
LATTICES ON (100) InSb, S. Diamond and .
Steeds, University of Bristol, Physics 2:30 E1.5
Department, Bristol, United Kingdom. PHOTOLUMINESCENCE OF ZnSe FILMS AND ZnSe/Zn-

MnSe STRAINED LAYER SUPERLATTICES UNDER
11:30 E9.9 HYDROSTATIC PRESSURE, Judah A. Tuchman,
In AND Ga AUTODOPING OF CdMnTe EPILAYERS Zhifeng Sui, Irving P. Herman, Columbia
GROWN ON InSb AND GaAs SUBSTRATES, J.J. University, Department of Applied Physics,
Dubowski, J.M. Wrobel, S. Rolfe, National New York, NY; R.L. Gunshor, Purdue Univer-
Research Council of Canada, Division of sity, School of Electrical Engineering, West
Physics, Laboratory for Microstructural Lafayette, IN; L.A. Kolodziejski, Mas-
Sciences, Ottawa, Canada; J.A. Jackman, sachusetts Institute of Technology, Depart-
CANMET, Metals Technology Laboratories, ment of Electrical Engineering, Cambridge,
Ottawa, Canada; and J.H. Mazur, University MA.
of Southern California, Materials Science
and Engineering Department, Los Angeles, CA.
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2:45 E 10.6 4:45 E10.12
MAGNETO-OPTICAL STUDIES OF ZnFeSe/ZnSe/ FREE EXCITON MAGNETOSPECTROSCOPY OF CdFeSe
ZnFeSe QUANTUM WELL STRUCTURES, X. Liu and DILUTED MAGNETIC SEMICONDUCTOR, A_
A. Petrou, SUNY at Buffalo, Department of T, K. Pakula, Warsaw University,
Physics and Astronomy, Buffalo, NY; B.T. Institute of Experimental Physics, Warsaw,
Jonker, G.A. Prinz and J.J. Krebs, Naval Poland; M. Arciszewska and A. Mycielski,
Research Laboratory, Washington, DC; and J. Polish Academy of Sciences, Institute of
Warnock, IBM T.J. Watson Research Center, Physics, Warsaw, Poland.
Yorktown Heights, NY.

3:00 BREAK

3:30 E10.7
TRANSITION METAL DONOR LEVELS IN II-VI
SEMICONDUCTORS, D. Heimanp M. Dahl, J.
Perkins, X. Wang, X.-L. Zheng, P. Becla,
Massachusetts Institute of Technology,
Francis Bitter National Magnet Laboratory,
Cambridge, MA; K. Smith, J. Marsella, K.
Dwight, A. Wold, Brown University, Chemistry
Department, Providence, RI; and A.
Mycielski, Academy of Science, Institute of
Physics, Warsaw, Poland.

3:45 E10.8
MAGNETIC STUDY OF Fe-BASED II-VI DILUTED
MAGNETIC SEMICONDUCTORS, H.J.M. Swagten,
Eindhoven University of Technology, Depart-
ment of Physics, Eindhoven, The Netherlands;
A. Twardowski, Warsaw University, Institute
of Experimental Physics, Warsaw, Poland;
C.E.P. Gerrits and W.J.M. de Jonge, Eind-
hoven University of Technology, Department
of Physics, Eindhoven, The Netherlands.

4:00 E10.9
ENERGY LEVEL SPECTRA OF TRANSITION METAL
IONS IN DILUTED MAGNETIC SEMICONDUCTORS,
Murielle Villeret, S. Rodriguez, Purdue
University, Department of Physics, West
Lafayette, IN; and E. Kartheuser, Universit6
de Liege, Liege, Belgium.

4:15 E10.10
RAMAN SPECTROSCOPY OF A NOVEL DILUTED MAG-
NETIC SEMICONDUCTOR: CUBIC Cdl-,Mn.Se, R.G.
Alonso, E.-K. Suh, Purdue University, De-
partment of Physics, West Lafayette, IN; H.
Pascher, University of Bayreuth, Bayreuth,
Webt Germany; E. Oh, A.K. Ramdas, Purdue
University, Department of Physics, West
Lafayette, IN; N. Samarth, H. Luo and J.K.
Furdyna, University of Notre Dame, Notre
Dame, IN.

4:30 E10,11
THE INFLUENCE OF Fe DONORS IN HgSe ON FREE-
CARRIER SCATTERING MECHANISM, OiaDign,
Zhang Jiamin, Zhou Qun, Liu Kun, Shanghai
Institute of Technical Physics, Academia
Sinica, Lab for Infrared Physics, Shanghai,
China; W. Szuszkiewicz, Warsaw University,
Institute of Experimental Physics, Warsaw,
Poland; and A. Mycielski, Science Academia
of Poland, Institute of Physics, Warsaw,
Poland.
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El.1 El. 3
GROWTH OF LARGE-DIAMETN R CdZnTe AND CdTeSe BOULES ON THE RELATIONSHIP BETWEEN DISLOCATION DENSITYFOR Hgl.CdTe EPITAXY: STATUS AND PROSPECTS. UM S.M. AND X-RAY FULL WIDTH HALF MAXIMUM IN HORIZONTALJohnson, J.A. Kiele, W.H. Konkel and J.E. Stannard, Santa Barbara Re- BRIDGMAN GROWN CdTe and CdZnTe. H.&Schakc and H.-Y.search Center, 75 Comar Dr., B2/8, Goleta, CA 93117 Liu, Texas Instruments Inc., Dallas, Texas 75265

Single crystals of CdTe or dilute alloys of Cdl tZnyTe (y < 0.04) and
CdTel-1 Sez (z < 0.04) with low defect density and large single-orysal area The full width half maximum (FWHM) of the x-ray double crystal
(>30 cm2) are required as substrates for high-quality epitaxial Hgl.1CdxTe rocking curve is a frequently used measure of crystal quality. Wethin films in the infrared (IR) detector industy. Bridgman or gradient have measured the relationship between the dislocation density as
freeze has been the most common current technique used for growing thesematerials. This paper reviews the current status and the evolution at SBRC determined by defect etching using the Nakagawa etch and the FWHMof one variation of the Bridgman technique, viz., vertical modified Bridg- measured at the same spot on horizontal Bridgman grown CdTe andman (VMB), for producing large-area substrates with excellent uniformity CdZnTe. We find that there is no simple relationship between the twoand reproducibility. CdTe, Cdl.ZnyTe (y < 0.04) and CdTel.Sez (z < measurements. For example, one sample with a FWHM of 10 arc-0.04) boules of 5-7.5 cm diameter have been grown unseeded in the present seconds had a dislocation density 6 x 10 cm while another with theversion of the VMB growth system. In general, under optimum growth
conditions, the boules have the smallest grain structure (several grains) at same FWHM had less than 10' cm - 1. However, a large number of datathe tip end with enhancement of grain selection as the cylindrical body of the points were scattered about the straight line, p,1 = 3 x 1OFWHM.boule is approached, resulting in one predominant and large grain
occupying 70-80 percent of the entire boule volume; (I 1 -oriented C .  The lack of a simple relationship results from a failure to consideryZnyTe and CdTel.zSe z substrates with single-crystal areas as large as 5G- the Burgers vectors of the dislocations. The observed distribution of60 cm2 have been obtained from these boules. Crystal quality characterized dislocations can be considered to be the sum of a group of dislocationsby x-ray rocking curve, IR transmission (2.5-20 gim), low-temperature whose average Burgers vector is zero (i.e., randomly distributed) andphotoluminescence, and Hall-effect measurements as a function of tem- one in which all of the Burgers vectors are the same. The first distri-perature, showed a strong correlation with the starting material quality(especially that of elemental Te and Se). Analyses of the thermal history bution will give rise to a broadening proportional to the square rootduring growth reveals that the presence of the ampoule (with charge) in- of the dislocation density while the second will give rise to a broaden-creases the temperature inside the furnace by 10 to 15 degrees. The tern- ing proportional to the density. Comparison with theoretical models
perature gradient at the tip was measured to be 8-10o C/cm and it dropped to shows that the second type of distribution generally, but not always,4-50 C/crn beyond 2.5 cm from the tip - where rapid enhancement of grain dominates in the samples we have measured.
selection takes place in most boules. This agrees with the prediction fromthe numerical thermal model that was developed for the growth process with The two distributions can be separated by making measurementsradiative and conductive heat transfer included and using a temperature of the FWHM as a function of the x-ray beam width. We will reportprofile similar to that existing in the actual growth furnace. Conditions for on these measurements.
maximizing the fraction solidifying with a slightly convex interface, hence
maximizing the single crystal yield, will be presented.

El.2 PHOTOLUXINEICINCU DETECTION OF NATIVE DEFECTS IN
BULK CRYSTAL GROWNU OF LATTICE-MNTCHED CDZNTU FOR T SOr acz RVGION OF BULK CdTe. P.M. Amirtharai
HZTE UPITAXI, .c i , J. Sepich, D. John, and N.K. Dhar, U.S. Army Center for Night VisionxazNz aiT~x, s Mcevit, J SeichD. ohn and Electro-Optics, Fort Belvoir, VA.II-VI Incorporated, Saxonburg, PA; and A. Sher, A.Raizman, Solid state Physics Department, Soreq High resolution, low temperature photoluminescenceNuclear Research Center, Yavne, Israel. (8-40K) measurements were performed on a series of
Lattice-matched Cd_ Zn Te substrates have been bulk CdTe sampler that were doped with In to a
shown to improve morphology of HgCdTe and HgZnTe density of lx y cm la; the initial referenceepilayers. Currently, Cd 9 Zn Q 4Te, chosen for its surface was obtained by cleaving the crystal in anlattice match to Hg 8Cd2Te,'is widely available inert atmosphere of N2  or Ar and subsequentas a substrate material and has been statistically changes resulting from chemical etches (Br/MeOH,proven to have lower dislocation densities and KOH/MeOH, Na2S O4/NaOH/H20, K2Cr207/HNO 3/H20) and
x-ray rocking curves as compared to CdTe. aging extending over several weeks were

investigated. The major difference between the
HglfZnxTe epilayers, 0.16 < x < 0.19, can be as-cleaved and the other sample spectra is the
la tice matched to CdlxZnxTe substrates, presence of a distinct peak at 1.5896 eV.
0.20 < x < 0.24. Bulk crystal growth of Previous investigations involving annealing
Cd 8 Zn 2 Te is more difficult than Cd 96 Zn 04 Te procedures have assigned this feature to originate
because of its in Cd vacancies. On this basis, it is stronglybegui-f tsincreased tendency to crack during
cooldown. In addition, the segregation suspected that etching and aging lead to a loss of
coefficient of Zn In CdTe limits the lattice Cd from the surface region. The preferential loss
matched portion to approximately 45% of the total of Cd in the near surface region ( 4 50A) due to
ingot. Br/MeOH is a well known phenomena. However, the

current investigation suggests that the effect may
Cd 8 Zn ITe has been successfully grown, extend much deeper and is not particular to
characterized and fabricated into substrates Br/MeOH treatment. Implications of this result in
specially chosen for their lattice match to the formation of electrical contacts, device
HglZnxTe, 0.16 < x :S 0.19. The relatively large properties and the long term stability of CdTe
number of substrates with the same composition and will be discussed.
same quality have provided the opportunity to test
processes of epitaxial growth and annealing of El.5
HgZnTe. Hg annealed epilayers grown on (111)B PHOTOLUMINESCENCE STUDIES IN Zn.Cd).BTe SINGLECdl xZnyTe, 0.24 < x _< 0.20, have shown p-type PR T L. J. IN Dav id .All e sicsaE
conductivity with carrier concentration, carrier CRYSTALS. I. Gonzdl-Hern-dezt, David .Allzd, Physic andmobility and minority carrier lifetime comparable Astronomy, and Center for X-ray Imaging, Brigham Young Univer-
with the best results quoted for HgCdTe epilayers. sity, Provo, UT, 84602; Ellas L6pez-Cruz, Depto. de Fisica, Instituto

de Ciencias, Universidad Aut6noma de Puebla, Puebla, Mkdco and
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Worth P. Allred*, Galtech Semiconductor Materials Corp., Mt. Pleas- Bridgeman-grown CdTe to study the annealing behavior and gettering
ant, UT, 84647. effects of the material. Cathodoluminescence (CL) experiments were

also performed, and the results were consistent with those obtained byThe crystalline quality of Zn1 Cds._.Te single crystais grown by a PL.

modified Bridgman technique with x in the range of 0 _< x < 0.10 was

analyzed using photoluminescence (PL), electrical and optical trans-
mission measurements. A typical PL spectrum shows two groups of CdTe is an extremely useful material for optical devices which require a
emission line: the narrow lines peaking at higher energies attributed to direct bandgap in the near infrared. Bulk CdTe is of interest as a
excition recombination and the broader bands at lower energies which substrate for the epitaxial growth of HgCdTe and for formation of
have been previously ascribed to band-to-acceptor radiative transi- superlattices in combination with other IT-VI compounds. However, in
tions. Emission below the band-to-acceptor transitions, generally as- order to properly control the liquid-phase epitaxial (LPE) growth of
sociated with structural defects in CdTe, were not observed in our HgCdTe on CdTe, a knowledge of the annealing behavior of the CdTe
materials. The analysis of the emission intensity as a function of substrate is essential. It is also necessary to identify and eliminate
both the excitation intensity and the sample temperature was used
to identify the origin of the various lines in the spectra. In the exciton unwanted impurities if the CdTe is to become technologically important
emission region, one sees sharp lines due to free and bound exciton for this purpose.
transitions. Furthermore, emission involving excited states of the free
exciton are observed in our ZnCdl_,Te with x up to 0.05. To our From PL and CL experiments the annealing behavior of bulk CdTe
knowledge, this is the first time that those transitions are observed material was studied. It was found that impurity gettering can occur at
in this ternary compound, regardless of the preparation method. The
latter is a good indication of the high crystalline perfection of the temperatze at which liquid phase epitaxy taks place (5000C). It

materials. Similar to the PL, optical transmissic i and electrical mena- was also found that the optimum anneal time is four hours at this
surements also indicate a high crystalline qualitj of the ZnCdl-,Te. temperature. This gettering of impurities should provide improved
Effects of implantation doping will also be discussed, substrates for epitaxial growth.

tAlso Centro de Investigacidn y Estudios Avanzados del IPN,
07000 Mxico, D.F.

PHOTOPLASTIC BEHAVIOR OF TYPE II-VI SEMICONDUCTORS. T.J

E1.6 Garosshen, C.S. Kim and J.M. Galligan, Department of MetaT-
lurgy and Institute of Materials Science, University of

NONDESTRUCTIVE COMPOSITIONAL AND DEFECT CHAR- Connecticut, Storrs, CT 06269-3136.
ACTERIZATION OF ZnCdTe ALLOYS USING PHOTOLUMINES-
CENCE SPECTROSCOPY. W.M. Dunca, R.J. Koestner, J.H. An interesting phenomenon related to charged dislocations in
Tregilgas, H.-Y. Liu and M.-C. Chen. Central Research Labora- type II-VI semiconductors is the increase in flow stress
tories, Texas Instruments, Inc., Dallas, TX 75265 which occurs when a crystal, which is plastically deforming,

is irradiated with light. This effect is quite large; for
Alloys of ZnCdTe are important substrate materials for growth example, CdS exhibits as much as a 100% increases in flow

of epitaxial thin films of HgCdTe for infrared detector applications, stress when iYradiated with white light with an intensity of
In order to attain close lattice match between ZnCdTe and nominally 0.02 watts/cm
10 urn HgCdTe, alloys containinga few percent of Zn are needed. In
this work, photoluminescence (PL) spectroscopy has been developed The results of experiments on the effects of temperature,
as a nondestructive contactless method for precise determination slip systems, and defect concentration on the extent of the
(+/- 0.002 in X) of ZnTe mole fraction. photoplastic effect and related kinectic behavior, will be

presented for CdS. Measurements of the current associated
Although photoluminescence has been used widely for qualita- with dislocation motion will also be presented, along with a

tive evaluation of I-VI binary and ternary materials, the methodol- discussion of the pertinent mechanism(s).
ogy developed in this work allows quantitative composition measure-
ments to be performed at room temperature. Because of the high In addition, methods of exploiting photoplastic behavior to
spatial resolution obtainable with the method, microscopic as well improve device performance will be presented.
as macros- .ic inhomogeneities can be readily examined. For exam-
ple, micro, cop c PL behavior with micron scale spatial resolution has El .9
een studie . or material with and without Te precipitation. Also,

determination of an effective Zn segregation coefficient for crystais PREPARATION AND CHARACTERISATION OF (ZnTe ),
grown by the horizontal Bridgman method has been possible. (CdSe) -x SINGLE CRYSTALS. V.K.MADHUSMITHA RANI,

R.P. VIJAYA LAKSHMI, D.RAJA REDDY AND B.K.REDDY.
In order to determine the accuracy of these measurements, we DEPARTMENT OF PHYSICS, S.V.UNIVERSITY COLLEGE,

have correlated photoluminescence results to precision lattice con- TIRUPATI -517 502 INDIA.
stant X-ray measurements and to theoretical bandgap versus com-
position behavior. In addition room temperature results have been The t itlematerial is one of the
correlated to high resolution helium temperature PL measurements least studied among II - VI alloy systems. Due
and to transport measurements. From these latter comparisons, it is to auto compensation, so four it has not been
found that room temperature PL lineshapes and intensities provide possible to prepare ZnTe in n-type and CdSe in p-
in addition qualitative insight into impurity and defect properties of type. More over ZnTe crystallizes in Zinc blend
these substrates. A correlation is also found between Te precipitate where as CdSe crystallizes in wurtzite structure.
density and the 1.09 eV defect band intensity at helium temperature. Because of the varied nature of the end

compounds, an attempt has been made to prepare
single crystals of (ZnTe). (CdSe)1.x system in

E1.7 the entire range of 'x'. The alloy material in
GETTERINGEXPERIMENTSONCdTe M.JiIn.K. James, and entire range of composition in the single crystal

I.L. Merz, Electrical & Computer Engineering Department, University form was grown by a modified Piper-Polich method.
The grown crystals of this alloy system have been

Of California, Santa Barbara, CA 93106 subjected to chemical analysis. DTA and DTG
studies carried out on these alloys did not shows

We report the first observation of ion-implantation damage gettering of any phase transit ions. However, two Exothermic
impurities in CdTe to provide better substrates for epitaxial growth or peaks associated with increase in mass were

noticed. This has been attributed to oxidation
for other applications. In this report we describe the results of effects of Se/Te or Cd/Zn. XRD data though
photoluminescence (PL) experiments that were performed on samples of showed some regularity near the end compositions
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there is still some ambiguity for the middle below AE , detectability and significant mid-gap emission
compositions. Energy gap obtained from above 450 C. Thus deep level luminescence techniques are
reflection spectra and also photocurrent spectral sensitive indicators of MBE growth quality and potentially
response showed bowing. However, there is a powerful tools for optimizing growth and processing.
marked different feature at one the end regions.
The growth and the results of all the above
mentioned invest igations are presented and
discussed in this paper. STRUCTURAL AND VIBRATIONAL PROPERTIES OF ZnTe

EPITAXIAL LAYERS GROWN BY MBE. . Petrzzelln , D.
Olego, Philips Laboratories, North American Philips Corp.,

E2.1 Briarcliff Manor, NY; X. Chu and J. P. Faurie, University of

RECENT ADVANCES IN STRAINED WIDE-GAP II-VI Illinois at Chicago.
SEMICONDUCTOR SUPERLATTICES. A.V. Nurmikko,Brown University, Providence RI, R.L. unshot and M.1Kobayashi Purdue University, Lafayette IN, L.A. We have investigated the structural and vibrational properties
Kolodziejski, M.I.T., Cambridge, MA. of ZnTe thin films, grown by molecular beam epitaxy, with

transmission electron microscopy and Raman spectroscopy.

We review recent work in wide-gap Il-VI heterostructures The ZnTe films were grown from a compound source on (100)
with focus on ZnSe/ZnTe, ZnTe/MnTe. and CdTe/MnTe GaAs substrates and have thicknesses in excess of 2 utm. These
superlattices and quantum wells. The ZnSe/ZnTe system layers were studied as a function of growth temperature, T.,
has been studied in the limit of ultrathin layers of one or ranging from 250 to 3500 C.
two monolayers of ZnTe imbedded into ZnSe films or
quantum wells; the electronic properties of such structures
reflect the 'isoelectronic delta-doping' by nearly 2- The structural properties of the GaAs - ZnTe interface and
dimensional arrays of Te strong exciton self-trapping and bulk of the films are similar throughout the range of growth
high radiative efficiencies. A good microsopic temperatures. Misfit dislocations are found at the interface and
understanding of such centers has been obtained through threading dislocations are found throughout the bulk of the
steady-state and transient spectroscopies. ZnTe. The ZnTe films displayed a pronounced difference, how-

ever, in the structural properties of the near surface region as a
ZnTe/MnTe and CdTe/MnTe heterostructures have f,,nction of growth temperature. The films grown at T > 300

been prepared as single quantum wells (SQW) with ' show precipitates, with dimensions of about 500 A ig width,
relatively thin (<40A) MnTe barrier layers. While bulk embedded in the ZnTe lattice and associated with the threading
MnTe crystallizes in the hexagonal layered (NiAs) form, dislocations. The precipitates are crystalline Te as determined
its pseudomorphic growth in the zincblende form has been by energy dispersive x-ray analysis and electron diffraction. In
realized in these structures. As one consequence, the high resolution micrographs of the ZnTe - Te precipitate inter-
optical gap of MnTe increases from approximately 1.3 eV faces some degree of coherency exists. The chemical nature of
to 3.2 eV. The SQW's exhibit strong electronic the precipitates is confirmed by the appearance of strong Te
confinement; CdTe/MnTe, for example, shows optical modes in the Raman spectra. The Te modes are shifted to
emission up to about 2.0 eV while bulk CdTe bandgap is higher frequencies due to tensile strain as a result of the lattice
at 1.6 eV. Photoluminescence and resonant Ramantechniques have been used to elucidate the electronic and mismatch with ZnTe. In addition to the Te precipitates there
otchial s h venbstesd tog excit- thn eectonic n iwas a very thin film = 50 A over the entire surface of the ZnTe.optical phonon states. Strong exciton-phonon coupling, isTh s l y r w s f u d t be pi a a nd av a sm l rl t icin evidence. Magneto-optical methods have yielded partial This layer was found to be epitaxial and have a smaller lattice
insight to the question of interface coherence and parameter than the ZnTe by high resolution microscopy. The
magnetic ordering in these highly strained chemical nature of this film is under investigation. The precipi-heterostructures, tates and thin film formation are avoided when the films aregrown with substrate temperatures < 2750C. In light of this
Research supported by DARPA, ONR, and NSF temperature dependence we conclude that the Te diffuses

through the film and precipitates near the top surface at higher
growth temperatures. This process appears to be facilitated by

E2.2 threading dislocations present in the bulk of the film.

DEEP LEVEL LUMINESCENCE MEASUREMENTS OF MBE CdTe
GROWTH QUALITY AND PROCESSING. I. L. Shaw and L. J. E2.4
Brillson, Xerox Webster Research Center, Webster, NY 14580; HIGH RESOLUTION AND ANALYTICAL ELECTRON MICRO-
and S. Sivananthan and J. P. Faurie, University of Illinois at
Chicago, Chicago, IL 60680 SCOPY OF MULTLAYER -ETEROEPITAXIAL SEMICON-

DUCTORS. H-. KId*, W.J. Hamilton**, W.L Ahlgren**, S.M.
We have used luminescence spectroscopies to characterize the Johnson**, M. Rohle*; *=UCSB, Materials Dept., Eng. III, Santa
deep levels within MBE-grown CdTe epilayers as a function of Barbara, CA; and **=Santa Barbara Rescarch Center, Golea. CA.
growth and subsequent processing conditions. Clear
differences in deep level emission energies and intensities are Development of thin-film epitaxial layers on silicon substrates is being
evident as a function of growth orientation, temperature, and
Te background pressure. We have also investigated the effect actively pursued as an alternative to bulk substrates for potential
of Br-methanol etching and subsequent thermal desorption of improvements in size, strength, monolithic signal processing, and cost of
excess Te on the deep level emission. Photoluminescence (PL) infrared detectors. This study has investigated the structural and chemical
spectra of etched CdTe surfaces measured at 80 K in ultrahigh properties of films of CdTe I CdZnTe grown on GaAs/Si wafers by metal
vacuum (UHV) after thermal desorption are sensitive to crystal organic chemical vapor deposition (MOCVD) followed by the growth of
surface stoichiometry. Auger electron spectra (AES) show that HgCdTe by liquid-phase epitaxy (LPE). Key to the success in achieving
Br-methanol etching in a N2 atmosphere produce surfaces free
of C and 0 but rich in Te. PL spectra after Te desorption at high quality transmission electron microscope (TEM) images of these
250 C exhibit a sharp, intense band edge - Ak characteristic of multilayer structures was the development of a specimen preparation
clean surfices with minimal band b . ng/surface states. method that provides a great deal of rigidity and strength during
Unlike UHV-cleaved surfaces of commer,.al bulk-grown CdTe, mechanical and ion thinning.
the cleaned (100) MBE surfaces show very little emission below
the band edge (1.55 eV), indicating the relatively high quality Using TEM with ancillary analytical methods, parallel electron energy-
of the MRE-grown epilayer. Exposure of the films to a 1 kV
electron . earn virtually eliminates the near band edge loss spectroscopy (PEELS) and energy-dispersive x-ray spectroscopy
emission and introduces new mid-gap spectral features. (EDS), a number of observations have been made. Low magnification
Further heating undamaged MBE films produces changes in images show broad area relationships of the layers and structural defects.
near band edge emission lines due to stoichiometry changes High resolution imaging of cross sections of the multilayers shows a
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number of phenomena: most of the heteroepitaxial misfit is relieved by E2. 7
misfit dislocations at the interfaces; many stacking faults and threading THICKNESS MEASUREMENT OF THIN FILMS BY X-RAY ABSORPTION.

dislocations propagating across the films appear to be related to interface J. Chaudhuri and S. Shah, Mech. Engr. Dept., The Wichita
structural anomalies; there is some evidence of contamination at State University, Wichita KS 67208.
interfaces, but interface defects mainly appear to be extremely minute pits
or hillocks. EDS and PEELS investigations of interface regions have An X-ray diffraction method is described for determining

thicknesses of thin films grown on single crystal sub-
demonsatedaedismbution of material close tointerfaces, strates. The equations, based on the kinematical theory of

X-ray diffraction and a mosaic crystal model, were develop-
E2.5 ed. The thickness of the thin film was computed from theabsorption of the integrated.diffracted X-ray intensity
SOLUBILITY OF IMPURITIES AND DEFECT IMPURITY INTERACTION from the single crystal substrate dua to double traverse
IN II-Vt SEMICONDUCTORS. Yves Marfaing, Laboratoire through the film. Since the diffracted intensity from the
de Physique des Solides de Bellevue, CNRS, Meudon, France. film is not required, the film does not have to be single

Impurity doping in 11-VI semiconductors is characterized crystal in nature. Thus, thicknesses of less ordered, poly-
bpy ospings :intite s onuciltyors isclctrizy crystalline or even amorphous films can be measured withby two aspects :limited solubility of electrically high precision by this technique.

active impurities, strong interaction of impurities

with native defects. Examples are found in the whole

range of materials from narrow band gap alloys (CdHgTe) E2.8

b to wide band gap compounds (QnTe, ZnSe) : net donor TILT GROWTH OF CdTe EPILAYERS ON SAPPHIRE
or acceptor concentration is at most equal to a few

1018 cm"3 while, in extreme cases, self compensation SUBSTRATES BY MOCVD. Kenii Maruyama, Hiroji Ebe,
of impurities prevents conversion of conductivity type. Yoshito Nishijima, and Koji Shinohara, Fujitsu[ Laboratories Ltd., Atsugi, Japan.

First the specific properties of the 1I-VI semicon-

ductors at the origin of the observed effects will be
discussed : energies of formation and migration of We have evaluated the characteristics of CdTe epitaxial
defects, position of the associated electronic levels, layers grown on sapphire substrates by MOCVD. Tilt
energy of mixing with foreign elements, growth of the CdTe epilayers with respect to vicinal

Then in the light of that analysis the particular aspects surface sapphire substrates were observed. We used

presented by the methods of growth at low temperature sapphire substrates with offset angles of 1-30. We
(MBE, MOCVD) will be considered, measured the angular differences between epilayers and

substrates with double crystal X-ray diffraction. TheFinally the problem of impurity incorporation under direction of tilt of CdTe epilayers correspond to the
non-equilibrium conditions will be addressed. One process

is ion implantation followed by rapid thermal annealing, offset directions in sapphire substrates. A representative
Another interesting phenomenon is related to the change tilt angle in a CdTe epilayer shows 2.78, which is larger
in the charge state of defects caused by excess charge than the offset angle of 1.750 in the sapphire substrate.
carriers. This could possibly lead to photo-induced In addition, the tilt of the epilayers is proportional to the
doping. offset of the substrates and is inversely proportional to

E2.6 the thickness of epilayers. A 5 gim-thick epilayer has no
tilt.

MOCVD GROWTH OF Cdl .yZnyTe EPITAXIAL LAYERS USING A
VERTICAL FLOW/HIGH-SPEED HORIZONTAL ROTATING DISK
REACTOR. W.L. Ahlgren, S. M. Johnson, W. J. Hamilton, and A. Szilagyi, Cross-sectional Transmission Electron Microscopy
Santa Barbara Research Center, Goleta, CA 93117; G. S. Tompa and P. D. observation showed lamella-twinned regions in CdTe
Reinert, EMCORE Corp., Somerset, NJ 08873; C. K. Ziegler and W. J. Lick, epilayers near the CdTe/sapphire interface. The FWHMs
University of California, Santa Barbara, CA 93106. in (331) diffraction are lower than those in (333)

Cd.yZnyTe grown epitaxially on GaAs or GaAs/Si is a substrate material diffraction in I gm-thick epilayers. Thus, the interface
foi . gl-xCdxTe thin film growth. For this application, the crystal lattice regions are distorted in the thin epilayers. The 3.8%
perfection and alloy compositional uniformity are of primary importance. lattice mismatch in CdTe/sapphire heteroepitaxy is
Superior compositional uniformity should be achieved in a vertical flow/high- accommodated by the tilt of the epilayers.
speed horizontal rotating disk reactor, for which the substrate surfaces are
uniformly accessible (heat and mass transfer rates are uniform over the E3. 1
radius of the disk). Using such a reactor, a parametric study of Cdl .yZn Te
deposition on GaAs and GaAs/Si substrates has been carried out. The NOVEL APPROACHES TO DOPING OF I.VI COMPOUNDS
parameters varied were reactant concentrations and substrate lemperature. GROWN BY MBE. Maria C. Tamargo, BELLCORE, 331 Newman
In addition, a variety of substrate orientations and pro-growth cleaning Springs Road, Rad Bank, New Jersey.

procedures were used. Layer characteristire to be oresented include alloy Doping of U1-VI compounds has been an obstacle for the realization
composition and uniformity, Ga and As conri.,,, crystal lattice perfection, and of semiconductor devices made from these materials. The occurrance
surface morphology. Alloy composition and uniformity are determined by of self compensation usuasly limits the levels of doping that can be
mapping the bandgap and lattice constant using photoluminescence and x-ray acieved and restricts the doping to only one type. ZnSe, for
techniques. Profiles of Ga, As, and other impurities in the CdZnTe layers are ezample, can be made n-type but it has been virtually impossible to
derived from SIMS measurements. Crystal lattice perfection is established be doped p-type. Thus, recently, novel methods to affect the dopant
using x-ray and electron beam techniques, including TEM (high-resolution cross- incorporation have been developed which have led to specific
sectional lattice imaging) and SEM (cathodoluminescence and electron beam suecesses in some material systems as well " to new insight into the
channeling). Surface morphology is assessed on the basis of micrographs and general problem. Two of the" methods, which involve molecular
haze measurements derived from a light-scattering technique. These layer beam epitaxy (MBE), are the light assisted doping method developed
attributes will be correlated with growth parameters using response surface by Bicknell, et al, and the planar doping method developed by
methodology. The growth experiments were carried out following a Central deMiguel, et al. In the first, by irradiating the sample with light

Grcwth rate and composition uniformity will be compared during MBE growth, the Incorporation process for both the n-typeComposite design. mownthat compsitonvective ar d the p-type dopants in CdTe was modified to obtain higher carrier
against a computer model that combines convective-diffusive transport of concentrations and reduced deep level emission in
reactants (including buoyancy effects) with the assumption of thermodynamic photoluminescence. Well behaved p-n junctions in CdTe have been
equilibrium at the growth interface.
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made by this method. In the second, by incorporating the Ga dopant E3.4

in spatially separated sheets deposited on a particular ZnSe surface DEPOSITION OF ZINC SELENIDE BY ATOMIC LAYER

termination, higher doping levels and reduced deep level emission EPITAXY FOR MULTILAYER X-RAY OPTICS. J_ Kevn
were also obtained for n-type ZnSe. These two recent breakthroughs Shurtleff. David Allred, Raymond Perkins, and
are now in the early stages of understanding. Models are being James Thorne, Brigham Young University
developed which point to exciting new directions in which to Departments of Chemistry and Physics, Provo, UT

approach the issue of doping and self compensatofl In -VI 84602.

compounds. We will review these results and extract some ideas
about the general processes involved. We will use these concepts to Atomic layer epitaxy is a chemical vapor
discuss recent results we have obtained in the doping of ZnSe with deposition technique which deposits a single
As to produce acceptors in ZnSe. layer of atoms during each process cycle. The

thickness of a film deposited by atomic layer

E3.2 epitaxy depends on the number of process cycles
and is independent of other process parameters.

MOCVD GROWTH AND DOPING OF ZnSe AND RELATED I- The precise thickness control possible with

VI MATERIALS. H. Kukimoto, Imaging Science and Engineering atomic layer epitaxy makes it an excellent
Laboratory, Tokyo Institute of Technology, 4259 Nagatsuda, Midori-ku, technique for producing multilayer x-ray optics.
Yokohama 227, Japan

The theory of atomic layer epitaxy suggests that
Recent progress in metalorganic chemical vapor deposition (MOCVD) of a single layer of atoms is strongly bound to the
wide bandgap I-VI materials, especially of ZnSe, ZnS and their alloys, is substrate by chemisorption during each process
reviewed with emphasis on the general principles for obtaining uniform cycle. Atoms which are weakly bound by
and high quality epitaxial layers and the current major issue ofconductivity physisorption are removed during the purge step
control. between cycles. A better understanding of atomic

layer epicaxy requires examination of the

The surface morphology and crystalline quality can be improved by a chemisorption and physisorption of atoms.
suitable choice of source materials and by lattice-matching the epitaxial
layer to the substrate. Photo-assisted growth is effective for a remarkable We have designed and built an atomic layer
reduction of the growth temperature. epitaxy system which will allow us to observe

the chemisorption and physisorption of atoms

By using appropriate sources, high conductivity n-type epitaxial layers of during deposition. With this system we have
ZnSe and ZnS doped with impurities from group I and VII of the deposited ZnSe layer pairs from diethyl zinc and
periodic table have been successfully grown by low temperature MOCVD. hydrogen selenide.

We have also grown p-type ZnSe layers with carrier concentration
ranging from low 1010 to high 1017 cm- 3 using LiN3 as the dopant. E3.5
Extensive studies are now focussed on the better p-type control. High Optimized MIS characteristics of as-grown epitaxial
purity source materials, appropriate p-type dopants and low temperature ZnSe/epitaxial GaAs heterostructures 3. Qiu. -D. Oian.
growth are important keys. M. Kobayashi. R. L. Gunshor, D. R. Menke, D. Li. and N. Otsuka.

E3.3 Purdue University. West Lafayette. Indiana. 47907 USA

GROWTH AND DOPING OF ZINC SELENIDE BY MOLECULAR BEAM
EPITAXY. Ji..a2ftfXd H. Cheng, M.A. Haase, and J.E. Pseudomorphic ZnSe layers have been grown on GaAs epilayers

Potts, 3M Company, St. Paul, MN. and nearly ideal C-V profiles have been observed from the

Zinc selenide (ZnSe) has long been recognized as a epilayer/epilayer MIS structure. in .3ur previous work, a post-

potentially useful compound for the fabrication of growth annealing procedure was required to achieve the desired

short wavelength (460 tim), solid-state, light-emitting C-V characteristics. In this report, the nearly ideal C-V
devices. Even though it has been identified as a
technologically important material and a great deal of characteristics were obtained from as-grown samples without the

research has been devoted to it, development of necessity of a post-growth annealing. In a series of experiments.
practical devices from ZnSe has not ensued. The major the surface stoichiometry of the GaAs epilayers was
obstacles which hindered progress with :nSe were
difficulties in producing large, high quality crystals systematically modified prior to the nucleation of ZnSe. The

and in controlling the doping of this wide bandgap various GaAs surfaces were characterized by RHEED
semiconductor. reconstruction patterns. TEM was used to observe differences in

Recently, with the advent of thermal nonequilibrium the microstructure of the interfaces corresponding to the various

growth techniques like molecular beam epitaxy (MSE) nucleation conditions. Starting with a (2x4) surface, the
and metalorganic chemical vi por deposition (MOCVD),
great progress has been made in overcoming some of the electrical ciaracteristics improved as the GaAs surface became

problems traditionally encountered in the growth and increasingly Ga rich. Such as-grown MIS structures exhibited
doping of ZnSe. Breakthroughs have been made in
several areas including tile deposition of high quality an integrated interface state density of less than 4x011cm2

undoped films, with intentional n-type doping and, which is comparable to the interface state densities reported for
most significantly, with p-type doping. In our the (AI.Ga)As/GaAs interface. No hysteresis and very little
presentation we will review some of the recent
progress made by various workers in the MBE growth and frequency dispersion was observed in the C-V curves.

doping of ZnSe epitaxial films.

In addition to describing contributions made The research was supported by DARPA/ONR URI contract N00014-

elsewhere, we will discuss some recent results 86-K0760, and AFSOR grant AFOSR-85-0185.
obtained in our labs on the MBE growth of ZnSe. We
will describe our production of low resistivity p-ZnSe E3.6
films by Li doping and will discuss the junction
characteristics and electroluminescence obtained from PSEUDOMORPHIC ZnTe/ASb/G.Sb: GROWTH AND
ZnSe pn junctions. Finally, we will describe some CHARACTERIZATION D.L. Mathine, 3. Ha,
problems which we feel are limiting the performance of
our ZnSe light emitting diodes and the approaches M. Kobayashi, R. L. Gunahor, D. R. Menke, and M. Vasiri
which may be used to overcome these problems. (Elect. Eng., Purdue Univ.), J. Gonsalves, and N. Otsuka,

(Materials Eng., Purdue Univ., West Lafayette, IN 47907),
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Q. Fu, L Hagerott, and A. V. Nurmikko (Division of Eng., at atmospheric pressure, sublime prior to melting. From

Brown Univ., Providence, RI 02912). the observation of the surface morphology, specifically
the twinning structure, we have determine that meltingand re-crystallization can be obtained. Specifically, we

A wide band-gap light emitter has many potential opto- can obtain this at atmospheric pressure, without use of
electronic device applications. Computer simulations indicate an ecapsulating layer. Another important question is
that the p-ZnTe/n-ASb interface appears favorable for the whether laser annealing can lead to the desired non-
injection of electrons into ZnTe. As a means of achieving this equilibrium impurity incorporation. To check this, we

objective, ZnTe epitaxial layers have been grown on GaSb sub- have ipvestigated Na doped ZnSe, since it has been pre-

strates, GaSb epitaxial layers, and on pseudomorphic dicted that for amphoteric impurities, such as Na, high

A!Sb/GaSb epitaxia heterostructures. ZnTe nucleated on GaSb temperatures would favor the substitutional (acceptor)
location vs. the interstitial (donor) one. The evidence

substrates shows a three-dimensional behavior while ZnTe from donor-acceptor pair (DAP) spectra shows that there
nucleated on epitaxial layers of either GaSb or AISb has a two- does not appear to be appreciable site transfer of this

dimensional characteristic. The two-dimensional nucleation is type at the lower laser power levels, even where re-

confirmed by RHEED intensity oscillations. The microstructural growth is obtained. However, the higher power levels do

quality of these epitaxial layers has been examined using TEM give Indications of such transfer.

and x-ray rocking curves. Free exciton related features have 1. G.F. Neumark, J. Appl. Phy.s. 5_, 3383 (1980).
been observed in the photoluminescence of both thick (strain
relaxed) and pseudomorphic ZnTe epilayers. Doping and tran-
sport experiments involving ZnTe, AlSb, and GaSb grown on E4.3

SI-GaAs substrates will be discussed. Hall data shows p-type PLASMA-ASSISTED EPITAXIAL GROWTH OF ZnSe FILMS

carrier concentrations as low as 8.5xi014 cm - 3 for undoped IN HYDROGEN PLASMA

ZnTe epitaxial layers. Satoshi Yamauchi, and Takashi Hariu, Department
of Electronic Engineering, Tohoku University,
Sendai 980, Japan

This research was supported by DARPA/ONR URI contract

N00014-86-K0760, AFOSR-85-0185 grant, (NSF)-vlRG grant The advantaces of plasma-assisted epitaxy (PAE)

DMR-8520866, and NSF equipment grant ECS-8606241. are low temperature epitaxial growth and effi-
cient doping among others. The epitaxial growth
of ZnSe on GaAs substrates was realized above

E3.7 200 0C in hydrogen plasma. Although the grown

TRANSMISSION ELECTRON MICROSCOPY OF II-VI/I.V layers are characterized with strong exciton

SEMICONDUCTOR INTERFACES. D. Li N. Otsuka, M. emissions in photoluminescence at 4.2K, it was

Kobayashi, R. L. Gunshor, L. A. Kolodziejski, Purdue University, found the quality of ZnSe films is sensitive to

W. Lafayette, IN 47907. plasma conditions, particularly to hydrogen gas
flow rate. The dominant exciton emission

At present, great efforts are directed to the development of new changes from donor-bound exciton emission

electronic and optical devices utilizing I.VI/III.V semiconductor 12) to free exciton emission (Ex) as hydrogen
heterojunctions. The most important step for achieving this goal is gas flow rate is increased. Hydrogen plasmas
the preparation of high quality interfaces having low interface state mixed with about 2% HCl and N2 respectively

densities. In the present study, atomic structures of ZnSe/GaAs resulted in highly conductive (610nlcm
-1 ) n-

and CdTe/InSb interfaces have been analyzed in order to type layers and nitrogen-acceptor (acceptor

investigate the structural mechanism of accommodation of valence level^l100meV) doped layers. The electrical con-
mismatch at these interfaces. Samples of pseudomorphic I-VI ductivity of n-type films can be well controlled
epilayers grown on Im.V epilayers by MBE were observed by by the content of HC1 in H2 . Nitrogen-acceptor
cross-sectional TEM. HREM images show coherent lattice doping can be achieved only in the H2+N 2 mixed

structures of the interfaces, but dark bands with thicknesses of a plasma, but not in non-excited H2+N2 mixed gas
few monolayers appear along the interfaces in these images. flow. The photoluminescent properties of

Interfaces appear as bright lines in dark field images of 200 type nitrogen-acceptor doped films depends not only
reflections, while dark field images of 400 type reflections show upon the content of N2 in H2 but also upon the

dark contrasts at the interfaces. These observations are explained Se/Zn supply ratio and rf power applied to ex-

by the existence of very thin interfacial layers of II12VI3  cite the plasma. Optical emission spectroscopy

compounds (Ga 2Se3, In 2Te3) whose cation sublattices have employed for plasma diagnosis detected SeN which
structural vacancies resulting from the valence mismatch of is produced by the reaction between N1 and Se

constituent elements. Based on the result, effects of growth and or SeH, and which can be responsible for effec-
annealing conditions of the interface atomic structures are tive nitrogen doping.
discussed.

E4.4
E4.1 ABSTRACT NOT AVAILABLE EFFECT OF Se PRECURSORS AND PROCESSING CONDITIONS

ON OPTOELECTRONIC PROPERTIES OF ZnSe GROWN BY
E4.2 MOVPE. Konstantinos P. Giapis, AT&T Bell Laboratories, 600

SURFACE MORPHOLOGY AND PHOTOLUMINESCENCE SPECTRA OF ZnSe Mountain Ave., Mu.Tay Hill, NJ 07974, and Klavs F. Jensen,
AFTER EXCIMER LASER ANNEALING. C G.F. Neumark, Department of Chemical Engineering, Massachusetts Institute of

Z. Lu, P.R. Newbury, and C.F. Yu, Columbia University, Technolo .,CambridgeMA 02139.

New York, NY; B.J. Fitzpatrick, M. Shone, A. Sicignano,
Philips Laboratories, Briarcliff Mno, NY. The growth of ZnSe on (100) GaAs substrates by low pressure

It is generally known that good bipolar conductivity has organorrietallic vapor phase epitaxy (MOVPE) was investigated in a

not been obtained in any wide-band-gap semiconductor due vertical downflow reactor. Dimethylzinc (DMZn) was used as the Zn

to problems such as self-compensation and solubility. source while four selenium sources were employed: diethylselenide

Thus non-equilibrium impurity incorporation is required. (DESe), methylalyl selenide (MASe), diallylselenide (DASe), and

It is well known that lasers, and particularly excimer hydrogen selenide (H2 Se). H2Se produced material with excellent

lasers, provide a convenient approach toward achieving electrical properties and photoluminescence (PL) characteristics.

this. We have therefore tested such lasers on ZnSe. One Diethylselenide always produced highly resistive films but the PLti.e aeteeoeete uhasronne.Oe spectra indicated low impurity incorporation. The use of
concern regarding compound semiconductors is dispropor- sethadia ted il croraon. husef
tionation, particularly for materials such as ZnSe which, methylallylselenideresultedinheavilycarbon cotamnmedZfSeflms.
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A lower growth temperature was needed with DASe and improved PL of insulating ZnS have been employed as an inter-level metal dielectic
characteristcs were obtained in comparison to results from MASe. for advanced multilevel metalizion device processing.

Growth with H2 Se produced material with very weak deep level Epitaxial layers of HgCdTe have also been grown onto selective areas of
emission in both the 300 K and the 9 K photoluminescence spectra. (100) CdTe substrates at 125*C. The 125 lim square mesa structures
With increasing growth temperature, the dominant donor-bound are typical dimensions for infrared detector elements, which can now be
excitonic emission (Ix) was seen to decrease in intensity and the free formed without chemical etching. In addition, 10 lim stripes composed
exciton became the dominant emission. Selectively-excited of HgTe-CdTe superlattices have also been selectively grown by photo-
photoluminescence revealed chlorine to be the main donor impurity assisted MBE using the new selective-area deposition techniques
associated with the Ix. The optoelectronic properties deteriorated at developed at NCSU.
higher growth temperatures (>350*C). This coincided with a dramatic
increase in the intensity of the Yo peak, attibuted to complex dislocation *Work supported by NSF grant DMR-88-13525 and DARPA contract
tangles and other strctural defects. DAAL03-86-K-0146.

The effect of nitrogen impurities in ZnSe were investigated by NH 3  E4.7
doping. Besides incorporating nitrogen into the films, the addition of
NH3 had the advantage of elimnatng hillock formation. The nitrogen SPATIAL LIGHT MODULATOR USING A CdS THIN FILM
incorporation produced a shallow acceptor-bound exciton which PHOTOCAPACITOR. Joseph Reichman, Corporate Re-
dominated the near-band-edge PL emission spectra. search Center, Grumman Corporation, Bethpage,N.Y.

We have developed an optically addressed Spatial
E4.4A Light Modulator (SLM) that uses a thin film of
GROWTH OF ZnSSeI- 2  BY MBE USING AN CdS as the photosensor and a liquid crystal as
ELECTROCIEMICAL SULPHUR SOURCE. J.,allace, K. Prior, the electro-optic material. The device spatially

B. Cavenett, J. Hunter, S. Adams and M. Haines, Department of and temporally modulates a read light beam in ac-

Physics, Herot-Watt University, Edinburgh, U.K. cordance with a write light beam. Switching of an
applied AC voltage to the liquid crystal layer

in this paper we describe the use of an electroc ical sulphur cell takes place when the CdS is illuminated with

to grow ZnSSel-x alloys on GaAs substrates. The cell u the photons of energies greater than its bandgap.

Ionic transport of AS ions in A 2S to produce a sulphur flus which The required high dark impedance is achieved by

depends on the applied voltage and the advantages and disadvantages the creation of a depletion region in the CdS

of this type of solid state source will be discussed. In particular, thin film by surface acceptor states. This is in

results will be given showing the use of the cell to produce lattice contrast to previously reported work on optically

matched material with x = 0.055 which has been characterized by addressed SLM's where the high impedance deple-

photoluminescence, Raman and X-ray measurements. We also tion region is created by a Schottky barrier or

demonstrate the versatility of the cell for fabricating p-n junction structure.The complex impedance as a

znSxsel..ansysey mutilayers as well as more complex profiles. function of frequency and illumination was
determined. Analysis of tae results indicate
that the reduction in impedance with illumination

E4.5 is due to shrinkage of the depletion width with
the resultant change in capacitance. This is at-

ALE/MBEGROWTH ANDCHARACTERIZATIONOFZN- tributed to capture of photogenerated holes by

CHALCOGENIDESUPERLATTICESTRUTRES(INVED). deep acceptor states and forward biasing due to

T. Yao, M. Fujimoto, H. Izumiya, H. Tanino, and Y. Okada, the generated photovoltage.
Electrotechnical Laboratory, Tsukuba, Ibaraki 305, Japan. The SLM displays photoelectrochemical cell char-

acteristics. A photovoltage, dark rectification,
This paper will report the ALE/MBE growth of Zn- and a photocurrent proportional to the illumina-

i tion intensity was obtained. Photoluminescence
chalcogenide superlattice structures including ZnSe/ZnTe and transient photocurrent measurements were
and ZnS/ZnSe systems. Structural and optical found consistent with an acceptor surface state
characterization of the superlattices using RHEED "in situ" model for the CdS thin film.

observation, X-ray diffraction, Raman scattering, and
photoluminescence techniques will be reported. E4.8

PHOTOLUMINESCENCE PROPERTIES OF GRADED COMPOSITION
E4.6 MgxZn1 _xSe CRYSTALS. H. J. Lozykowski, Ohio University;

X. D. Tiang, University of Hellongjian, Harbin, PRC; J. L.
SELECTIVE-AREA DEPOSITION OF METALS. PASSIVANTS, Merz, University of Calfiornia, S. Barbara.
INSULATORS, AND EPITAXIAL FILMS OF I-VI COMPOUND
SEMICONDUC'ORS.*
D.LJ2MjfU, Department of Electrical and Computer Engineering; Y. The photolumlnescence properties of MgxZnl-xSe solid solu-
Lansari, J.W. Han, J.W. Cook, Jr. and JF. Schetzina, Department of tion grown on ZnSe substrate by a closed solid-state dif-
Physics, North Carolina Sta: University, Raleigh, NC 27695-8202 fusion technique have been investigated. The depth

profiles of the diffusion region (were determined with an
11-VI semiconductor surface passivants, insulators and epitaxial layers electron probe microanal izer) shows well distinguish sur-
have been deposited onto selective substrate areas by employing new face layer and thick graded layer. The PL. spectra of
masking and lift-off techniques. The H-VI layers were grown by either MgxZnl-xSe side of the sample excited with a wide range of
conventional or photoassisted molecular beam epitaxy (MBE). Low excitation energy shift the edge emission band toward
resistance, unannealed ohmic contacts to wide-bandgap p-type CdTe longer wavelengths with decreasing excitation energy. The
have also been realized through the use of selectively-placed thin films experimental observation are discussed on the basis of the
of the semi-metal HgTe followed by thermal evaporation of indium. funnel shape band-gap of the graded MgxZnl-xSe crystal.
CdTe, considered a prime candidate for the surface passivation of The edge emission spectrum was found to shift toward the
HgCdTeduetoitscloselattice-match, has been selectively-deposited as shorter wavelength with electric field applied parallel to
5 I thick rings with outer diameters in the range between 20 pm and the compositional gradient of MgxZnl-xSe-ZnSe heterostruc-
100 pminouerdameeron(00)orientedCdTesubsues. ture. It is concluded that hole transport in the grade-

band-gap regions cause by the effective electric field is
Room temperature layers of insulating ZnS, deposited onto the active responsible for the spectral shifts.
te region between the source and drain, have been used to success-
y fabricate MIS field-effect transistors from HgCdTe. Thicker layers
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E5.1 E5.3
ATOMIC LAYER EPITAXY OF WIDE BANDOAP II-VI COMPOUND STRUCTURAL AND ELECTRICAL CHARACTERIZATION OF
SEMICONDUCTOR SUPERLATTICES. 1.Konagai, Y.Takemura, CdSe THIN FILMS. Miltiadis K. Hatalis, Fuyu Lin. Lehigh
R.Kimura, N.Teraguchi and K.Takahaahi; Tokyo Institute University, Bethlehem, PA; and Michael R. Westcott, Litton
of Technology, Meguro-ku, Tokyo, JAPAN Systems Canada, Rexdale, Ontario, Canada.

ZnSe, ZnTe thin films and ZnSe-ZnTe strained layer
superlattices(SLS) have been successfully grown by We have studied the structural and electrical characteristics of 25
atomic layer epitaxy(ALE) using molecular beam epitaxf. nm thick undoped and indium-doped CdSe films deposited on
The ideal ALE growth,i.e., one monolayer per cycle by glass substrates. Transmission Electron Microscopy has revealed
opening and closing the shutters of the constituent that the as-deposited films are microcrystalline with a grain size
elements, was obtained for ZnSe and ZnTe over a range -10 rm. Distinctively different grain growth has been observed
of substrate temperatures 250-350C and 240-280* C,
respectivel. The surface morphology of ALE-ZnSe grown in the doped and undoped films after thermal annealing. Grain
under optimized conditions was very specular without growth in the undoped CdSe was found to stop when the
an- structures. However, for ZnTe, it was found that average grain size became equal to the film thickness.
precise control of the Te beam intensity is essential
to eliminate hillocks. (ZnSe)m-(ZnTe)n (m,n=1-4) SLSs Enhanced grain growth has been observed in the indium doped
were grown by ALE. The PL intensity of the SLS grown by CdSe. In contrast to undoped films, grain growth in doped CdSe

b ALE is more than ten times greater than that of the SLS is not limited by the film thickness but depends primarily upon
grown by the conventional MBE method. In this paper,
optical properties of these SLSs will be reported in annealing time and temperature. An average grain size larger
detail, than the film thickness has been achieved. Furthermore, an
ZnS and ZnSe were also prepared b- ALE using abnormal grain growth resulting in grains with sizes much
metalorganic molecular beam epitax-(MOMBE). Diethyl- larger (>20X) than the film thickness has been observed. The
zinc(DEZn), diethylsulfer(DES) and diethflselenium density of these grains, their crystal structure and TEM
(DESe) were used as source gases for Zn, S and Se. The observations of in-situ annealed films will be discussed. The
pyrolysis of DEZn, DES and DESe was carried out. The possibility of obtaining large area single crystal CdSe will also be
ALE growth of ZnSe was achived at substrate possnnl
temperatures between 250-300"C which are about 150 C discussed.
lower than those in conventional MOMBE. Under optimum
growth conditions, the surface of ZnSe were very The channel resistance of the indium doped CdSe for various
specular without any structure. The preparation of ZnS- electrode spacings was characterized. After annealing the
ZnSe SLSs by MOMBE-ALE will be also reported. resistance decreased for short (<25 gm) electrode separation

whereas it increased for larger ones. Possible explanations of our
E5. 2 results will be presented.
GROWTH OF LATTICE-MATCHFL ZnSe-ZnS STRAINED-LAYER SUPER-
LATTICES ONTO GaAi AS AN ALTERNATIVE TO ZnSSe ALLOYS: E5.4
H.Oniyama, S.Yamaga and A.Yoshikawa
Faculty of Eng., Chiba University U.S. POLYCRYSTALLINE THIN FILM SOLAR CELL

PROGRAM. Un S.J1ll, Kenneth Zweibel and Richard L.
e Mitchell. Solar Energy Research Institute, 1617 Cole Boulevard,

This paper describes the results on the first attempt Golden, CO 80401
to fabricate misfit-dislocation-free epi-layers of a
wide bandgap II-VI semiconductor on GaAs by utilizing the Substantial technical progress has been made in polycrystalline thin
ZnSe-ZnS strained-layer superlattice (SLS) structure. film solar cells in the past year. Two materials that have been

ZnSe layers are usually grown on GaAs substrates, since investigated extensively for solar cell applications are copper indium

"substrate-grade" ZnSe bulk crystals can not be obtained. diselenide (CIS) and cadmium telluride (CdTe).
Lattice-mismatch between ZnSe and GaAs causes misfit-
dislocations which deteriorate the quality and electrical In the area of CIS, dramatic improvements have occurred in both
properties of the ZnSe layers. In order to control the high efficiency and long-term reliability. For laboratory devices,
properties, especially to obtain low-resistive p-type 14.1% efficiency has been reported for CIS solar cells. For solar
layers, a precise lattice-matching between the epi-layers power modules, a world record aperture area efficiency of 8.5% and
and GaAs is required. We propose here a new idea that ZnSe- a module output of 33.8 watts has been verified at SERI for
ZnS SL.Ss can be an alternative to the lattice-matched ZnSSe modules of 1 ft x 4 ft. Outdoor reliability testing of CIS modules
alloys, exposed to natural sunlight for several months have also

SLSs consisting of 200A-ZnSe and 1A-ZnS layer in one demonstted no degradation.
period, which were theoretically estimated to be lattice-
matched to GaAs, were grown on GaAs by metalorganic Rapid advances have also been made by HI-VI based solar cells and
molecular beam epitaxy. In the SLSs, the ZnSe well-layers related alloys. In the case of CdTe solar power modules, aperture
are mch thicker than the ZnS barrier-layers, resulting in area efficiency of 7.3% have been achieved for about I ft x 1 ft
little carrier confinement effects. Hence, from the module; and for small devices total area efficiency of 12.3% has
viewpoint of bandgap energy, the SL.Ss are rather regarded as been verified by SERI.
"ZnSe epi-layers" grown coherently on GaAs. It has been
found from the photoluminescence spectra and electron beam
induced current image observation that the SLSs can be grown Work supported by the U.S. Department of Energy under contract
on GaAs without the generation of misfit-dislocations. This # DE-AC02-83CH10093.
shows that the ZnSe-ZnS SLSs can be a promising alternative
to the lattice-matched ZnSSe ternary alloys on GaAs.
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E5.5 CdxZnixS-ZnS SLS in the range 0.1<x<0.5 for the first

A STRUCTURAL STUDY OF EPITAXIAL LAYERS OF CdSe AND time. Especially at x-O.3, high-quality SLS was obtained.
CdS GROWN ON GaAs. A.G. Culls, P.J. Parbrook, P.W. Smith, In the PL spectra of Cdo 3 Zn0 7S-ZnS SLS at 4.2 K, sharp-
B. Cockayne. P.J. Wright and G.M. Williams. Royal Signals and emission•Radar Establihment, St Andrews; Road, Malvern, Wo R43S msinpeak above the bandgap of the well layer appeared
U Worc WRl4 3 and no deep-level was observed compared to that of Cdo.3Zn

0.7S thin film. Dependence of the well-layer thickness was

Both CdSe and CdS are wide band-gap semiconductors and epitaxial also observed and this proves that the type I SLS structure

layers of these compounds have potential applications for the is certainly realized. This fact was also confirmed by the

fabrication of photovoltaic devices. The preparation of superlattices higher-order satellite peaks of the X-ray diffraction spec-
would also give the possibility of production of light-emitting devices trum. While, from the temperature dependence of the PL

and optical switches. Accordingly, growth of layers of these peak intensity, a large activation energy which is about 70

materials has been undertaken by MOCVD using substrates of single meV for the thermal quenching of exciton, was obtained.

crystal GaAs. In the present paper we report transmission electron This large binding energy shows the possibility of the ap-

microscopy studies of the layers produced in this way. Careful plication to the exciton devices, such as quantum-laser and
investigations have been carried out of the morphology and structure fast response optical switch. The effect of the external

of the layers at various stages in their growth. Initial nucleation is electric field is also demonstrated to get more information

followed by the development of characteristic layer microstructures, of the SLS.
including dislocations at the heterointerfaces which relieve lattice
misfit stresses between the different materials. We shall give a E5.8

b comprehensive description of the defect structures which form. The PRECISE MEASUREMENTS OF MINORITY CARRIER LIFETIMES
nature of superlattices based upon alternating layers of the two Ii-V IN lI-VI FILMS AND SUPERLATMICES.* W.O.Doget, Michael
compounds will also be described. W. Thelander and UF. Schetzina, North Carolina State University.

Raleigh, North Carolina.SE5.6

EXCITONIC PROPERTIES IN ZnSe-ZnS STRAINED-LAYER SUPERLAT- HgCdTe and CdTe have long been known as excellent materials for use
TICES AND A FIBONACCI SEQUENCE. Tsunemasa TAGUCHI and in infrared detectors, solar cells and various thermal-imagery devices.
Yoichi YAMADA. Department of Electrical Engineering, One of the key parameters in determining the effectiveness of these
Faculty of Engineering, Osaka University, Suita, Osaka 565, devices is the lifetimeof the minoitycarriersin the material. This paper
JAPAN. will describe a system for accurately measuring the carrier lifetimes by

the transient photoconductivity decay method over a temperature range of
Type I band structure ZnSe-ZnS strained-layer superlattice 77-300K by using a cavity dumped argon ion laser and digital recording
(SLS) is the most fundamental example for understanding equipment. Lifetimes in HgCdTe and CdTe films and HgTe-CdTe
"excitons" in wide band-gap II-VI SLSs whose binding energy superlattices grown at North Carolina State University by the photo-
is larger than 70 meV. A fluctuation of the heterointerface assisted MBE method will be reported which range from tens of nano-
between the ZnSe well and the ZnS barrier layers can be seconds for some of the Hg-based multilayers to several microseconds
completely controlled within one monolayer. We review opti- for the CdTe thin films.
cal properties of 2D excitons on the basis of our recent
results [1) of low temperature exciton luminescence, ab- Several high-frequency problems had to be resolved in order to obtain an
sorption and excitation spectra. The present SLSs were fab- accurate determination of shortcarrier lifetimes. Various pulse reflec-
ricated by low-pressure MOCVD technique using all gaseous tions and other problems can easily occur in bringing a signal from low
sources onto (100) GaAs or ZnS substrates. We demonstrate a temperature out of a dewars cold chamber. Solutions to these problems
new kind of heterostructure, a Fibonacci superlattice, will be presented which include precise impedance matching and use of a
which consists of alternating layers of ZnSe and ZnS for fast samplingoscilloscope. The accuracy of this method is demonstrated
the first time [2]. The talk is concentrated on the follow- by our ability to determine the shape of a 10 ns laser pulse (as measured
ing subjects: by a rapid-risetime silicon detector) by using a standard HgCdTe sample

with a 300 ns lifetime and a deconvolution method to extract the laser
(1) Determination of the interface and the critical pulse from the signal. This method also allows us to record photo-

thickness by ion-channelling and transmission elec- resistive changes during the laser pulse itself and to determine carrier
tron microscope life-times on the order of the laser pulse width or less.

(2) Band offset and strains revealed by exciton absorp- WorkissupportedbyNSFgrantDMR-88-325andDARPAcontract
tion as a function of ZnSe well thickness

(3) Excitonic behaviour under high excitation and Stark DAAL03-87-K-0153.
effect

(4) Temperature dependence of excitons; exciton binding E5.9
energy and linewidth NONLINIEARITY OF SOUND EXCITON STIMULATED

(5) Optical properties of Fibonacci superlattices EMISICIN INDUCED BY NONEQUILXIRI M
ACOUSTIC PHONONS. N,N.Zinov'v9, D.I.Kovalev,

1] Y.Yamada and T.Taguchi, Proc. Int. Conf. on II-VI Coin- I.D.Yaroshetskii. A.F.Ioffe Physico-Teichnical
pounds, 1989, Berlin. Institute, Academy 04 Sciences of the USSR,

S21 Y.Yamada and T.Taguchi, Phys. Rev. to be published. 194621 Leningrad, USSR

* E5.7 Among the generation processes of acoustic
OPTICAL PROPERTIES OF CdZnS-ZnS STRAINED-LAYER SUPERLAT- pno i n condns e ematter, l aser-l Ike

- ee misin of phonons could become the eostTICES. Yasuyuki ENDOH and Tsunemasa TAGUCHI, Faculty or Interesting. So it is great interest to learn
Engineering, Osaka University, Suita, Osaka 565, JAPAN. wether such a process takes place at two

two-quntum (phonon~photon) optical decay.
I would like to present the results of the growth and op- The possible way to investigate these
tical properties of CdxZnl-xS-ZnS strained-layer superlat- phenomena Is to study the luminescence under
tices (SLSs) by low-pressure metalorganic chemical vapour inJection of "probe" nonequilibrium acoustic
deposition (MOCVD). Both electrons and holes are confined phonons into the sample. The kinetic of bound
in the CdZnS well layers, namely, a type I structure, and exciton luminescence and spectral changes
the bandgap of CdxZnl_xS at R.T. changes from about 3.6 eV induced by the "probe" phonons were studied
'at x0) to about 2.4 eV (at x-l). Consequently, high-ef- at wide range of exciton densities at T,1.3K
ficiency blue and ultraviolet emissions due to the quantum in order to identify the nature of radiative
:onfinement effect can be expected by varying the mole- transition. The spectrum of the "probe" was
fraction x. Recently, we have succeeded in the growth of controlled independently. The spectral
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broadening of the phonon-assisted luanescence E6.3
b d induced by the probe phonons war found USE OF ATOM PROBE TECHNIQUES IN THE STUDY OF I1-VI
to grow nonlinarly up to ard we than the SEMICONDUCTORS. Ross AD Mackenzie Chris R M Grovenor and
Debys energy with increasing optical pumping J Alex Liddle, Department of Metallurgy and Science of Materials, Oxford
of the sample. To muemarize, the luminescence University, Parks Road, OxfordOX3 IPH
mechanism of the M-band in CdS ham been
identified al nonlinear radiative The Atom Probe Field Ion Microscope (APFIM) permits the
recombination of bound excitons with the microchemistry of materials to be determined with both high spatial and
eNlmsion of acoustic phonons. The obtained chemical resolution. Pulsed laser atom probe has been used in the
date indicate that acoustic phonons with investigation of elemental and III-V compound semiconductors, where it
occupation numbers n,,>>l are generated in has been possible to study interfacial roughness in quantum well structures,
this recoebination process, and small scale compositional fluctuational variations in epilayer materials.

E6.1 These techniques are now being applied to bulk and epilayer binary and
PHOTOASSISTED MBE OF I-VI SEMICONDUCTOR FILMS AND ternary II-VI alloys. Using results obtained from the study of binary alloys
SUPERLATTICES.* N.C ie*, R.L. Harper, J.. Ha and .F. the conditions needed for the controlled evaporation process can beSchetzina, North Carolina State University, Raleigh, NC. determined. A controlled evaportion is required if accurate compositionalinformation is to be obtained. The technique can then be applied to the
A survey will be presented of recent growth of 1I-VI semiconductors observation of composition fluctuations in both bulk and epilayer materials.
using photoassisted molecular beam epitaxy (MBE), a growth technique Preliminary results from this investigation will be presented, and the
in which the substrate is illuminated during the entire film deposition. potential of thes techniques for the analysis of H-VI materials shown.
The materials that will be discussed include undoped and As-doped
CdTe, As-doped HgCdTe, and In-doped HgCdTe. A variety of E6.4
structures including heterojunctions and modulation-doped superlattices MBE GROWTH OF HgCdTo FOR INFRARED DETECTOR APPLICATIONS. L
have been grown. Aia. S.H. Shin, J.G. Pasko, M. Zandlan and R.E. DeWames, Rockwell

The use of photoassisted MBE has allowed a substantial reduction in International Science Center, Thousand Oaks, CA 91360.
substrate growth temperatures. Undoped CdTe epilayers exhibiting Device quality MBE HgCdTe must be demonstrated as the first step toward the
bright excitonic photoluminescence (PL) peaks at low temperature (5 K) fabrication of the next generation of large-area, high-performance IR focal plane
have been grown at 125 oC. Highly conducting p-type CdTe:As epi- arrays. We have carried out HgCdTe MBE growth studies which have lead us to
layers with room temperature hole concentrations as high as 6.2 x 1018 device quality HgCdTe epilayers. Long- (8-14 jim) and middle (3-5 lim)wavelength IR photovoltaic diodes fabricated in these epilayers havecnr3 have been grown at 180 O. performance (RoA product values, quantum efficiency,etc.) comparable to those

obtained using material grown by the more mature liquid phase epitaxy technique
Both p-type and n-type Hg-based modulation-doped superlattices have (LPE). These results represent a significant step toward the demonstration of
been prepared, using As and In for p-type and n-type dopants, respec- MBE as a viable growth technique for the fabrication of large IR focal plane arrays.
tvely. Low temperature infrared PL measurements have been per-
formed on a series of Hg-based epilayers and quantum well structures. Undoped MBE Hgl-x Cdx Te (0.20< x <0.30) epilayers were grown on the
Selected samples were cleaved and mounted for optically-pumped (211 )B orientation of CdZnTe and GaAs substrates. Epilayers up to 25 In thick
stimulated emission experiments, using the 1.06 jim output from a cw have been grown at a rate of 4-6 gwnh, at 195 C. Alloy compositional uniformity is
Nd:YAG laser. Stimulated emission has been successfully observed at good; for x=0.24, the standard deviation of x was found to be 0.0017 for a
2.8 gim. 3.5xl .5 cm2 wafer. The epitaxal surface morphology was smooth and free from

macroscopic defects which occur on other more common orientations. HgCdTe
*Work supported by NSF grant DMR-8813525 and DARPA contract structural properties were measured by double crystal x-ray rocking curve and
DAAL03-86-K-0146. dislocation etching (EPD). FWHM and EPD values as low as 34 arc-sec and 1x10 5

**Present address: West Virginia University, Morgantown, WV. cm 2 were obtained for the epilayers grown on lattice-matched CdZnTe, while
those grown on GaAs substrates yielded values of 60 arc-sec and 6x10 6 cm2,

E6.2 respectively. Homojunctions (p+-n and n+-p) were formed by arsenic diffusion
and ion-implantation. We show that diodes fabricated on GaAs substrates have

GROWTH AND INITIAL CHARACTERIZATION OF NOVEL RoA values that approach theoretical values when they are operating in the
HGTE-BASED II-VI MATERIALS. F.G. Moore*, Naval diffusion regime. This result is significant to imaging applications where the ability
Research Laboratory, Washington, D.C.; J.C. to grow acceptable devices on GaAs provides new possibilities in hybrid and
Abele, Lewis and Clark College, Portland, OR.; monolithic technologies. Diodes fabricated on HgCdTe grown on CdZnTe
and R.E. Kremer, Crystal Specialties, Colorado substrates exhibited good diode performance even at lower operating
Springs, CO. temperatures (T 5 77K). In this talk we will describe our most recent MBE growth

studies, discuss their implications and present current material quality and diode
Hgl1 xAxTe materials where A=(Mg,Ba,Sr,Ca) have characteristics.
been synthesized by the vertical Bridgman tech-
nique. Hydrostatic density measurements showing E6.5
segregation are presented for all materials and a
distribution coeffir nt of -1.005 is obtained ELECTRICALPROPERTIESOFMBE-GROWNHgCdTe
for HgMgTe. For H. jTe a relationship between S. Hwang- Jeong W. Han, J.W. Cook, Jr., and J.F. Schetzina,
bandgap Eg, and comoosition x, is developed based Department of Physics, North Carolina State University, Raleigh.
on FTIR measurements of cut-on wavelengths. The NC 27695-8202
variation of energy gap with composition is found
to be comp&rable to that of HgMnTe and twice as A detailed analysis of Hall effect data obtained at temperatures
rapid as that of HgCdTe. Variation of lattice between 20K and 301K has been made for HgCdT thin films
parameter ao, with composition is also discussed, prepared by molecular beam epitaxy. Based on a theoretical
Carrier concentration and mobility data from room calculation for intrinsic concentrations that takes into account the
temperature and 77K Hall measurements are non-parabolicity of the conduction ba .the etonconcen atio
presented both for as-grown materials, and for are shown to follow nicely the model for semiconductors in their
samples annealed in a saturated overpressure of extrinsic and intrinsic temperature range. The scattering
Mercury. mechanisms in these materials are studied through the analysis of

electron mobility. Polar mode, deformation-potential acoustic,
*National Research Council Postdoctoral Associate Piezoelectric, andimpurityscatteringareincluded. Thecalculation

is done by solving the Boltzmann equation with an iteration method
that incorporates the two-mode namu of the optical phonors and the
non-parabolicity of the conduction band. The results indicate that.

179



even at 77K, the scattering is dominated by polar optical phonon valence band offset for the HgTe-CdTe SLs. Additional samples are Presendy being
scattering, studied to furthe darify this pOinL

Work is supported by NSF grant DMR-88-13525 and DARPA This work was supported by NSF grant DMR-88-13525 and DARPA contract

contract DAALO3-87-K-0153 DAAL03-87-K-0153

E6.6 
E6 .8

PROPERTIES OF MODULATION DOPED HgCdTe.FIRST AND SECOND ORDER RAMAN STUDIES OF Jeony W. H, S. Hwang, Y. Lansari, J.W. Cook, Jr., and J.F.
COMPOSITION AND STRUCTURAL ORDERING IN Schetzina. Department of Physics, North Carolina State University,
Hg,.CdTe. A. Compaan U. Toledo, Toledo, OH; R. C. Raleigh, N.C.27695-8202
Bowman, Jr., Aerospace Corp., Los Angeles, CA.

We have employed photoassisted molecular beam epitaxy to prepare
Alloy fluctuations, defect densities, and clustering are both p-type and n-type modulation doped HgCdTe. All samples are
sensitive to crystal growth conditions. The resonance superlattices of twenty double layers consisting of Hgo. 5 Cd0.sSTe-
behavior of first and second order LO and TO Raman Hgl. 5 Cd5Te(x=0.16-0.25). As and In were used as p-type and n-
scattering has been shown to be quite sensitive to these type dopants, respectively. Dopant oven temperatures were changed
properties in Hg,..CdTe (MCT). We have studied MCT for systematically to obtain a range of carrier concentrations and
x-values between 0.20 and 0.32 and for photon energies from mobilities.
235 to 2.7 eV and for samples prepared by a wide range of Double crystal x-ray rocking curves exhibit very sharp main peaks
techniques-LPE, MOCVD, MBE, bulk growth, and pulsed (20-30 arcsec) with up to seven orders of satellites. Also, vertical
laser annealing. In addition to the HgTe-like TO and LO cross-section TEM studies indicate that the superlattices are of very
modes and the CdTe-lke LO mode, we have studied the high structure quality with sharp interfaces. No evidence of Hg-
resonance behavior of the mode at 133 cm-', which has been interdiffusion was found in the TEM studies. The high structural
identified as originating from the preferential clustering of 3 quality is due to the low growth temperature (Ts=1500 C) associated
Hg and 1 Cd about the Te.' We find that the intensity of with the photoassisted molecular beam epitaxy technique and very
this peak for various bulk and epitaxially grown samples is stable source fluxes. Hall effect measurements at low temperatures
unusually large only near the E. resonance Pulsed laser (20*K-100*K) yielded carrier concentrations independent of
annealing with a Nd:YAG-pumped dye laser strongly temperature for both n-type and p-type samples. The absence of
suppresses this mode in all samples suggesting that carrier freeze-out indicates that modulation doping in HgCdTe was

extremely rapid epitaxial regrowth may inhibit the 3:1 successfully achieved. Hole mobilities ranged from 200 cmz/Vs to

cluster formation. Second order Raman scattering also 400 cm 2/Vs. Electron mobilities as large as 1.3xl05cm2 /Vs were
measured. These mobilities are comparable to carrier mobilities in

shows a strong resonance at the E, gap but this intensity is bulk HgCdTe with the same carrier concentrations.
suppressed by the pulsed laser anneal.

We will also report results of a systematic study of mobilities in
P. M. Amirthara et a, 1. Vac. Sci. Technol., A._, 226 modulation doped HgCdTe single heterostructures, in which we have

(1985.) changed the undoped spacer thickness, dopant oven temperatures, and
Cd compositions in the channel. Mobilities dependent upon spacer

A. Compaan, R. C. Bowman, Jr., & D. E. Cooper in thickness and sheet carrier densities at -30 0 K will be reported.
Proc. Conf. Narrow Gap Semicond. & Related Materials,
(Gathersburg, 12-15 June 1985.) *Work is supported by NSF grant DMR-88-13525 and DARPA

contract DAALO3-87-K-0153

E6. 7
E7. 1

TEMPERATURE-DEPENDENT INFRARED ABSORPTION OF HG-BASED
Il-VI SEMICONDUCTOR SUPERLATMICES. Z_ Yan.Y. Lansar. J. W. Han SHOCKLEY-READ RECOMBINATION IN P-TYPE HgCdTe, Y. Nemi-
and J. F. Schetzina, Physics Department. North Carolina State University, Raleigh. rovsky and R. Fastow, Microelectronics Research Center,
NC. 27695-8202 Technion - I.I.T, Haifa 32000, Israel.

The excess carrier lifetime in semiconductors and theOpticalabsorpspecnfrasiesofHgTeCd0"5Hg0"lTesurlaices(SLs) related processes of generation and recombination deter-
have been measured in the spectral region from I to 12 tLm. and at temperatures
ranging from room temperature (RT) down to 77 K. First. the optical constants of mine directly device performance. In particular, it is
each substrate at RT were obtained by measuring its transmission and reflection, very important to determine the excess carrier lifetime
alog with its transmission spectra at Tbelow RT. The SL's were then grown on and the mechanism which limits the lifetime in p-type
these substrates and the absorption coefficient and refraction index of the SL's at RT Hgl _xCdxTe with x-0.225, since currently modern focal
were obtained by measuring the transmission and reflection spectra and using the plane arrays for detection of radiation in the 8-12um
exact formulae for the transmission and reflection of a two-layer system. The spectral region are based on this material.
transmission spectra of the SL-substrate samples were then measured at tempera-
trm T - 77-300 K. The transmission specra of the coesponding substrates were Experimental studies of excess carrier lifetime in p-type
used to correct the spectra of the samples and the absorption spectra of the SL's were HgCdTe indicate that Shockley-Read (S-R) recombination is
thus obtained, the dominant mechanism at low temperature. Several ex-

Th absorption coefficient of the SL's show clear step-like features which am typi- periments have been undertaken to measure the excess car-
cal in SL's due to the transitions of electrons from different subbands. The rier lifetime in p-type HgCdTe. However, the results
tmaitions from the fust heavy hole subband (hhl) and the fit light hole subband appear contradictory and the reported excess carrier
(hl1) to the fit conduction subbsid (c1) ae clearly evident in the spectraI he lifetimes span " orders of magnitude, from 1Ins to '.lpsec
observed transitions st RT agree well with the theoretically-prdicted selection rules at 77 K.
and tramsition energies. A value of 350 meV for the valence band offset between
HgTeadCreis &Whthedeperure decreesmtheoveralinmnsityofthe It appears that the major cause of controversy
absorption inrees.Thisis duetothe fact that fewer themallyexcitedelectroa in the reported lifetime results, stem from lack of a
reintheconductionsubbdaandfewerholesinitevalencesubbads.Below unified approach to the definition of S-R lifetimes.
240K.twonewexciton-likeabsorptionlinesappearnew theenergyofthehhI.nl Different time-constants measured in various studies and
ansiton Them features were observed in all three St :sdied to daie. Becae of in versatile and diverse experiments, are referred by the

the presnce of the two lines it is difficult to dearmine with high accuracy how the
energy of the bhl->cI transition chlges with temperatue. However, our reults to common name "lifetime", and this has been a major cause
dak are cosistent wit a lar (350 meV) and relatively meml i-indepot for controversy and misunderstanding.

The purpose of this paper is to define the various "life-
times" which are pertinent to the S-R model, and to pre-
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sent various measurements on doped as well as undoped ma- been carried out. The growth programme was aimed at achieving
terial. The time-constant measured in each experiment is low carrier concentration p-type material with a low x alloy
theoretically defined and related to the physical parame- compesdton, in some cases x was as low as x = 0.19. The design of
ters of the material. In particular, trapping effects will high operating temperature (HOT) IR detectors requires material with
be considered. this specification.

E7.2 Temperature dependent Hall measurements over the 4.2 to 300K
range were carried out on a series of layers. At low temperatures,

THE EFFECT OF SURFACE LAYERS IN EPITAXIAL n-TYPE surface and interface effects can dominate the complex Hall
coefficient as this technique measures both p-type bulk properties

HgCdTe, K.K. P t, N.R. Taskar, I.B. Bhat and S.K. Ghandhi, and surface inversion layers in parallel. In an attempt to suppress
Rensselaer Polytechnic Institute, Troy, New York 12180. these effects a series of layers have been grown with thin epitaxial

caps and buffers.
The presence of a low mobility n-type surface layer on n-HgCdTe is
generally not apparent in the Hall Constant (RH) vs. temperature The best Hall data, viz RH positive at very low temperatures has
curve for this material, or in the ju vs. temperature data. However, been obtained on layers with x - 0.22 and using the cap and bufferstructure. The acceptor concentration was typically 5 x 101cm-

3 .

the influence of this layer is clearly seen by a study of the depen- These results will be compared with layer of lower x and uncapped
dence of RM as a function of the B field, structures. Theoretical fits to the best p-type data have been

attempted; values of the extrinsic hole concentration and acceptor
This talk will outline the use of this diagnostic method for evaluat- ionization potential have been obtained. A value of the intrinsic
ing epitaxial HgCdTe layers grown by organometallic vapor phase carrier concentration (ni) is a required parameter for the fitting
epitaxy, which have been previously converted to n-type by anneal- equations and the best fits suggest that there is either a discrepancy
ing in a Hg overpressure. The B field dependence of RH was an- in the determination of alloy composition or the published values of
alyzed to extract the bulk and surface carrier concentrations, and ni (x, T).

also their respective mobilities. The effect of anodic sulfide passi-
vation on the B field dependence of the Hall Constant will also be E7. 4A
outlined. In these layers, the measured electron concentration and MSE GROWTH: SURFACE ROUGHNESS THEORY'
mobility values approach that of bulk HgCdTe. Additionally, details
of the passivation technique will be presented in this talk.

E7.3 A. Sher, Srinivasan Krishnamurthy and Martha A. Berding
SURFACE ELECTRONS IN INVERTED LAYERS OF P-HGCDTE. S.ES
Schacham and E. Finkman, Technion, Haifa, Israel. SRI International, Menlo Park, California 94025

A small concentration of surface electrons can cause strong
anomalous behavior and even make p-type samples appear like A.-B. Chen, Auburn University, Auburn, Alabama 36849
n-type. Studying the nature of interface electrons we found
that their properties depend on surface potential (electron
concentration) in the inversion layer. Anodic sulfide pas- Archibald Fripp
sivation may give flatband conditions with hardly noticeable
inversion layer. Samples with acceptor concentration as low National Aeronautics and Space Administration
as 8"|014cm - 

are characterized by completely normal behavior
of the Hall coefficient. Annealing these samples in 70-120C Langley Research Center
for several hours resulted in increasing number of n-skin Hampton, Virginle23685
electrons. Surface passivated using anodic oxide gave

strongly inverted surfaces, with n-type behavior at all tem-
peratures under the highest magnetic field used (-IT).
Analysis of magnetic field dependence of transport parame- in this paper, we consider the surface entropy to be related to the
ters show that properties of bulk material remained
unchanged for the various surface treatments, indicating arrangement of atom pairs rather than the more traditionally used total
that the only change is induced near the interface, increas-
ing the surface charge density and the depth of the band number of configurations. This Important correction Is applied to the
bending at the interface. The density of surface electrons
was below St01cm

-2 for the anodic sulfide, and up to 5,10'2o,4 simplest theory of nucleation of solids and their growth rate. The purose

for' the oxide interface. When surface concentration is of this paper is to demonstrate, within the context of a simple and
small, the electron mobilities were lower than those
obtained in same composition bulk n-type material, as can be physically transparent model, the arguments needed to Improve the
anticipated (e.g. ll-5l0cm 1

1v.s at 77K). However, increas-
ing band bending and skin electrons in the induced well near surface entropy calculations and a range of resulting effects. The maio
the surface, resulted in very high mobility skin electrons
(e.g. l.5-1'cm

t
lv-s at 77K, and 310' at 13K, for composition changes introduced are a reduction of the rough to smooth critical

x-.22), as in the best n-type material. it is concluded
that this is the result of lowering the dimensionality of transition temperature, smooth limit Islands with fewer point defects

the electrons while gradually increasing their confinement direct demonstration of layer by layer growth, and a relation between the
near the interface. Presently we intend to verify the 2D

character of these electrons by performing transport studies effect of energy assisted MBE and entropy equilibration.
at high magnetic fields, and Shubnikov-de Haas experiments.

E7.4 *'This Work has been supported In part by the National Aeronautics and

ELECTRICAL CHARACTERISATION OF P-TYPE CdxHg, _ ,Te
GROWN BY MOVPE (IMP). A Royle, J S Gough, S I C Irvine Space AdmInistration under Contract NASI-8226 and ONR Contract
and J B Mulln. Royal Signals and Radar Establishment, Malvem, N0001448-C0096.
Worcestershire UK

Detailed electrical characterisation and analysis of results on a series
of epitaxial layers grown by MOVPE (IMP) on CdTe substrates has
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E7.5 by Hall mobilites lower than theoretical values by factors of 5 or mowe at 77 IL
In addition the Hall behavior over the entire temperature range did aom followLANGMUIR-BLWDGETT FILM PASS IVATION ON CATHODICALLY claaaical behavior. A systematic ace. of investigations was conducted to improve

CLEANED MCT AND PC-TYPE DEVICES. Ke ~ mn the electrical performance of these ailma by four methods: i) growth of HgZnTe
Tetauya Suzuki, Taizo Hoshino and Masaoi Sa 1h 6R& films. where the cadmium was replaced by zinc, ii) growth at temperatures
Labs. -I, Nippon Steel Corp., 1618 Ida, Nakahara-ku, >55*C ii) growth at a slow rae on a CdZnTe substrate foilowing clean inKawasaki 211, Japan the melt of the substrate surface and iv) doping the film by controlled levels of

Surface passivation of semiconductors Hg1 indium or galliumtf.

Tis o k m port for therfc utliainasio I tecnique Te fint methsod did not lead to any improvements in the Hall behavior. In
cobiedwiheatoditr face classiviand tecnmiue addition, the films grown displayed varying dislocation densities. The second

Blodgett film formation. Caracteristics of PC-type method led to a small but definite increase in the yield of non-anomalous or
devices are also discussd classical films (5%). The third method yielded films with clascal or non-

anomalous Hall behavior about 20% of the tine. The last method consistently led
N-type WCr (x=0 .20) substrates were chemically etched to film with classical Hall behavior. This was accoemplished with indim doping
with methanol solution containing 0.5% of bromine after levels at I.SxlI 4/cm3 . Preliminary dama indcate that it will be possible to go to
mechanical polishing. The surface oxides on MCT were still lower doping levels while maintaining classical Hall behavior. Similar data
reduced electrochemically in a pH1 5.0 acetic acid - were observed for gaiumn doping. The segregation coefficients controlling the
acetate buffer solution at a voltage (vs. Ag/AgCl) doping levels and their concentration dependence wene also precisely determined.
between -0.85 and -1.00 V. By using XPS, it ist during these investgations. mpovmnt in the eleilppties ofthese
confirmed that the cathodically reduced surface is epifilms can be attributed to the reduction or elimination of type inhomoeneities
oxide free. Indium electrodes were formld on MCT known to degrade Hall mobilities in films grown by liquid phase eptay.
substrate where the active area was 1 mm . 10,12-
heptacosadiynic acid (a diacetylene comipound) was used
as the amphiphilic comipound for LB film formatir n. This E7 .8
toyee d ofdaey enead aso CHARACTERIZATION OF (Hg,Cd)Te FOR INFRARED FOCAL

pothyUerize t. by c ird ao . PLAN4E ARRAY APPLICATIONS. A. J. Svlla2os-, V. C.
polymerization increases ILopes, W. H. Wright, Texas Instruments Inc.,
mechanical strength of the LB 1 Dallas, Texas 75265
film. Fig. 1 shows the ;0-5 -
characteristic of a PC-type Maeilcaatrzto a nipratrl
device passivated by the LBaeilcaaceiainhsanipratrl
film of 41 layers as a Z in the use of (Hg,Cd)Te for Infrared Detector
relative response to a = [.....Fccal Plane Array applications. It addresses
thermopile. These r.Cr devices 5 e a 9 10 both the evaluation of material preparation
exhibit sufficient sensitivity Fig. 1 Spcsaptc csh/l acefl' i processes and the selection of material suitable
to detect flR radiation in the a SMTsvnse. for the construction of detector arrays. A
atmospheric windcw. compri-hhensive characterization effort includes

the use of simple prototype detector devices and
E7. 6 the use of a series of non-invasive

ENHANCED METALLIZATION STABILITY ON caatrzto ehius

MERCURY-CADMIUM-TELLURIDE. A. ..Ra~iaanen, G. One ptototype detector, the Metal Insulator
he. Semi-conductor (MIS) device, is used toHaugstad, X. Yu, and A. Franciosi, Dept. of Ce. establish correlations between material

Engineering and Materials 'ience, U. of Minnesota, parameters and focal plane array performance.
Minneapolis, MN 55455; and D.J. Peterman, McDonnell Such MIS device characteristics as dark current,

ReeachLasSt Lui, O 316.breakdcwn voltage and photoresponse areDouglas RsacLasStLoiM 636.ccrrelated to optical and electrical material
properties, as well as to the density of

Hgl-,CdTe (MCT) semiconductor alloys are widely used crystal defects. Spatially resolved MIS device,
FTIR transmission, minority carrier lifetime and

for high-performance infrared detectors. Deposition of surface re -combination velocity measurements will
metals such as Al. In, and Cr onto MCT surfaces yields be reviewed. Recent results will be presented
atomic interdiffusion and a preferential metal-Te for n-type bulk (Hg,Cd)Te with a Cd

concentration of x-0.22 and a 77 K cutoffreaction causing Hg-depletion of the surface layer, wavelength of 10 umn, grown by the Solid State
with a severe effect on junction properties. Recrytallization process or by the Travelling
Semi-empirical calculations of binary thermodynamic licater Method.
reaction enthalpies using Miedema's model suggest that E7 .9
thin rare earth metal interlayers may act as diffusion EFFECTS OF DEFECTS ON METAL-INSULATOR-SEMCONDUCTOR
barriers at metaVMCT junctions due to the large rare PROPERTIES OF HgCdTe FILM GROWN BY LIQUID PHASE EPITAXY.
earth-Te and rare earth-Hg reaction enthalpies. Our WO&K-CLhadmf and Mlichael W. Goodwin, Texas Instruments Inc., Dallas,
synchrotron radiation photoemission studies of Texas.
metal/MCT contacts involving Al, In, Cr, and Ag
metallizations wi~h and without thin (1-15 A) Yb A comhns ive study of all materials paramters influencing metal-tmasltor-

semiconductor (MIS) properties of n-type HgCdTe film grown by liquid phseeinterlayers indicate that Yb acts as an effective epitaxyfromwlluium rich meltswasconducted. When the epitaxy ptocwas
diffusion barrier on the MCT surface, preventing opuaumsed to growflmfree of incluionandteacng, the fistinicatonsofthe

meta-To eacion, Hg-epleion f te seicoductr MS provemuas to be expected could be obtained fom the temperature dependencemeta-Tereacion Hg-epltio of he emicndutor of the Hail electron mobility
near-surface layer, and, i n general, atomic Fimdslyn naoaosdpdecofteHlmbltyotmerue

interiffuion cros thejuncion.yieldedoon-classical low fxequency, MI~propeflleawith litnkeoroomesurble
'daak storage times (<c2x06second). ThbeloIS performance of theseffilms

E7. 7 sppeared relatively independent of other materials parameters; remaining for
GROWT OF IGH UALIY LWR FIMS D UQUDampleE vittually onaftecsed, by the fim dislocation density changing between

Dipm'a CliuilaaTas ltmew Inc. Dalla s. ne2l 6 c 2

Filmse displaying a classcal dependence of do. Hail moblty On lenperatw yieldedGrowth of long wavelength inba-ted merury cadium lelluideA Jma by liquid dinastically improved classical high frequency MIO properfim. Foe these fims. the
phs epay len usisafly yeldd fiMse of Ibelor eleical properiha a evidenced
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MIS perfonance appeared almost exclusively depende, on dislocatiuoe density deposition at lower temperatures. This will lead to reduction and
levels a long as the dnor density remained lower than 1xl0

15
/cm

3 . The dark control of the equilibrium mercury vacancy concentration allowing
stoage lane of cais ical films increased contimously with decasing dislocation greater control of the electrical properties. Lowering the growth
density levels, rising to 100 usecs for a dislocation density level of Ix0 

5
/cm

2 for temperature would also reduce the interdiffurion between substrates
materials with a 77 K IR cutoff wavelength of 10.5 pm. A simple monotonic and epitaxial layers thus enabling more complex structures to be
telomhip could be established between the MIS perfomance parameters and te grown. There are two ways in which the growth temperature can be
dislocation density over the entire measurement span: from 5x104 /cm 2 to lowered:
2.SxlO6

/cm
2

. - use of less stable precursors for thermal growth
- photolytic growth.

E7.10 Both of these routes will require the use of alternative precursors.

LOW-TEMPERATURE PROCESSING TECHNOLOGY FOR II-VI
SEMICONDUCTORS.* Before an organometallic compound can be used as a precursor,

aL. Dreifus and R.M. Kolbas, Department of Electrical and Computer certain basic properties need to be known and one of the most
Engineering;, B.P. Sneed and .F. Schetzina, Department of Physics, important of these for MOVPE growth is vapour pressure. An
North Carolina State University Raleigh, NC 27695-8202 MOVPE system for precursor assessment which has facilities for the

measurement of vapour pressure will be described. The technique

A new low-temperature (<60°C) processing technology that avoids used can also give information on the photo and thermal stabilities
potentially damaging processing steps such as ion-implantation and of the organotellurium compounds. Results on the assessment of
elevated-temperature-annealing has been developed at NCSU. The some new organotellurium compounds will be reported.
technology includes: 1) photolithographic transfer of patterns with
geometries as small as 2 g~m, 2) calibrated etchants with etching rates as E8.3
low as 40 A/s and compatible with photolithography, 3) a metallization
lift-off process using a photoresist profiler, 4) an interlevel metal INFLUENCE OF SUBSTRATE QUALITY IN THE METAL ORGANIC CHEMICAL

dielectric for advanced structures requiring multilevel metallizations, and VAPOU1 DEPOSITION OF IgCdTe. M.J. Bevan and N.J. Doyle,
5) an insulator technology for metal-insulator-semiconductor (MIS) Westinghouse STC, Pittsburgh, A-.

structures. The quality and uniformity of HgCdTe IR detectors are

A number of devices have been fabricated from H-VI epitaxial layers thought to be limited by structural defects. 0CYD

grown by photoassisted molecular beam epitaxy and processed using technology has advanced to the state that HgCdTe is limited

the technology described above. This has resulted in several first by the crystal quality and uniformity of the substrate

demonstrations of H-VI semiconductor devices such as CdTe metal- material. Foreign substrates such as Gaos is used but the

semiconductor field-effect transistors (MESFETs), CdTe p-n junctions, large mismatch is only partly acommodated, resulting in

CdMnTe MESFETs, and HgCdTe metal-insulator-semiconductor field- films with double crystal rocking curve widths greater than

effect transistors (MISFETs). Optimization of the processing steps has 1 arcmin. Using lattice-matched substrates, CdZnTe and

resulted in device yields in excess of 75% on recent device structures, CdTeSe (nominally 4.5% Zn or Se), (100)2
° 

oriented epilayers

including HgCdTe MISFET devices from which digital logic circuits have comparable rocking curve2 widths(ca. 25 arcsec), but

have been successfully fabricated and tested. have pyramidal facets (>lOca'). The hillocks are avoided
by using the (11l)B orientation, but HgCdTe has a rotational

*Work supported by NSF grant DMR-88-13525 and DARPA contract twinned structure. Specular films have been grown free of

DAAL03-86-K-0146. twinning by MOCVD on (211)B substrates, combining the
attributes of both (111) and (100)-oriented HdTe.

E8 .1 Characterisation of substrate material continues to reveal a

RECENT PROGRESS IN THE OMVPE GROWTH OF HgCdTe range of undesirable properties, potentially detrimental to

(Invited), S.K. Ghandhi. Rensselaer Polytechnic Institute, Troy, epitaxial growth, both structurally and chemically. Using x-

New York 12180. ray techniques, the range of defects observed in
commercially-available material include, for example,

precipitates and inclusions, microcracks and microtwins,
This talk will present recent progress in the direct alloy growth of sub-grain structure and non-uniformity in double crystal

HgCdTe, by organometallic vapor phase epitaxy. Issues of compo- rocking curves. Unintentional impurity doping of the

sitional uniformity have essentially been solved, and the focus of substrate material give rise to low resistivity ((100 ohm

efforts is now on annealing of as-grown material, and on extrinsic cm) and t. *se impurities can ultimately dope the subsequent

doping. The annealing of epitaxial layers has proved to be consid- EgCdTe epilayer. Electrical evaluation of as-grown and Hg-

erably more difficult than for bulk material. Problems with the full annealed films has suggested the presence of dopants srrsing

annealing of a-grown p-type HgCdTe layers to n-type will be out-

lined, and techniques described for overcoming them. Extrinsic n- ES. 4

and p-type doping of HgCdTe will also be described, using arsine TEM CHARACTERIZATION OF DEFECTS IN HgCdTe GROWN ON

gas as the dopant species for p-type, and trimethylindium for n-type (001) CdTe AND (111)B CdZnTe SUBSTRATES BY MOCVD.

HgCdTe. Properties of extrinsic layers will be described, both for Anthony Hobbs, O.Ueda, K.Maruyama, S.Murakami and

as-grown layers and also for layers which have been subjected to K.Shinohara; Fujitsu Laboratories Ltd., Japan.

heat treatment.
Transmission Electron Microscopy (TEM) has been

Finally, progress in the growth of HgCdTe at reduced temperatures used to characterize epilayers of Hg1  Cd Te
willbepresented. Crystal properties as well as electrical character- (x=0.16) grown on both (001) CdTe and-(11I)B

istics will be presented for HgTe and HgCdTo layers, grown in the Cd0T 9 7 Zn 0 ? 3 Te substrates by MOCVD. Growth on (001)

240-320°C range. The advantages of growth at reduced tempera- Cd'e is ound to give rise to epilayers which

tures will be outlined,aswellanits associated problems. contain a large number of grain boundaries in the
surface region with associated boundary
dislocations. Many dense dislocation bands have

E8.2 also been identified at these boundaries. The
grains themselves are often oblong in shape with

VAPOUR PRESSURE MEASUREMENTS ON ORGANOTELLURIUM the long axis in just one <110> direction. In
PRECURi ORR FOR MOVPE Eada ilE , Sm, . C. Irve and B. addition, a high density of dislocation loops are
Mulin. Royal Siglsand Radar Estabihment, St Andrew Road, associated with the boundary dislocation network.Malvern, Worcs. U

By contrast, growth on (111)B Cd0  TZn0 03Te
A well accepted objective for improved material quality In the substrates results in double-positic' 0  inn4n a t
MOVPE growth of the Infra-red detector material (Hg,Cd)Te si

183



the surface. The surface morphology consi.sts ot ES.?7
roughly circular hillocks with a twinned MBE GROWTH AND CHARACERIZATION OF SMALL BAND
relationship to the surrounding material. Several GA gCHcT SPRAFIE. JanriZ.Yg.S
types of twin-boundaries are evident; these are GwAP gng,..Cook, JPr. a IF. Schizna North ari7-Yng S.
often accompanied by dislocation networks. Grain Uwngersity k,Ra Jrg , nd 79-8.F cez ,NrhColaSte
boundaries and dislocation loops of the type seen UnvriyRaegN279-0.
in the (001 ) epilayers are not generally present A series of undoped and I-doped HgTe-Hgo. Cdo.&STe superlatices
although localized regions containing large numbers (SLs) of varying well and barrer thicknesses has been grown by
of dislocation segments and loops are found. molecular beam epitaxy (MBE) and photo-assisted MBE.

The formation mechanism for the defect structure in Double-crystal x-ray rocking curve measurements were performed on
both (001) and (111) epilayers will be discussed. all the SLs and full widths at half maima of the main diffraction

peaks as low as 28 arcs were measured, indicative of very high
E8.5 structural quality. X-ray satellite peaks were observed for all of the

SLs studied, which allowed accurate determination of the SL double-
STRUCTURAL AND ELECTRICAL PROPERTIES OF layer thickness.
HETEROEPITAXIAL HgCdTe/CdZnTe/GaAsISi. S..Jbnson. W.
Ahigren, M. H. Kalisher, W. J. Hamilton, Jr., and 1. B. James, Santa For different SLs, the HgTe layer thickness ranged from 67A- 160 A,
Barbara Research Center, 75 Coromar Dr., B2/8, Goleta, CA 93117 while the Hgo.15Cdo.85Te layer thickness ranged from 35 Ato 102 A,

leading to small band gaps, as calculated using the k-p model. In this
The growth of HgCdTe on Si-based substrates is now being band gap regime, unique electrical properties including highly

strongly pursued to provide an alternative to bulk CdZnTe substrates for anisotropic effective masses and very high mobilities are expected to
improvements in size, strength, monolithic signal processing, and cost of occur. All of the SLs were n-type with carrier concentrations ranging
infrared detector arrays. We art using a hybrid growth approach by which from 1016-1l017 cm-3 (30-295 K). Mobilities as large as 1x105

epitaxial CdZnTe is grown on GaAs/Si wafers by metal-organic chemical c 2 V 3.0K eemaue sn tnadvndrPu
vapor deposition (MOCVD) followed by the growth of HgCdTe by the c2V 3-0K eemaue sn tnadvndrPu
more mature liquid-phase epitaxy (LPE) technology. The structural techniques.
properties of these layers were characterized using high-resolution x-ray Tasiso n elcindt 30K eeue ooti

rockng-urv anlyss. Te cmmecia Gas/S wafrs sedas taring absorption coefficient versus photon energy curves which clearly
substrates were oriented (100) 30 toward [IllII with typical rocking-curve show large step-like features due to the 2D electronic transitions
full-width at half-maximum (FWHM) of 150-200 arc-sec. High-resolution between the superlattice valence and conduction subbands. New
x-ray measurements show that the GaAs layer is tilted 0.24o further toward features associated with the near-zero gap nature of the SLs were also

[1111 with respect to the Si and that the (100) CdZnTe layer is dilted by 4. I observed and will be discussed.
back towards [11T] with respect to the GaAs, apparently to reduce the "Work supported by NSF grant DMR-88-13525 and DARPA contract
interfacial energy associated with the large lattice mismatch. Perpendicular DAALO3-87-K-0153.
and parallel strain measurements show that there is some tetragonal
distortion (elastic strain) of the GaAs layer, however, the 14.6 % lattice
mismatch between CdZnTe and GaAs is almost entirely relieved by plastic ES.8
deformation (misfit dislocations). X-ray FWHM values of as low as 85 PHASE DIAGRAM, LATTICE PARAMETER, AND OPTICAL
arc-sec have been obtained for the heteroepitaxial CdZnTe layers. We have OPTICAL ENERGY GAP VALUES FOR THE
also found that the FWHM of the HgCdTe layer is typically lower than that Hg2(Culn) yn zTe (x+y+z= 1) ALLOYS. Pedro Grirna
of the CdZnTe layer, which is due to both an annealing effect during the H2. y z 2
LPE growth and an improvement in material quality with increased Gallardo - Fac - Ciencias. Dpto - Fisica. Laboratorio
thickness. LPE-grown In-doped, n-type, Hgo7CdOfTe layers with 77K de Cristales - Centro de Estudios en Semiconducto-
mobilities of 4xl104 cn 2 -sec and carrer concentrations of 4x0 1 5cm-3  res. Universidad de Los Andes. M~rida. Venezuela.
were obtained on the heteroepitaxial substrates; these properties are nearly Polycrystalline samples of the diluted semirnagr.e-
identical to those of layers grown simultaneously on bulk CdZnTe tic semiconductor alloys Hg2 (CuIn) Mn 2 Te2 are
substrates. The variations in the HgCdTe electrical properties with the 2x y 2
structural quality of the hetrepitaxial substrates will be discussed prepared by the melt and anneal technique.- Measu-

rements of differential thermal analysis (DTA),

EB.6 Guinier x-ray photographs and optical absortion
ES.6 are carried out in order to obtain the lattice pa-

PROPERTIES OF EgTe-ZuTe STRAINED LAYER SUPERLATTIcES GROWN rameters, optical energy gaps (E ) and phase tran-
BY MOVPE LI.JMunllinh, P.A. Cifton.. P.D. Brown, K. Duroe sition temperature values. 0
and A.W. Brinkman. Applied Physics Group. S.E.AS. University of Durham,
South Road. Durham DHIi 3LE. U.K. The results shown four single-phase fields. name-

ly ordered zincblende (0~ ), ordered chalcopyrite
The HgTe-ZaTe strained layer supediattice system is a posuible alentv to me- (o'), disordered zincblende ((b) and disordered
cury cadmium telluride (NCT) asa longwvelength inksa-red material and to o chalcopyrite (0t) in the composition range of inte

inerstinit on igt s n xapl o hghy trind yp II uprittce Terest. For higher z values the field i~s two phases.
oteintifutan efict ezrmeand Zuyetis stfltetllow to llowce goth It is shown that while the manganese ordering has
ia typkW MOnro emeittue. By produc~igasuertc fte t~wto inary~ little effect on the lattice parameters, it has
comypoundsOVratemhnperari y oduciting posbeattio the tivo enry appreciable effect on the values of E . This is de

gap of ,thism epenentlny lof tecopoito yapport hie fwellrg mostrated by the different aiming poiRts at z=l
gaoeand rre lcuet o ii lth~OffpoVetiobapr14100iA11 trial iceOM for the E 0Vs z lines in the different fields.

structurullysae tha MCTslese rcury irequird andthe dstailiing effect Sections of the general T(x,y,z) phase diagram are
ofCd on the weak g-Te beadis eiminated. presented in order to visualize the different

fields.
In this work the properties or 13g~l-ZaTe mupwrlattices grown by Metal Organic
Vapour Phase Epitasy at tempatuire. down to 32VC an reported. Their struc- ES .9
taro *. charactensed by ciross-sectiosal traunission electron microscopy and X-
ray diffraction. la~rd traissmissmon Measurements were mrade to determine the On Th fiel ento1@3 tf I~Eg.fte supSlatts with

optical absorption coeoleat me a functioa of wavelength and show maximum ab- ene stmee w**Z flapSa qpaiaia IMkhg .L
sorption coeffiients compeahl. to thoe of MCT. Their electrical properties and %J1 Dealmtt..70of 2 * !aiia la SaC mutne 3. 31gw.. o

the elfect oe thes elecronic etrutcture of the anisotropy dictated by the mupedrattire Dspzaiw mt .at et-=2 ml.. a an Y..emobb S. Dm",~a

periodicity weras aneeed by hih toeld magaito-tranhport measurements. eriiiiiiiofXetni w ecsuotsAsaor&
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'"egl MgimOrlng 0elle0s, Sible, 36wreh-711103, went epilayers were characterized in detail using a wide
Doung", muI. variety of structural, optical, and electronic
EsTe/ol!. sprlattios (3.'.4) have receive& a pnat deal or techniques. Compositions as low as x-0.153 have been
attention since 1979 vto they save first suggested an & achieved with sharp IR absorption cutoffs and good
promising nw materials for lon-wave length Inre unfrmtevetecmc1m-qae ra Dul
torsed o ther epto-oleatromic applations. fteseatrs uiomt vra1m qaeae.Dul
eXSlso free the uiue see-i.. gap mateil7f n crystal x-ray rocking curve measurements indicate that&trect bn-gel semiconductorG Od!. einergy bands 'r'o- th epayraeofgdcrsalny.Hlmbity f
ture could be described by three band Ka model, hL1 the th plyraeofg dcysliny.Hlmblty f
works have been reported with the anoopties that the inter- as-grown epilayers is -. 106 CM2lVsec while the carrier
faces " bewe -alyosw sapldefinewth e concentration is -1015 cm- 3 at 10 K. In addition, EDAX
Intermediate potential regis. exists for the oaers whc scanning electron microscopy data, as well as
Influences anl the transport properties. preliminary results of temperature dependent EXAFS
It In wll-kowa that at field strength of the orero measurements will be presented. Corresponding
10' V/u, the potential barrier at th sww of WnS4 characterization of these epilayers after post growth
alloys and semiicoductr heteroatruoturee usually become thin Hg vapor annealing will also be discussed.
and result In field emission of the electrons due te tmsl
effect. Is the present paper,Zw stodied the magnets field E9 .1
emission from Hae/CdT* 8. and compared the sow with the
bolk specimen of constituting materials. The field emitted FREE-CARRIER INDUCED OPTICAL NONLINEARITIES IN NARROW
current density increases with electron ceoentrationand ANDGAP SEMICONDUCTORS. S. iY. Avag and P. A. Wolff*,
field strength in am osdillatory mne. te field emsso Massachusetts Institute of Technology, Cambridge, MA 02139
ifl 9aTO/CA!. SL is sweater than that of the censtituting
materials ad the theoretical results wre in agreement with
the experimental observations as reported elewhere. We have studied a variety of fast, free-carrier induced third order optical

nonlinearities in semiconductors by four-wave mixing experiments using
E8.- 10 C0 2 lasers. Among the materials studied, HgTe and HgCdTe compounds
INVESTIGATION OF LIQUID ENCAPSULANT FOR CdTo yielded the largest nonlinearities, partly because of their small energy
AND CdxHgjl-,Te MELT. Wang Caihao and Wu Won- bandgaps and effective masses. Third order nonlinear optical susceptibilities
hal, Department of Materials Science, Shanghai in excess of 2 x 10-3 esu have been observed in HgCdTe epitaxial layers.University of Science and Technology, Jiadinit. Frecrirnnierposesaeftwhrlatonimsnte
Shanghai. 200180, Chi na.Fe are olna rcse refswt eaaintmsi h

picosecond range. They are capable of inducing huge perturbations in the
The IXC. toczaniqu. has asot been able in be used dielectric function because they do no saturate at high laser intensities, as
successfully for the crystal growth of II-VI tesoe rcse o h ag olnaiisw bev r orsnncompounds due to the lack of suitable encapau- tesoe rcse o h ag olnaiisw bev r orsnn
lart having the following characteristics at and operate at room temperature. They do not require exact matching of
th4 crystal pulling tempnerature: lower melting the material parameter to the light frequency, although optimizing the
pciuht than the crystal grown, smaller speci fic energy band structures in superlattices can further enhance the optical
grayrity than the II-VI compound melt, high
boilung point, low vapor pressure, transparent, nonlinearity. These nonlinear processes have potential application in optical
wtting the S102 container andie II-VI mtt data processing.
but not reacting with then nor interseluble
with the II-VI melt. The encapeulant generally *Present address: NEC Research Institute, Princeton. NJ.
lased for the III-V compounds, D203 , has not all
these characteristics.

E9..2
According ttthe above requirements, among the NARROW-GAP NONLINEAR OPTICAL MATERIALS. E.R
IA- and IIA-halides only the chlorides can be ondlCA.Hfm ,J.RMeradFJ.BtliNvlR-considered. Thermodynamic calculation shows that Yugae .A ofa,..R eeadF .Broi aa e
IA and III elements can not be replaced from search Laboratory, Washington, D. C.; J. W. Han, J. W. Cook, Jr.,
their chlorides by Rg or Cd, and that IA- or IIA- and J. F. Schetzina, North Carolina State University, Raleigh, NC;
chlorides does not react with SL0 *. A lot of A. Martinez, Naval Surface Weapons Center, Silver Spring, MD,
mixtures, each composed of two chlorides, were
tooted. The estectie composition of these mix- We discuss an experimental study of optical nonlinearities in HgTe-
turesn were selected to lower the melting point. CdTe superlattices grown by MBE and Pbj..,Sn Se grown by hot-
Experimental results show 'that from them three wall epitaxy. These systems are attractive candidates for nonlinear
zixturmn of chlorides ca satisfy the demands of optical applications, since the electron effective masses are very lightthe encaposlant for CdTe and CdxIg1 ... To melt, in the region near zero energy gap. Third-order nonlinear suscep-

E8. 11 tibilities (X(3 ) ) have been determined by the non-degenerate four-
wave mixing technique, using a pair of grating-tuned, Q-switched

MBE GROWTH AND CHARACTERIZATION OF HIGH QUALITY CO 2 lasers. Measurement of the dependence of X(:) on fr-equency
EPITAXIAL Hgj1 xCdxTe THIN FILMS. M.S. Lee J. Do difference Aw has yielded relaxation times (T) for the dominant
Carlo, D. Di Manzia, and M. Kesselman, Grumman nonlinear mechanisms. In the superlattices r is found to decrease
Corporate Research Center, M/S A02-026, Bethpage, N.Y. with increasing energy gap, reaching a value of ;t1 pa in the wider
11714 gap samples. Open-gap superlattices show a stronger dependence

on laser power and temperature than do zero-ap superlattices, in
agreement with a theoretical calculation based on the optical heat-
ing of carriers. X (3) up to 4 x 10-5 esu is observed. A large -<(3) is

Reproducible and highly uniform epilayers of also obtained in Pbo.sSnO. 2Se (-- 2 x 10' esu). The nonlinear prop-
Hg 1 _CdxTe up to 11 ;Lm thick have been grown on (100)
CdTe substrates using molecular beam epitaxy. These

185



erties were studied in a Fabry-Perot configuration, and enhancement separated by a thin barrier layer and sandwiched between two barrier
of the four-wave signal will be discussed. The optical nonlinearities layers. Each layer thickness is - 30 - 100 A. Several QW's made of

nbhHgTe-CdTe superlattices and Pb SnSe films show no different II-VI semiconductors were studied to explore theirin both pwedesities to 400 show 2. applications in electrooptics at wavelengths ranging from 0.5 to 10
saturation at power densities up to 400 kW/cm2 . .

E9.3 A typical structure studied is a Hg-based multi-QW with two well
layers of Cdo.isHgo.s 2Te (75A) and Cdo.1 sHgo.s 2 Te (100A),

TRANSPORT PROPERTIES OF Hg-BASED SUPERLATTICES. separated by a Cdo.asHgo.1sTe (30A) barrier layer and sandwiched
C. A. Hoffman, J. R. Meyer, and F. J. Bartoli, Naval Research Lab- between two Cdo.s5Hgo.IsTe layers. At zero electric field, the band
oratory, Washington, D. C. gap of the QW structure is 120 meV at T = 300 K which

corresponds to a 10 pin absorption edge. The band gap changes by
The present understanding of band edge and free carrier properties more than 25 meV when the field strength is increased to 100
in Hg-based superlattices such as HgTe-CdTe is reviewed. We em- KV/cm. Whether the band gap increases or decreases depends on
phasize the large number of striking experimental results that have the direction of the applied field. Similar QW's with higher x-value

can cover the wavelength region up to 1 gm. CdMnTe can be usedbeen demonstrated in this material system, such as extremely high as a barrier material for even shorter wavelengths. In the green andhole mobility, equal electron and hole mobilities, mass broadening blue spectral region, ZnTe/ZnSe QW's can be used. Large band gap
of holes and a double transition of the superlattice from semicon- shifts exist in all the asymmetric QW's studied.
ducting to semimetallic and back to semiconducting with increas-
ing HgTe well width. These results are related to distinctive as- Potential applications of these QW's include high speed optical
pects of the superlattice band smodulators for fiber optic telecommunication, nonlinear optical

ds ofth nuearlalte ain estructures obtained theoretically. One devices, and even logic units with lasers, detectors and modulators
finds that nearly all of the main experimental results are qualita- all fabricated on a single substrate.
tively consistent with band structures calculated assuming a large
valence band offset, but are difficult to explain if the offset is small. * This work was supported by NSF through grant DMR-88-13525
The band structure for Hg-based superlattices thus appears to be and DARPA contract DAAL03-87-K-0153
fairly well understood, and the theoretical results imply a number
of unique properties which are not attainable in other materials. E9.6

Potentially, these may be exploited in new types of devices. NEW DEVELOPMENTS IN II-VI-BASED DILUTED
MAGNETIC SEMICONDUCTORS. J. K. Furdvna and N.
Samarth, Physics Department, University of

E9.4 Notre Dame, Notre Dame, IN 46556.

HgTe-CdTe MULTIPLE QUANTUM WELLS. C. A. Hoffman, D.
J. Arnold, J. R. Meyer, and F. J. Bartoli, Naval Research Labora- semiconductor (DMS) alloys belong to the
tory, Washington, D. C.; Y. Lansari, J. W. Cook, Jr., and J. F. A'-xM.n.BV' family of materials. These systems
Schetzina, North Carojina State University, Raleigh, NC. have been investigated for several years, and
A series of high-qua'ty HgTe-CdTe multiple quantum wells have have been extensively reviewed. In this paper,
been grown by MBE onto lattice-matched [100 Cd..zZn.Te sub- we describe recent developments in both bulk and

epitaxial growth of II-VI-based DMS alloys,strates. While most previous studies of the HgTe-CdTe system have focusing on two nascent areas of research: a)
involved superlattices with relatively thin (5 60 A) CdTe barri- crystal phases such as cubic (zinc-blende)
ers, the -. 100 A barriers of the present samples prevent significant Cd.-,.Mn-Se which were previously inaccessible
tunneling between neighboring wells. Since the energy bands then by conventional bulk growth techniques but which
have no dispersion in the growth direction, the "mass-broadening" can be stabilized by molecular beam epitaxy and

b) DMS alloys such as Cd.--Fe-Se and Zn.--CoSephenomenon which has a large effect on the transport and magneto- that contain the magnetic ions Fe' and Co"
optical properties of HgTe-CdTe superlattices, is eliminated. De- instead of Mn 2. We will describe the growth of
tailed magneto-transport measurements as a function of magnetic these systems, and their characterization by
field and temperature have been treated by a mixed conduction anal- x-ray diffraction, transmission electron
ysis. Accurate energy gaps have been obtained from the temperature microscopy, reflectivity, magnetization, Raman

dependence of the intrinsic carrier density. Although samples with scattering and neutron scattering.

well thicknesses dw = 68 and 160 A are found to have gaps near
zero, an energy gap of 16 meV has been determined for a structure E9 .7

with intermediate dw (128 A). This represents the first experimen- MAGNETIC PROPERTIES OF NOVEL Ill-V DILUTED MAGNETIC SEMI-
tal confirmation of a second semiconducting region which had been CONDUCTORS. S. von Molnir H. Munekata. H. Ohno and L. L.
predicted theoretically. We also find that for the range of well thick- Chang, IBM Research Division, T. J. Watson Research Center,

nesses studied, the temperature at which the electron mobility has Yorktown Heights, NY 10598, USA.
its peak is more sensitive to the band structure than to the particular The temperature and magnetic field dependence of the semiconduc-
scattering mechanisms. Due to the negative temperature coefficient tors InAs and GaAs containing up to 10% Mn are reported. All sam-
of the effective mass, u. in thick-well samples increases with T well pies were - 2-/im thin films prepared by molecular beam epitaxy
into the region where phonon scattering dominates the momentum (MBE) at growth temperatures varying between 150-4000C (1). Major
relaxation, results may be summarized as follows: 1) The magnetization of the

materials are extremely sensitive to small (-5WC) changes in growth
E9.5 temperature; 2) Higher growth temperatures lead to two distinguish-

ELECTRIC FIELD EFFECTS IN HG-BASED AND NON-HG- able contributions to the magnetization. The major component is
BASED ll-Vl SEMICONDUCTOR QUANTUM WELLS*. Z. ferromagnetic with T.2f300K, similar to MnAs, while the remainder

Ymg, J. F. Schetzina. Physics Department, North Carolina State obeys a Curie-Weiss law; 3)Lower growth temperature leads to alloy
University, Raleigh, NC. 27695-8202 formation as evidenced by typical Curie-Weiss behavior with

O P22 ± 5K and Curie constant C=0.01 ± 0.0015K-1 for a sample
We report here a theoretical study on the effects of an external containing 9% Mn. These properties will be compared to the more
electric field applied across an asymmetric quantum well (QW) conventional diluted tI-VI systems.
structure composed of Il-VI semiconductors. An asymmetric QW (1) H. Muneksta at. al., submitted to 10th MBE Workshop, Raleigh.
structure is made of two thin well layers with different thicknesses N.C., September 1989.
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E9. 8 Chandrasekhar, University of Missouri, Columbia, MO; I.Miotkowski and
TEM STUM CF DEFECT'S IN Cdre/CdzrrTre SiPXATrIc~ CNI (100) A.K. Ramdas, Purdue University, W. Lafayette, IN.
InSb. S Dianvmd & J1 W. Sted, Physics Department,
University of Bristol, *Bstol I TL, UK We report photoluminescence studies of the diluted magnetic semiconductor

alloy Cd I -MnTe for x= 0.05,.0.15 and 0.20, under hydrostatic pressure
Cc~r/Cd.,-,T suprlaticeswithx ^ 0.2 arnd well/barrier in adiamond anvil cell at 5to 100KC The alloys were p-doped so as to

thcnse agn fprao 2 ith 30AwrX xmndvapa allow a study of the acceptor bound magnetic polaron (ABMP). We can
anid cross-sectional TEM in analytical instruments capable clearly observe the AOX and the c-A 0 transitions. The separation between
of WDX and CL. misfit, inclined andi threaing these transitions has a Coulombic part (which is temperature independent)
di~locatims were observed with a net density of around and a magnetic part (which decreases with increasing temperature) 1. The

10 anmagnetic part is due to the binding energy of the ABMP.

It was observed that the sense of the (1111 plane involved, We find that the separation between the exciton and c-A0 decreases as ain term of the Cd1e crystal polarity, affected th ucinoersur fo 7t 0me o .5.Thsi lal o
behaviour of these dislocations. These dislocations fnto fpesr fo 7t 0mVfrx=00) hsi lal o
runniing on (111]a B type Te trinated plne tended to lattice constant effect, since a decreasing separation beween Mn 2+ ions
dissociate into - (112> type Shockley partials with the would increase the binding energy. We expect mechanisms such as
generation of a stacking fault, whiereas those on (111) A changes in the dielectric constant, exchange integrals and wavefunction
type terminated planes did not. No correlation was seen overlap to play competing roles. The pressure coefficients of both the
between quantum well thickness and defect density arid th exciton and the c-A0 transition have a predominantly linear term, and smallgood quality of interface sharpness and quantum well ulierboig
thicknesses were riot affected by dislocations. ulnaboig

In this system the lattice mismtob of 1-4.103 between IM. Bugajski. P. Becla, P.A. Wolff, D. Heiman and L. R. Ram-Mohan, Phys.
Cd. 5 WIOL Te and CdTe is more iuportant than that of Rev. B 38, 10512 (1988).
2.5 10-4 betw~een Cdre and insb. Consquently, of the The work at the University of Missouri was supported by the U.S. Army
misfit dislocations observed, inost were seen at th Research Office under grant number DAAL03-86-K0083 and the U.S.DOE underinterface betw~een the Cdl'e arnd Cdftte buf fer layers, arnd
within the superlattice rather than at the substrate an grant number DE-ACO2-84ER45048; the work at Purdue University was
Cdl'e interface. This suggests that half loop dislocations supported by the National Science Foundation grant number DMR-85 -20866.
glide in fran the surface rather than fran sources within
th crstl 310.1

E9 ~OBSERVATIO OF M' TRIPLE CLUSTERS AND NON-
E9.9NEAREST NEIGHBOR EXCHANGE EFFECT' IN (Cd.Mn)Te. Xjigwmj

In AND Ga ALITODOPING OF CdlhiTe EPILAYERS GROWIN ON _Wang D. Heiman, S. Foner, and P. Bedsa, MIT Francis Bitter National
hISb AND GaAs SUBSTRATES. J..Dbowk J.M. Wrobel, Magnet Laboratory, Cambridge, MA 02139
S. Rolfe, Laboratory for Mlcrostructural Sciences, NRCC, Ottawa,
Canada, JA Jacktman, Metals Technology Laoaois CANMEr, Diluted magnetic semiconductors are excellent hosts for the study of the
Ottawa, Cartada; anid J.H. Mazur, University of Southern California, quantum structures of spin clusters. Here we provide quantitative evidence

Mateial ScenceandEngneeing epatmet, ~oe ngeesCA.of magnetic ion triplet clusters and of the saturation of magnetic ion pairs.Mateial Scenc an EngneeingDeprtmnt, os ngeesCA. Magnetization measurements using a Faraday rotation technique on
Epitaxial layers of Cd, Mn To ( 0 s x < 0.60) were growni on Cd,.,MnTeup to 60 Tatliquidheium temperature am reported. The
(111) GaAs and (001) lab substrates by pulsed! laser evaportIon magnetic fields were furnished by the pulsed-field facility at the MIT
and spitaxy (PLEE). Autodoping of tMe layers with In and Ga, en.d Franlcis Bitter National Magnet Laboratory.
the quality of the interface we both Investigated with seconidary For x -0. 1, the measured magnetization M(B) versus field B is composed
ion mass spectroscopy (SIMS), low-temperature photolumlnesceno of three different linear regimecs. The increase of slope at -30 T come-
(PL) and high resolution transmision electron mirscp sponds to the onset of open triplet clusters, and the decrease of the slope
(HRTEM). The layers were grown at a rat of - 1 pm/h an at -52 Tisatributed to the saturation of pairs. 'Me experimental data is
substrates held at temperatures ranging from 200 to 300 OC. Th compared to calculated contributions from different types of clusters in a
study were carried out on sgrown layers and samples annealed nearest-neighbor cluster modeL. Overall good agreement is obtained.
at 400 -700 *C.

A sinifcan cocenraton f G an Inwasfoud I th laersFurther-neighbor interactions are included by introducing an average
A s~iflantconentatio ofGa nd n w~ fo~ndin I8~ echange bias field & This bias field is more pronounced in the present

grown on both Ga&s and InSb substrates. This onrfirms shtr experimnt, with higher x and higher B than previous pair-step experi-
observats concerning CdTo grown on GaAs and InSb. Ion mints. By quantitative analysis of the data for pairs, we find a linear
imaging studies revealed that Ga and I most often accumulate relation between,& and MK independent of x (for x! 0.1). This relation
near the film surface at localized spots of up to aboutt 5 pm x 5 pm allows us to determine the coupling constant of next-nearest-neighbor
In size. Sometimes channels of accumnulated Ga and in Impurittes interactions, J,'kl, - -1.1 K. within a mean-field model.
extended from the surfae to the layer-substrate Interface.
Annealn of the samples does not seem to affect the size of
precoptated 'hot spot of Ga and In, however It causes th This work was supported by NSF under Grant No. DMR-8807419. and
average concentration of Ga and In In the layers to Increase above DARPA-N00014-860760.
106 cm-3.

E10. 2
Photoluminesc0nce spectra show that In some cases annealing THE EFFECT OF DZYALOSHINSKI-MORIYA INTERACTION ON
replaces the sharp excitonic kne with a broad band at a lower THE MAGNETIZATION OF DILUTE MAGNETIC SEMICONDUC-
energy. MostVkelOt lband resuft from theflormaton of Goand TORS. C. R. Mclntyre*, M.I.T.; P. A. Wolff,M.I.T.
In related complexes. CabigM; .Saia Tufts University,

Medford, MA.
E9.10

PHOTOLUMINESCENCE STUDIES OF DILUTED A theoretical investigation of the effect
MAGNETIC SEMICONDUCTORS UNDER HYDROSTATIC Dzyaloshinaki-Moriya (DM) interaction on Mn spin
PRESSURE:Cdl1 1 Mn 1T. M. Prakash, M. Chandrasekhar, and H.R. pairs will be presented. The D M interaction is

an anisotropic superexchange mechanism responsible
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for weak fe romagnetism in antiferromagnetic aspects for epitaxial growth of semiconductors alloyed with transition
insulators.1 Recently, theoretical and experimen- metals and doped with impurities. Doping of I-VI semiconductors relies
tal inves:igations on dilute magnetic semi onduc- on targets of ZnP2Por Zn1As2 forp-doping, andGaSe or InSe for n-doping.
tors (DMS) have focused on DM interactions. ,3 We report results for these systems grown by laser ablation techniques.
This interaction can couple states of different
total spin, thereby affecting the magnetization Work supported by NSF DMR-8807419 and DARPA N00014-86-0760.
of DMS. We investigate the coupligg of the ground
state S=0 to the S=1 level for Mn

+ ' pairs in the E1O.5
presence of a magnetic field. Calculations have
shown the field- and superexchange-dependent PHOTOLUMINESCENCE OF ZnSe FILMS AND ZnSe/ZnMnSe
energies and eigenstates of spin pairs. The dif- STRAINED LAYER SUIPERLATTICES UNDER HYDROSTATIC
ferential magnetization has been calculated and PRESSURE. Judah A. Tuchman, Zhifeng Sui, 10ingE.jeMn,
will be compared with results from pulsed magnetic Departmentof AppliedPhysics, Columbia University, New York, NY;
field experiments. Implications for spin-lattice R. L. Gunshor, School of Electrical Engineering, Purdue University,

relaxation via the DM interaction will be WestLafayette, IN; LA. KolodziejskiDepartmentofElectical
mentioned. Engineering, Massachusetts Institute of Technology, Cambridge, MA.

*IBM Graduate Fellow Strained and ustrained ZnSe films and ZnScr nMnSe strained layer

1. T. Moriya, in Magnetism, ed. G.T. Rado and H. superlattices grown on GaAsby molecular beamepitaxy have been studied

Suhl,(Academic Press, New York, 1963) ,vol. 1. by phooluminescence (PL) as a function of hydrosaic pressure.

2. B. E. Larson, Ph.D. thesis, Harvard Univ.,1988. Measumremntsweremadeat9Kuptopressuresof40kbarusinga
3. Y. Shapira et al., to be published in Solid diamondvilcl The ergyofeachhoftheexcomcfaturesof

State Communications. uistrained ZnSe films was found to increase by - 6.4 meV/kbar, while
those in ZnSe/Zno.67Mno.33Se SSL's appeared to increase slower with
pressure, - 6.0 meV/kbar. Moreover, the broad and asymmetric PL

E10. 3 spectrum of this SSL at ambient pressure was found to become narrower

IN-SITU STUDIES OF SEMIMAGNETIC and moe symmetric with inreasing presure.

HETEROJUNCTION PARAMETERS. Xiaohua Yu A. This work was supported at Columbia by the Joint Services Electonics

Raisanen, G. Haugstad, N. Troullier, and A. Franciosi, Program Contract DAAL03-88-C-0009 and at Purdue by the Office of

Dept. of Chemical Engineering and Materials Science, Naval Research Contract N00014-82-K0563.

University of Minnesota, Minneapolis, MN 55455.
El0.6

We have conducted a systematic study of Ge-Cd 1.MnxTe MAGNETO-OPTICAL STUDIES OF ZnFeSe/ZnSe/ZnFeSe
QUANTUM WELL STRUCTURES. X. Liu and A. Petrou,

heterostructures prepared in-situ by deposition of SUNY at Buffalo, NY; B.T. Jonker, G.A. Prinz and

polycrystalline Ge onto atomically clean J.J. Krebs, NRL, Washington,D.C.; and J. Warnock,

Cd1 .,MnTe(110) surfaces. We examined by means of IBM, Yorktown Heights, MY.

high resolution synchrotron radiation photoemission the Magneto-reflectance studies were carried out on

three ZnFeSe/ZnSe/ZnFeSe quantum well structures
valence band offset Ev as a function of the substrate with L(ZnFeSe) =l0ol and L(ZnSe) -100,150 and 200A

composition x (x=0, 0.35, and 0.60) and bandgap Ea  grown by MBE. The Fe molar concentration was 0.1.
( The spin splittings of the heavy hole excitons

(Eg-1.47, 1.93, and 2.13 eV), and probed atomic were studied at T=4.2K in magnetic fields up to

interdiffusion across the interface by monitoring the 8T. The heavy hole excitons in the Faraday

coverage-dependence of the characteristic overlayer geometry split into two components. A lower energy
one with polarization 6+(-3/2-->-1/2) and a higher

and substrate core emission. We find AE,.0.54±0.15eV component with polarization 6-(3/2-->1/2). The two

in all cases, no dependence of AEV on substrate Eg components show a marked asymmetric behavior as

function of magnetic field B. The 6+ component

within experimental uncertainty, no evidence of Te-Ge shows a strong magnetic red shift, and becomes

interdiffusion, and limited Cd outdiffusion in the Ge weaker with increasing field. The 6- component, on

the other hand, initially shows a magnetic blue
overlayer. These findings indicate that within the range shift up to B,2T and then saturates. This behavior

of "validity of the transitivity rule, can be quantitatively understood as follows: The

Cdj1 .MnxTe-Cd 1 .yMnyTe heterojunctions may actually magnetic field induced splitting of the heavy
. holes inside the ZnFeSe layers overwhelms the

follow the much maligned common-anion rule. zero-field band off-set at a relatively modest
applied field. The -3/2 holes become localized in

E10.4 the ZnFeSe layers while the +3/2 holes remain in

the ZnSe layer. In the conduction band, however,

NOVEL PROPERTIES OF MAGNETIC SEMICONDUCTORS the two spin components of the electrons remain
GROWN BY MONOLAYER DEPOSITION USING LASER-TARGET localized in the ZnSe layer. This results in type-
ABLATION. X.-kcn, C.A. Huber, and D. Heiman, MIT Francis I behavior for the 8.and type-II for the 6+
Bitter National Magnet Lab., Cambridge, MA 02139 components of the heavy hole excitons. The

asymmetry associated with the spin segregation of

Ordered crystal structits such as Cd WnT¢ have several advantages. the heavy holes provides an accurate measure of
Short-rangeordering of magnetic ionsin Cu2 GeMnS, has been shown to the valence band offset in this system.
give magnetic enhancements (lOX), which may lead to similar enhance-
ments in (Cd,Mn)Te of magneto-optical properties like Faraday rotation El0.7
and magnetically-tunable lasers. Although being mor difficult to achieve,
long-range ordering of the cations in alloys like (Zn.Mn)Sc or (In,Ga)As TRANSITION METAL DONOR LEVELS IN Il-VI SEMICONDUC-
should reduce alloy-related carrier scattering and level broadening. This TORS. . Heiman. M. Dahl. J. Perkins, X. Wang, X.-L Zheng, and P.
is important for effects that require resonant energy levels. One method Bela, MIT Francis Bitter National Magnet Lab., Cambridge MA 02139;
of generating such ordering is by sequential layering of different atomic K. Smith. J. Marsela K. Dwight. and A. Wold, Chemistry Department,
monolayers using epitaxial crystal growth. Layer-by-layer growth using
laser-ablated targets has some advantages over other epitaxial technioues
like MBE A multiple-target UHV growth apparatus at MIT exploits these
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Brown University, Providence, RI 02912; A. Mycielski, Institute of that, even in the cubic field, the levels exhibit an anisotrop.y
Physics, Academy of Science, Warsaw which manifests itself in an anisotropy of the magnetization, M,

in the regime in which R is not a linear function of the magnetic
Transition metal impurities (Sc, V, Ti, Fe) provide dense donor levels in field B. The study includes all the levels in the lowest terms of
U-VI semiconductors. We examine two configurations - donor levels the (3d)' (n=6,7,8,9) configurations. The calculations are car-
that lie above the conduction band (e.g. HgSe:Fe and CdTe:Sc) and ridgap
donor levels (e.g. CdSc:Fe and ZnSe:V). In HgSe:Fe the mixed-valence tied out to second order in the spin-orbit interacion and in 9 for
Fe2+/Fe' + system allows for Coulomb repulsion between Fe3+ ionized the lowest orbital states and to first order in B for the excited
donors which induces spatial charge ordering. We report results of studies states. The g-factors of all the levels are obtained including their
ofW )heterostrctures such as CdSe:Fe/HgSe in which the screeningdonor anisotropy for the Co2 + and Cu 2+ 

I s states.
electrons are removed from the Fe" in the CdSe barrier layer and fall into
the 2D quantum well in the HgSe layer. This type of 2D structure shows This work supported by the National Science Foundation (Grant
charge-ordered mobility enhancements at temperatures higher than those
observed in 3D materials. In other systems, in which the transition metal No. DMR 86-16787) and by the North Atlantic Treaty Organi-

has a mid-bandgap donor level, an important process is the optical zation (Research Grant No. 0759/87).
transition (Fe3* -+ conduction band] and the transition [valence band -*
Fe3l. Examples of optical pumping on these systems will be presented. E1O. 10

RAMAN SPECTROSCOPY OF A NOVEL DILUTED MAG-

Supported by DMR-8601345, DMR-8813164, NSF DMR-8807419 and NETIC SEMICONDUCTOR: CUBIC Cdl-.Mn1 Se. R.G.
DARPA N00014-86-0760. Alonso, E.-K. Suh, H. Pscher*, E. Oh and AX Ramdas Pur-

due University, West Lafayette, IN; and N. Samarth, H. Luo and
E1O.8 J.K. Furdyna, University of Notre Dame, Notre Dame, IN.

MAGNETIC STUDY OF Fe-BASED II-VI DILUTED MAGNETIC
SEMICONDUCTORS. H.J.M. Swar_ n, Department of Physics, In contrast to the bulk diluted magnetic semiconductor (DMS)
Eindhoven University of Technology, The Netherlands, A. Cdl_,Mn.Se which occurs with the wurtzite structure, its epi-
Twardowski, Institute of Experimental Physics, Warsaw University, layers grown on (001) GaAs substrate by Molecular Beam Epi-
Poland, C.E.P. Gerrits and W.J.M. de Jonge, Department of Physics, taixy exhibit the cubic zinc blende structure Samarth st al.
Eindhoven University of Technology, The Netherlands. Appl. Phys. Lett. 54, 2680 (1989)]. Raman spectroscopy and

photoluminescence studies on this novel DMS show (1) a "two
The Fe-based Diluted Magnetic Semiconductors (DMS) represent a mode" behavior of the zone center optical phonons, (2) large
novel class of materials. In contrast to Mn, the additional electron of Raman shifts associated with the spin-flip of donor-bound elec-
the 3d-configuration of the Fe

2
* occupies e-orbitals located above trons and (3) huge Zeeman shifts of an excitonic component.

the valence bands. The position of the energy levels of the magnetic The large magnetic field dependence in (2) and (3) and satura-
ions with respect to the band structure is generally assumed to be
intimately related to the character and strength of the d-d tion at high fields and low temperatures show that the large sp-d

interaction. On the other hand, Wei and Zunger have suggested a exchange interaction characteristic of DMS's is also manifested
negligible hybridization of these states with the band structure and strikingly in the zinc blende phase of Cd-..MnxSe. The paper
consequently, the energy gap of Fe-DMS should not influence the will also present results on superlattices consisting of
magnetic properties drastically. Cd 0 .. Zn 0 .jSe/Cd0Mn0 .1 Se and Cdo0 Mno.1 Se/ZnSe where the
Magnetically, various compounds of the II-VI group Fe-DMS have
been studied in a detailed way, such as Zn(Fe)Se, Zn(Fe)S, Cd(Fe)Se constituent layers have the zinc blende structure.
and Hg(Fe)Se. In all these systems it seems that for low Fe
concentrations the magnetic properties are dominated by the * Permanent address: University of Bayreuth, Federal Republic
crystal-field induced singlet ground state of the Fe2*-ion. It should of Germany.
also be emphasized that no effect of the energy gap is clearly visible in Research supported by DARAP-URI (ONR Contract No.
the data, which is consistent with the above-mentioned small N00014-86-K-0760); NSF Grant Nos. DMR-86-16787 and DMR-
hybridization of the e-orbitals. The thermodynamic properties can, in 85-20866.
principle, be described by the crystal-field model including an AF
interaction between the spins, which is roughly a factor two larger
than it was for Mn. E10.11
For higher concentrations evidence for the AF interaction between Fe THE INFLUENCE Or re DONORS IN HgS, ON FREE-CARRIER
ions is visible, for instance in the decrease of the excess specific heat SCATTERING MECHANISM. Qian Dingrong, Zhang
per Fe-ion with the Fe-concentration, but also in the strong
reduction of the magnetization. For Zn(Fe)Se in high magnetic fields, J .min, Zhou Qun, Liu Kun, Lab for Infrared
the crystal-field model predicts steps in the magnetization, at Physics, Shanghai Institute of Techni-_al Physics,
Ba 35 T, which is not reflected by the data. In this respect, the role of Academia Sinica, China; W. Szusakioeicz, Institute
the orientation of the sample will be discussed. of Exp rimental Physics, Warsaw University,

Warsaw, Poland; A. Nyciolsk, Institute of
E10.9 Physics, science Academia oZ Poland, Warsaw,

ENERGY LEVEL SPECTRA OF TRANSITION METAL IONS Poland.
IN DILUTED MAGNETIC SEMICONDUCTORS. Murielle
Villeret, S. Rodriguez, Purdue University, West Lafayette, IN; It was previously reported that Dingle temperature
and E. Kartheuser, Universit6 de Liege, Liige, Belgium. in Hg9S sample with iron concentration higher than

about 5x10 18  ca -3  strongly decreases at low
We present a study of the low lying energy levels of Fe2 4 , Co2 , temperature while the electron mobility apparently
Ni2 4 and Cu2 + in diluted magnetic semiconductors such as increases. This has been accounted for by a model
Cd_,Co.Te and Cdl 1 Co.Se and their counterparts. In the of "charge-suprlattice" formed by the ionized
first of these compounds the magnetic ion sits on a site of sym- resonant Fe donors in the lattice of crystal. The
metry Td while in the second the symmetry is trigonal (C3 ). space ordering of ionized Fe donors, in return,
We develop a formulation that permits a continuous variation excludes the low-momentum-transfer scattering
from Td to C3, symmetry. Comparison with experimental data processes, and hence should substantially affect
in Cdt-1 CoSe shows that the C3, distortion amounts to about free-carrier absorption in view of the fact that
10% of the crystal potential at the Co2 + site. Our study of the the exchange of momentum with lattice in crucial
energy spectra of Fe2 + in Td and C3, crystal potentials reveals
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for a band electron to be excited by a photon to E10.12
higher state in energy band. FREE EXCITON MAGNETOSPECTROSCOPY OF CdFeSe DILUTED

MAGNETIC SEMICONDUCTOR. A.Twardowski, K.Pakula,
A comprehensive infrared study on HgSe:Fe amples Institute of Exp.Physics, Warsaw

with Fo concentration ranging from I.51x018 m-3 University,Warsaw, Poland, M.Arciszewska,
A.Mycielski, Institute of Physics, Polish Academy

to 7x1019 cm - 3 has been performed, for the first of Sciences,Warsaw, Poland
time, in the temperature range 1.eK'T'300K for
transmission spectra, and at room temperature for A novel class of Fe-based Diluted Magnetic

Semiconductors (DMS) attracted recently a
reflctivity spectra, respoctively. It has been considerable interest. The Fe** substitutional
found that the scattering mechanism in samples ions in these compounds posses both spin and
with Fe density loss than 5W101 cm "3  is ionized- orbital momenta (S=2, L=2), which leads to
impurity scattering at all measured temperatures, substantially different, in respect to Mn-based
While it is no longer ionized-impurity scattering DMS, magnetic behaviour of these materials. The

optical properties, specially those concerning the
at low temperatures for samples with Fo density s-d exchange interaction between the Fe ions and
higher than 5x0i6 cm- 3. This is a new evidence of the band electrons, are relatively unexplored yet.
the "charge-superlattice" model. In particular the s-d exchange involving valence

band electrons (which is related to d-d exchange

It has also been found that Drude theory describes between the Fe ions) has been studied only for
cubic ZnFeSe so far. In this paper we report the

the measured free-carrier absorption and free exciton magnetospectroscopy results for
refloctivity in HgSe:Fo very well and the hexagonal Cd,-.Fe.Se (x(0.08) obtained at T=1.9K
predominant scattering mechanism at room and magnetic fields up to 5T, for both magnetic
temperature is ionized-impurity scattering for all field parallel and perpendicular to the crystal c

samples. However, for samples with Fo density less axis. Strong exciton splitting in a magnetic field
is observed, generally in accordance with the

than Sx1018 ca "3 , the damping parameters are situation encountered for ZnFeSe. The exciton
wavelength-dependent, while for samples with Fo splittings reveal strong anisotropy depending on
density higher than 51i018 cm - 3 , the damping magnetic field orientation, as expected for
parameters are wavelength-independent which means hexagonal crystals. Combining the spectroscopic

that the carriers in samples encounter scattering data with the magnetization measured on the very
same samples we determine the s-d exchange

differently. In other words, the momentum interaction parameters for CdFeSe. We also discuss
relaxation time changes from energy-dependent to the chemical trends of the s-d and d-d parameters
energy-independent while the Fermi level is within the Fe-based DMS class.
approaching Fo level.

In conclusion, Fo ions play a remarkable role in

the scattering processes in HgSe.
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SESSION Fl: DIAMOND FOR ELECTRONICS: 11:00 FIa
GROWTH AND CHARACTERIZATION MICROWAVE CVD OF DIAMOND USING METHANOL-RARE
Tuesday Morning, November 28 GAS MIXTURES, M. Buck, T.J. Chuang and H.

America South (W) Seki, IBM Almaden Research Center, San
- "Jose, CA.

SYMPOSIUM F presentations
may be viewed simultaneously 11:15 F1.8

in the Suffolk Room, EFFECTS OF 02 ADDITION ON DIAMOND GROWTH: IN
Marriott Hotel. SITU SPECIES MEASUREMENTS AND MODELING,

Stephen J. Harris, General Motors Research
Labs, Physical Chemistry Department, Warren,

8:30 *F.1 MI.
THE ELECTRONIC AND OPTICAL PROPERTIES OF
DIAMOND; DO THEY FAVOUR DEVICE APPLICATIONS? 11:30 F1.9
A.T. Collins, King's Colliege London, Wheat- MORPHOLOGY OF DIAMOND FILMS GROWN BY DC
stone Physics Laboratory, London, United PLASMA JET CVD, Kazuaki Kurihara, Ken-ichi
Kingdom. Sasaki, Montonobu Kawarada and Nagaaki

Koshino, Fujitsu Laboratories, Functional
9:00 *Fl.2 Material Laboratory, Atsugi, Japan.

ATOMIC HYDROGEN IN CVD DIAMOND GROWTH,
Thomas R. Anthony, General Electric Cor- 11:45 FI.10
porate Research and Development Center, OXYGEN EFFECT IN DIAMOND DEPOSITION AT LOW
Schenectady, NY. TEMPERATURES, Y..Lig , A. Inspektor, R.

Weimer, D. Knight, and R. Messier, The
9:30 F1.3 Pennsylvania State University, Materials

THERMODYNAMICS AND THE CVD OF DIAMOND, Research Laboratory, University Park, PA.
Walter A. Yarbrough, Pennsylvania State
University, Materials Research Laboratory, SESSION F2: DIAMOND GROWTH
University Park, PA. AND CHARACTERIZATION

Tuesday Afternoon, November 28
9:45 E1.4 America South (W)

STUDIES OF DIAMOND GROWTH PROCESSES FROM
CHEMICAL VAPOR DEPOSITION, C. Judith Chu, SYMPOSIUM F presentations
Benjamin J. Bai, Robert H. Hauge, Mark P. may be viewed simultaneously
D'Evelyn, and John L. Margrave, Rice Univer- in the Suffolk Room,
sity, Department of Chemistry, Houston, TX. Marriott Hotel.

10:00 BREAK
1:30 F2.

10:30 EL. ELECTRON CONTROLLED CHEMICAL VAPOR DEPOSI-
SCANNING TUNNELING MICROSCOPY INVESTIGATION TION OF DIAMOND THIN FILMS ON VARIOUS SUB-
OF DIAMOND FILMS ON HIGHLY ORIENTATED PYROL- STRATES, Yong-Hee Lee, Klaus J. Bachmann,
YTIC GRAPHITE SUBSTRATES, A. Peter Jardine, and Jeffrey T. Glass, North Carolina State
Fen-Chu Tseng and F.F.Y. Wang, State Univer- University, Department of Materials Science
sity of New York, Stony Brook, Department of and Engineering, Raleigh, NC.
Materials Science, Stony Brook, NY.

1:45 EL.Z
10:45 F1.6 KrF* LASER-INDUCED CHEMICAL VAPOR DEPOSITION
ADSORPTION OF HYDROCARBON RADICALS ON THE OF DIAMOND, George W. Tyndall and Nigel P.
HYDROGENATED DIAMOND SURFACE, Mark R. Hacker, IBM Almaden Research Center, San
Pederson, Kobiar A. Jackson and Warren E. Jose, CA.
Pickett, Naval Research Laboratory, Complex
Systems Theory Branch, Washington, DC. 2:00 F2.

INVESTIGATIONS OF EXCIMER LASER EFFECTS ON
CVD DIAMOND GROWTH, P.E. Pehrsson, H.H.
Nelson, F.G. Celii, Naval Research Labora-

*Invited Paper tory, Washington, DC.

Short Course M-06, "Growth and Characteriza- 2:15 L2A
tion of Diamond and Diamond-Like Films," may AN NMR STUDY OF DIAMOND THIN FILMS, Karen M.
be of interest to symposium attendees. McNamara and Karen K. Gleason, Massachusetts
Details regarding course dates and instruc- Institute of Technology, Department of
tors are provided in the short course sec- Chemical Engineering, Cambridge, MA.
tion of this program.

2:30 BREAK
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2:45 F2.5 SESSION F3: POSTER SESSION
DIAMOND POLYTYPISM: DIFFRACTION, VIBRATION- Tuesday Evening, Novembei 28
AL BEHAVIOR, AND OPTICAL PROPERTIES, A.W. 7:00 p.m.- 10:00 p.m.
Phelps, Diamond Materials, Inc., State America Ballroom (W)
College, PA: K.E. Spear, W. Howard, D.
Huang, and W.B. White, The Pennsylvania F3.1 A STUDY OF THE ELECTRONIC STRUCTURE
State University, University Park, PA. NEAR INDIVIDUAL DISLOCATIONS IN DIAMOND BY

ENERGY LOSS SPECTROSCOPY, J. Bruley, and
3:00 F2.6 P.E. Batson, IBM T.J. Watson Research Cen-

DOMAIN SIZE DETERMINATION IN DIAMOND THIN ter, Yorktown Heights, NY.
FILMS, Y.M. LeGrice, R.J. Nemanich, North
Carolina State University, Department of F3.2 CHARACTERIZATION OF HEAVY METAL
Physics, Raleigh, NC. CONTAMINATION IN DIAMOND FILMS USING SIMS

AND TOTAL REFLECTION X-RAY FLUORESCENCE
3:15 F2.7 (TXRF), R.S. Hockett, Charles Evans and As-

CHARACTERIZATION OF THIN FILM AND SINGLE- sociates, Redwood City, CA; and James
CRYSTAL CVD DIAMOND BY ABSORPTION AND LUMI- Knowles, Crystallume, Inc., Menlo Park, CA.
NESCENCE SPECTROSCOPY, A.T. Collins, King's
College London, Wheatstone Physics Labora- F3.3 MODELLING OF DIAMOND HETEROSTRUC-
tory, London, United Kingdom; M. Kamo and Y. TURES FOR ELECTRO-OPTICAL APPLICATIONS, A.
Sato, NIRIM, Ibaraki, Japan. Altshuler, S. Broude, C. Hantzis, A.S.

Karakashian, University of Lowell, Physics
3:30 E1 Department, Lowell, MA.

EFFECT OF DOPING WITH NITROGEN AND BORON ON
CATHODOLUMINESCENCE WITH CVD-DIAMOND, F3.4 INFRARED AND RAMAN CHARACTERIZATION
Yoshihiro Yokota, Hiroshi Kawarada, Yusuke OF THE HYDROGEN ENVIRONMENTS IN DIAMOND AND
Mori, and Akio Hiraki, Osaka University, DIAMOND-LIKE FILMS. Y.M. LeGrice, E.C.
Department of Electrical Engineering, Buehler, R.J. Nemanich, North Carolina State
Faculty of Engineering, Suita, Osaka, Japan. University, Department of Physics, Raleigh,

NC; J.T. Glass, North Carolina State Univer-
3:45 BREAK sity, Department of Materials Science and

Engineering, Raleigh, NC; K. Kobashi, Kobe
4:00 F2.9 Steel, Ltd., Electronics Technology Center,

PHOTOLUMINESCENCE SPECTROSCOPY OF DIAMOND Kobe, Japan; F. Jansen and M.A. Machonkin,
FILMS, J.A. Freitas. Jr., Sachs/Freeman Xerox Corporation, Webster, NY.
Associates, Landover, MD; J.E. Butler, S.G.
Bishop, Naval Research Laboratory, Washing- F3.5 ELECTRONIC STRUCTURE AND ENERGY
ton, DC; W.A. Carrington, University of PARAMETERS OF DIAMOND NUCLEI - A FIRST
South Florida, Tampa, FL; and U. Strom, PRINCIPLES CLUSTER APPROACH, A. Altshuler,
Naval Research Laboratory, Washington, DC. M. Wilner, C.C. Ai and Y.C. Yang, University

of Lowell, Physics Department, Lowell, MA.
4:15 F2.10

CW FOUR-WAVE MIXING IN SYNTHETIC DIAMOND, F3.6 EFFECT OF DIFFERENT H2-CH 4 GAS
D.A. Reda and S.C. Rand, University of COMPOSITIONS ON THE MORPHOLOGY AND GROWTH
Michigan, Department of EECS, Ann Arbor, MI. RATE OF DIAMOND GROWN BY HOT FILAMENT CVD,

Edward N. Farabaugh and Albert Feldman,
4:30 E2.11 National Institute of Standards and Technol-

MODELLING OF A Ag/DIAMOND/n-GaAs PHOTODIODE ogy, Optical Materials Group, Gaithersburg,
WITH GRATING COUPLING OF THE INCIDENT LIGHT MD.
TO SURFACE PLASMA WAVES, D. Barman, M.
Rahman, A.S. Karakashian, A. Altshuler and F3.7 DEPOSITION OF DIAMOND FILMS BY A
S. Broude, University of Lowell, Department SCANNING OXYGEN-ACETYLENE FLAME, Yonhua
of Physics and Applied Physics, Lowell, MA. Tz , Calvin Cutshaw and Richard Phillips,

Auburn University, Electrical Engineering
4:45 F2.12 Department, Auburn, Alabama.

OPTICAL CHARACTERIZATION OF NICKEL IN DIA-
MOND, M.H. Nazar6, A.J. Neves, Universidade F3.8 ENHANCEMENT OF DIAMOND SP3 BONDING
de Aveiro, Departamento e Centro de Fisica, IN RF SPUTTERED CARBON FILMS WITH NITROGEN
Aveiro, Portugal; and Gordon Davies, King's GAS ADDED, C.J. Torna, T. Yeh, J.M.
College London, Department of Physics, Sivertsen, University of Minnesota, Depart-
London, United Kingdom. ment of Chemical Engineering and Materials

Science, Minneapolis, MN; and J.H. Judy,
University of Minnesota, Department of
Electrical Engineering, Minneapolis, MN.
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Fl.2 IMPORTANCE OF FILAMENT REACTIVITY F3,1 STUDY FOR GROWING DIAMOND FILMS
FOR CVD DIAMOND GROWTH, M. Sommer and F.W. (DF) ON SURFACES OF VARIOUS MATERIALS, Pu
Smith, City College of New York, Department Xin, Yang Peichun, Xuan Zhenwu, Qi Lichang,
of Physics, New York, NY. Research Institute of Synthetic Crystals,

Beijing, China; and Hou Li, Pennsylvania
F3,10 HIGH-RATE DEPOSITION OF DIAMOND BY State University, Materials Research Labora-
DC ARC DISCHARGE IN HYDROGEN-METHAN MIXTURE tory and Department of Engineering Science
GAS, Xiang-Liu Jiana, Beijing Institute of and Mechanics, University Park, PA.
Science and Technology, Beijing, China;
Fang-Qing Zhang, Ying-Hu Yang, Jing-Qi Le SESSION F4: DIAMOND FOR ELECTRONICS
and Bing Yang, Lanzhou University, Depart- Wednesday Morning, November 29
ment of Physics, Lanzhou, China. America South (W)

F3.11 INTRA- AND INTERGRANULAR FRACTURE SYMPOSIUM F presentations
OF DIAMOND THIN FILMS, H.A, Hoff, A.A. may be viewed simultaneously
Morrish, J.E. Butler, B.B. Rath, Naval in the Suffolk Room,
Research Laboratory, Washington, DC; W.A. Marriott Hotel.
Carrington, University of Florida, Tampa,
FL.

8:30 *F4.1
F3.12 APPLICATION OF A THERMOBALANCE FOR HOMOEPITAXIAL DIAMOND FILMS, M.W. Geis,
STUDYING DEPOSITION KINETICS OF DIAMOND Lincoln Laboratory, Massachusetts Institute
FILMS, Jerry Czarnecki and David Thumim, of Technology, Lexington, MA.
Cahn Instruments, Cerritos, CA.

9:00 F4.2
F3.13 FAR INFRARED LASER MEASUREMENTS OF ELECTRICAL PROPERTIES OF HOMOEPITAXIAL
DIAMOND FILMS, Lawrence P. Bouraet, Richard DIAMOND FILMS, G.Sh. Gildenblat, S.A. Grot,
S. Post, Applied Science and Technology, C.W. Hatfield, C.R. Wronski, A.R. Badzian,
Inc., Woburn, MA; Robert Giles, Andrew T. Badzian, and R. Messier, The Pennsylvania
Gatesman and Greg Phillips, Lowell Univer- State University, University Park, PA.
sity, Department of Physics, Lowell, MA.

9:15 F4.3
F CHARACTERIZATION OF HOLLOW-CATHODE IN-SITU CHARACTERIZATION OF THIN POLYCRYS-
DC DISCHARGE GROWTH OF DIAMOND, H.N. Chu, TALLINE DIAMOND FILM QUALITY BY THERMAL WAVE
A.R. Lefkow, R. Redwing, L.W. Anderson, M.G. AND RAMAN TECHNIQUES, R.W. Pryor, P.K. Kuo,
Lagally and J.E. Lawler, University of L. Wei, R.L. Thomas, and P.L. Talley, Wayne
Wisconsin, Department of Physics, Madison, State University, Institute for Manufactur-
WI. ing Research and Department of Physics,

Detroit, MI.
F315 FREE-STANDING CVD DIAMOND SHAPES
AND COATINGS, Donald E. Patterson, Robert H. 9:30 F4.4
Hauge and John L. Margrave, Rice University REGROWTH OF RADIATION DAMAGED LAYERS IN
and the Houston Area Research Center, The DIAMOND PRODUCED BY ION IMPLANTATION AT
Woodlands, TX. LIQUID NITROGEN TEMPERATURE, G.S. Sandhu, B.

Liu, M.L. Swanson, University of North
F3,16 (ABSTRACT WITHDRAWN) Carolina, Department of Physics and Astrono-

my, Chapel Hill, NC; and W.K. Chu, Univer-
FZ17 LASER ASSISTED TECHNIQUES FOR sity of Texas, Texas Center for Superconduc-
DIAMOND AND DIAMONDLIKE THIN FILMS, J. tivity, Houston, TX.
Krishnaswamy, A. Rengan, G. Matera, M.
Longo, A. Srivatsa and J. Narayan, North 9:45 F4.5
Carolina State University, Department of D.C. AND A.C. CONDUCTIVITY OF DIAMOND FILMS,
Materials Science and Engineering, Raleigh, G.A. Sokolina, A.A. Botev, L.L. Bouilov,
NC; and R. Nemanich, North Carolina State S.V. Bantsekov, 0.1. Lazareva, and I.G.
University, Department of Physics, Raleigh, Teremetskaya, Institute of Physical Chemi-
NC. stry of the Academy of Sciences of the USSR

Moscow, USSR.
F3.18 LASER-FLASH METHOD FOR INVESTIGAT-
ING THE THERMAL CONDUCTIVITIES OF DIAMOND 10:00 BREAK
THIN FILMS SYNTHESIZED BY EA-CVD, Yang
Peichun, Pu Xin, Xuan Zhenwu, Qi Lichang,
Research Institute of Synthetic Crystals,
Beijing, China; and Hou Li, Pennsylvania
State University, Materials Research Labora-
tory and Department of Engineering Science
and Mechanics, University Park, PA.
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10:30 F4.6 SESSION F5: ELECTRICAL PROPERTIES AND
SELECTIVE NUCLEATION BASED EPITAXY OF CVD DEVICES IN DIAMOND AND
DIAMOND AND ITS APPLICABILITY TO SEMICON- DIAMOND-LIKE MATERIALS
DUCTING DEVICE, H. Kawarada, J.S. Ma, Osaka Wednesday Afternoon, November 29
University, Faculty of Engineering, Suita, America South (W)
Osaka, Japan; T. Yonehara, Canon Inc.
Tamura, Hiratsuka, Kanagawa, Japan; Y. SYMPOSIUM F presentations
Yokota, Y. Mori, J. Wei, and A. Hiraki, may be viewed simultaneously
Osaka University, Faculty of Engineering, in the Suffolk Room,
Suita, Osaka, Japan. Marriott Hotel.

10:45 F4.7
ELECTRICAL PROPERTIES OF THIN FILM AND BULK 1:30 *FS.I
DIAMOND TREATED IN HYDROGEN PLASMA, Sacharia ELECTRONIC PROPERTIES OF DIAMOND/NICKEL AND
Albin and Linwood Watkins, Old Dominion DIAMOND/BORON NITRIDE INTERFACES, Warren E.
University, Department of Electrical and Pickett and Steven C. Erwin, Naval Research
Computer Engineering, Norfolk, VA. Laboratory, Washington, DC.

11:00 F4.8 2:00 F5.2
DEEP LEVEL TRANSIENT SPECTROSCOPY STUDY OF PSEUDOMORPHIC DIAMOND, PREDICTIONS OF STRUC-
THIN FILM DIAMOND, K, Srikanth and S. Ashok, TURE AND PROPERTIES, A.M. Altshuler and A.S.
Pennsylvania State University, Department of Karakashian, University of Lowell, Physics
Engineering Science and Mechanics and Center Department, Lowell, MA.
for Electronic Materials and Processing,
University Park, PA; A. Badzian, T. Badzian 2:15 F5.3
and R. Messier, Pennsylvania State Univer- CYCLIC-CLUSTER MINDO/3 COMPUTATIONS OF THE
sity, Materials Research Laboratory, Univer- LATTICE CONSTANT AND BAND STRUCTURE OF BCRON
sity Park, PA. NITRIDE, DIAMOND, SILICON CARBIDE AND RE-

LATED WIDE GAP SEMICONDUCTORS, Lawrence C.
11:15 F4.9 Snyd, State University of New York at
N-TYPE DOPING AND DIFFUSION OF IMPURITIES IN Albany, Albany, NY; Arthur H. Edwards,
DIAMOND, S. Kajihara, A. Antonelli and J. University of North Carolina at Charlotte,
Bernholc, North Carolina State University, Department of Electrical Engineering, Char-
Department of Physics, Raleigh, NC. lotte, NC; and Peter Deak, Physical In-

stitute of the Technical University of
11:30 F4,10 Budapest, Hungary.
DEPOSITION AND CHARACTERIZATION OF UNDOPED
AND NITROGEN-DOPED DIAMOND THIN FILMS, 2:30 F5.4
Joseph B. Milstein, University of Lowell, ELECTRICAL CHARACTERIZATION OF METAL CON-
Department of Electrical Engineering, Lo- TACTS ON DIAMOND THIN FILMS, D. Narducci,
well, MA; Lian Li, Ye-Yung Teng and Anatoly J.J. Cuomo, C. Richard Guarnieri, and S.J.
M. Altshuler, University of Lowell, Depart- Whitehair, IBM T.J. Watson Research Center,
ment of Physics and Applied Physics, Lowell, Research Division, Yorktown Heights, NY.
MA.

2:45 F5.5
11:45 F4.11 CONTACT RESISTIVITY OF B DOPED CVD GROWN
DOPING OF DIAMOND BY CO-IMPLANTATION OF DIAMOND FILMS, K. Nishimura, North Carolina
DOPANT ATOMS WITH CARBON, G.S. Sandhu, M.L. State University, Materials Science and
Swanson, University of North Carolina, Engineering, Raleigh, NC, and Kobe Steel
Department of Physics and Astronomy, Chapel Ltd., Japan; K. Das and J.T. Glass, North
Hill, NC; and W.K. Chu, University of Hous- Carolina State University, Materials Science
ton, Texas Center for Superconductivity, and Engineering, Raleigh, NC.
Houston, TX.

3:00 F5.6
METALLIZATION OF SEMICONDUCTING DIAMOND:
Mo, Mo/Au, Mo/Ni/Au, K.L. Moazed, North
Carolina State University, Raleigh, NC; J.R.
Zeidler and M.J. Taylor, Naval Ocean Systems
Center, San Diego, CA.

3:15 F5.7
PROPERTIES OF CVD DIAMOND-METAL INTERFACE,
Yusuke Mor, Hiroshi Kawarada, Yoshihiro
Yokota, and Akio Hiraki, Osaka University,
Department of Electrical Engineering, Facul-
ty of Engineering, Suita, Osaka, Japan.
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3:30 BREAK 9:15 F5,15
DOPING EFFECT IN HYDROGENATED AMORPHOUS

4:00 *F5.8 CARBON THIN FILMS BY ION IMPLANTATION, .P.
EPITAXIAL GROWTH OF DIAMOND AND DIAMOND Wng, The Chinese University of Hong Kong,
DEVICES, Naoi Fulimori, Sumitomo Electric Department of Electronics, Hong Kong, China;
Ind. Ltd., Itami Research Laboratory, Itami, and Peng Shaoqi, Zhongshan University,
Hyogo, Japan. Department of Physics, Guangzhou, China.

4:30 F5.9 9:30 F5.16
BLUE LIKE DIAMOND LIGHT EMITTING DEVICES TO OPTICAL BAND GAP OF DIAMOND-LIKE CARBON
BE MASS-PRODUCED, Masava Kadono, Shigenori FILMS AS A FUNCTION OF RF SUBSTRATE BIAS,
Hayashi, Kenji Itoh, Takashi Inushima and Paul Pastel and Walter Varhue, University of
Shumpei Yamazaki, Semiconductor Energy Vermont, Department of Electrical Engineer-
Laboratory Co., Ltd., Kanagawa, Japan. ing, Burlington, VT.

4:45 F5.10 9:45 F5.17
ELECTRICAL BEHAVIOR OF DIFFUSED IMPURITIES STUDY OF AMORPHOUS CARBON THIN FILMS ON
IN DIAMOND SINGLE-CRYSTALS, D. Narducci, METALS, INSULATORS AND SEMICONDUCTORS, A.
J.J. Cuomo, IBM T.J. Watson Research Center, Martin, X.-M. Wu, G.-R. Yang, A. Tu, P.
Yorktown Heights, NY. Persans and T.-M. Lu, Rensselaer Polytechnic

Institute, Center for Integrated Electronics
5:00 F5.11 and Physics Department, Troy, NY.

A DIAMOND SILICON HETEROJUNCTION DIODE, C.L.
Ellison, Norton Company, Salt Lake City, UT; 10:00 BREAK
R.M. Cohen, University of Utah, Materials
Science Department, Salt Lake City, UT; and SESSION F6: SILICON-CARBIDE: GROWTH.
J.T. Hoggins, Norton Company, Salt Lake CHARACTERIZATION ELECTRICAL PROPERTIES.
City, UT. AND DEVICES

Thursday Morning, November 30
5:15 F5.12 America South (W)

SCHOTTKY DIODES FABRICATED IN THIN CARBON
FILMS CONTAINING POLYCRYSTALLINE DIAMOND SYMPOSIUM F presentations
GRAINS, G.A.J. Amaratunga, W.I. Milne, K.K. may be viewed simultaneously
Chan, K.J. Clay, A. Putnis and M.E. Welland, in the Suffolk Room,
Engineering Department, Cambridge, United Marriott Hotel.
Kingdom.

SESSION F5: (CONT.) ELECTRICAL PROPERTIES 10:30 *F6.1
AND DEVICES IN DIAMOND AND STEP-CONTROLLED EPITAXIAL GROWTH OF SiC,
DIAMOND-LIKE MATERIALS Hirovuki Matsunami, Tetsuzo Ueda, and

Thursday Morning, November 30 Hironori Nishino, Kyoto University, Kyoto,
America South (W) Japan.

SYMPOSIUM F presentations 11:00 *F6.2
may be viewed simultaneously EPITAXIAL GROWTH AND DOPING OF AND DEVICE

in the Suffolk Room, DEVELOPMENT IN MONOCRYSTALLINE BETA-SiC
Marriott Hotel. SEMICONDUCTOR THIN FILMS, Robert F. Davis,

North Carolina State University, Department
of Materials Science and Engineering,

8:30 F5.13 Raleigh, NC.
THE IMPACT OF 6-SiC, DIAMOND AND c-BN ON
POWER ELECTRONICS, Richard Koba and William 11:30 F6.3
Russell, Diamond Materials, Inc., State INNOVATIVE LOW-TEMPERATURE MOCVD (LTMOCVD)
College, PA. AND PLASMA-ENCHANCED LTMOCVD ROUTES TO THE

FABRICATION OF DEVICE QUALITY ELECTRONIC
8:45 *F5.14 MATERIALS, Alain E. Kaloveros, Paul J.
SIMPLE GRAPHITIC NETWORK MODELS OF "DIAMOND- Toscano, Richard Single and Victor Tul-
LIKE" CARBON, M.A. Tumor and C.H. Wu, Re- chinsky, State University of New York at
search Staff, Ford Motor Company, Dearborn, Albany, Physics and Chemistry Departments,
MI. Albany, NY; and Marianne Holma, University

of Illinois at Urbana-Champaign, Physics
Department, Urbana, IL.
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11:45 F§.4 3:15 F6.11

GROWTH OF 6H-SiC ON CVD-GROWN 3C-SiC SUB- OHMIC CONTACTS ON a-SiC, M. Jabal Chaudhry,
STRATES, Woo Sik Yoo and Hiroyuki Matsunami, Clarkson University, Department of Electri-
Kyoto University, Department of Electrical cal and Computer Engineering, Postdam, NY;
Engineering, Kyoto, Japan. W.B. Berry and M.V. Zeller, University of

Notre Dame, School of Engineering, Notre
SESSION F6: (CONT.) SILICON-CARBIDE: Dame, IN.
GROWTH.CHARACTERIZATION ELECTRICAL

PROPERTIES. AND DEVICES 3:30 F6A2

Thursday Afternoon, November 30 HIGH AND MEDIUM ENERGY ION SCATTERING STUDY
America South (W) OF Mo/3C-SiC CONTACT, S. Hara and I.

Ohdomari, Waseda University, Shinjuku-ku,
SYMPOSIUM F presentations Tokyo, Japan; W. Slijkerman, J.F. van der

may be viewed simultaneously Veen, FOM Institute, Amsterdam, The Nether-
in the Suffolk Room, lands; S. Misawa, E. Sakuma and S. Yoshida,

Marriott Hotel. Electrotechnical Laboratory, Tukuba-shi,
Ibaraki, Japan.

1:30 *F6.5 3:45 F6.13
SOME OBSERVATIONS ON THE ELECTRICAL CHARAC- DOPED AMORPHOUS SiC, MIXED CARBIDE AND
TER OF THE HETEROEPITAXIALLY GROWN CUBIC OXYCARBIDE THIN FILMS BY A LIQUID ROUTE, C-J
SiC, B. Molnar and G. Kelner, Naval Research =, E. Liimatta and J.D. Mackenzie, Uni-
Laboratory, Washington, DC. versity of CA, Department of Material Sci-

ence and Engineering, Los Angeles, CA.
1:45 F6.6

NATIVE DEFECTS, DIFFUSION, SELF-COMPENSA- 4:00 F6.14
TION, AND BORON DOPING IN CUBIC SILICON LIQUID PHASE HOMOEPITAXIAL GROWTH OF 4H-SiC
CARBIDE, C. Wang, J. Bernholc, North Caro- CRYSTALS AND FABRICATION TECHNIQUES OF
lina State University, Department of Phys- BLUISH-PURPLE LIGHT EMITTING DIODES, Y.
ics, Raleigh, NC; and R.F. Davis, North Ueda, T. Nakata, K. Koga, Y. Matsushita, Y.
Carolina State University, Department of Fujikawa, T. Uetani, T. Yamaguchi, and T.
Materials Science, Raleigh, NC. Niina, Sanyo Electric Co., Ltd., Semiconduc-

tor Research Center, Hirakata, Osaka, Japan.
2:00 F6.7

DEEP-LEVEL DOMINATED ELECTRICAL CHARACTERIS- 4:15 BREAK
TICS OF Au CONTACTS ON R-SiC, K. Das, H.S.
Kong, J.B. Petit, J.W. Baumgarner and R.F. SESSION F7: OTHER WIDE BAND-GAP
Davis, North Carolina State University, SEMICONDUCTORS I
Department of Materials Science and Engine- Thursday Afternoon, November 30
ering, Raleigh, NC; L.G. Matus, National America South (W)
Aeronautics and Space Administration, Lewis
Research Center, Cleveland, OH. SYMPOSIUM F presentations

may be viewed simultaneously
2:15 F6.8 in the Suffolk Room,

A NEW DEEP ACCEPTOR IN EPITAXIAL CUBIC SiC, Marriott Hotel.
J.A. Freitas, Jr., Sachs/Freeman Associates,
Inc., Landover, MD; S.G. Bishop, Naval
Research Laboratory, Washington, DC. 4:30 *F7. 1

GALLIUM NITRIDE, A WIDE BAND-GAP SEMICONDUC-
2:30 F6.9 TOR, Jacques I. Pankove, University of

ELECTRONIC STRUCTURE OF HIGH BANDGAP SEMI- Colorado, Boulder, CO.
CONDUCTOR INTERFACES: SiC/AIN, SiC/BP, C/BN,
W.R.L. Lambrecht and B. Segall, Case Western 5:00 F7.2
Reserve University, Department of Physics, GROWTH OF CUBIC GaN BY REACTIVE-ION MOLECU-
Cleveland, OH. LAR BEAM EPITAXY, RC Powell, G.A. Tomasch,

Y.W. Kim, J.A. Thornton, and J.E. Greene,
2:45 F6.10 University of Illinois, Coordinated Science

SILICON CARBIDE/(In 20 3 )x(SnO2 ) I-x DEVICES Laboratory, Urbana, IL.
FOR THE DETECTION OF ULTRAVIOLET RADIATION,
James V. Masi, Western New England College,
Springfield, MA.

3:00 BREAK
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5:15 F7.3 F8.8 THE EFFECTS OF POWER DENSITY ON THE
HETEROEPITAXIAL GROWTH AND CHARACTERIZATION PROPERTIES OF DIAMONDLIKE FILMS, Shuguang
OF GaN ON SAPPHIRE SUBSTRATES, T.P. Chen, Shuhan Lin and Yangming Guo, Zhongshan
Humphreys, C.A. Sukow and R.J. Nemanich, University, Department of Physics, Guang-
U*orth Carolina State University, Department zhou, China; Kaiming Zhang, Guangdong En-
of Physics, Raleigh, NC; J.B. Posthill, R.A. gineering College, Chemical Engineering
Rudder, S.V. Hattangady and R.J. Markunas, Department, Guangzhou, China.
Research Triangle Institute, Research Tri-
angle Park, NC. F8.9 SUBSTRATE AND TEMPERATURE DEPENDENT

MORPHOLOGY OF rf-SPUTTERED INDIUM NITRIDE
SESSION FS: POSTER SESSION FILMS, T.J. Kistenmacher, D. Dayan, R.

Thursday Evening, November 30 Fainchtein, W. A. Bryden and T.O. Poehler,
7:00 p.m. - 10:00 p.m. The Johns Hopkins University, Applied Phys-
America Ballroom (W) ics Laboratory, Laurel, MD.

F8.1 LOW TEMPERATURE SELECTIVE GROWTH OF F8.10 TRANSMISSION ELECTRON MICROSCOPY OF
#-SiC USING SiH 2CI2 /C3Hs/HCI/H 2 GAS SYSTEM, InN THIN FILMS, J.S. Morgan, T.J.
Y.Ohshita, Fundamental Research Laboratory, Kistenmacher, W.A. Bryden and T.O. Poehler,
NEC Corporation, Kawasaki, Japan. The Johns Hopkins University, Applied Phys-

ics Laboratory, Laurel, MD.
F8.2 ANNEALING AND CRYSTALLIZATION
PROCESSES IN A HYDROGENATED AMORPHOUS SILIC- F8.I VIBRATIONAL SPECTROSCOPY OF BORON
ON-CARBON ALLOY FILM, D.K. Basa, Utkal NITRIDE AT HIGH TEMPERATURES AND PRESSURES,
University, Department of Physics, Bhubanes- Greaorv J. Exarhos, Battelle-Pacific North-
war, India; F. W. Smith, The City College of west Laboratory, Richland, WA; and Nancy J.
New York, Dept. of Physics, New York, NY. Hess, University of Washington, Mineral

Physics Group, Department of Geology, Seat-
F8.3 A COMPARISON OF THE MICROSTRUCTURE tle, WA.
OF SiC GROWN ON (001) Si, (111) Si, AND 6H-
SiC SUBSTRATES BY CVD, J. Yang, P. Pirouz, F.12 MOCVD OF WIDE BANDGAP III-V SEMI-
Case Western Reserve University, Department CONDUCTORS BY USING NOVEL PRECURSORS, Kwok-
of Materials Science and Engineering, Cleve- Lun Ho, Klavs F. Jensen, Massachusetts
land, OH; and J.A. Powell, NASA Lewis Re- Institute of Technology, Department of
search Center, Cleveland, OH. Chemical Engineering, Cambridge, MA; Wayne

L. Gladfelter, David Boyd, and John Evans,
F8.4 THE FORMATION OF HELICAL DISLOCA- University of Minnesota, Department of
TIONS IN SILICON SUBSTRATES DURING THE Chemistry, Minneapolis, MN.
EPITAXIAL DEPOSITION OF BETA SILICON CAR-
BIDE, M. Aindow, T.T. Cheng, and P. Pirouz, F8.13 THEORETICAL INVESTIGATION OF GRAPH-
Case Western Reserve University, Department ITIC BeO, Renata M. Wentzcovitch, University
of Materials Science and Engineering, Cleve- of Chicago, The James Franck Institute and
land, OH. Department of Physics, Chicago, IL; Ales-

sandra Continenza and Arthur J. Freeman,
F8.5 COMPOSITION AND STRUCTURE OF HIGHLY Northwestern University, Department of
ORIENTED P-SiC FILMS GROWN ON Si SUBSTRATES Physics and Astronomy, Evanston, IL.
BY REACTIVE MAGNETRON SPUTTERING, Q.U.

Wahab, Link6ping University, Department of SESSION F9: OTHER WIDE BAND-GAP
Physics, Link6ping, Sweden; Y. Yamamoto, SEMICONDUCTORS II
Link6ping University, Department of Physics, Friday Morning, December 1
Lipkoping, Sweden, and Nippon Sheet Glass America South (W)
Co., Ltd., Tsukuba, Japan; T.I. Selinder, M.
Willander, and J.-E. Sundgren, Link6ping SYMPOSIUM F presentations
University, Department of Physics, Link6p- may be viewed simultaneously
ing, Sweden. in the Suffolk Room,

Marriott Hotel.
FS. GROWTH OF EPITAXIAL SiC LAYERS ONTO
ON- AND OFF-AXIS 6H-SiC SUBSTRATES BY ION
BEAM DEPOSITION, K.L. More, S.P. Withrow, 9:00 *Fg.1
T.E. Haynes, and R.A. Zuhr, Oak Ridge Na- CUBIC BORON NITRIDE PN DIODE MADE AT HIGH
tional Laboratory, Oak Ridge, TN. PRESSURE, Osamu Mishima, National Institute

for Research in Inorganic Materials, Tsuku-
F8.7 SEM OBSERVATION OF GROWTH AND ba, Japan.
DEFECT FORMATION ON HETEROEPITAXIALLY GROWN
SiC ON(100) SILICON, B. Molnar and L.M.
Shirey, Naval Research Laboratory, Washing-
ton, DC.

199



9:30 F9.2
A NEW OPTOELECTRONICS SEMICONDUCTOR CUBIC
BN: PROPERTIES OF N.I.R.I.M. MADE CRYSTALS
AND POTENTIALITIES, KohEra and Osamu
Mishima, National Institute for Research in
Inorganic Materials, Tsukuba, Ibaraki,
Japan.

9:45 F9.3
CONDUCTIVITY OF FILMS OF BORON NITRIDE, gA.
Sokolina, 0.1. Lazareva, and S.V. Bantsekov,
Institute of Physical Chemistry of the
Academy of Sciences of the USSR, Moscow,
USSR; and D. Pott, Technische Hochschule,
Strasse der Nationen, DDR.

10:00 F9.4
POLYCRYSTALLINE a-BN: STRUCTURE, CONDUCTION,
AND THE BAND GAP ENERGETIC STATES, V.V.
Lopatin, High Voltage Institute, Tomsk,
USSR.

10:15 F9.5
GROWTH AND PHYSICAL PROPERTIES OF rf-MAG-
NETRON SPUTTERED InN SEMICONDUCTING FILMS,
W.A. Dryden, J.S. Morgan, T.J. Kistenmacher,
D. Dayan, R. Fainchtein and T.O. Poehler,
The Johns Hopkins University, Applied Phys-
ics Laboratory, Laurel, MD.

10:30 BREAK

11:00 *F9.6
BORON PHOSPHIDE AS A REFRACTORY SEMICONDUC-
TOR, Y. Kumashiro, Yokohama National Univer-
sity, Yokohama, Japan; M. Hirabayashi,
Electrotechnical Laboratory, Ibaraki, Japan;
S. Takagi, Daido Steel Co. Ltd., Nagoya,
Japan.

11:15 F9.7
THERMAL AND ION BEAM INDUCED REACTIONS IN Ni
ON BP, Naoto Kobavashi, Electrotechnical
Laboratory, Ibaraki, Japan; Yukinobu
Kumashiro, Yokohama National University,
Yokohama, Japan; Peter Revesz, Jian Li and
James W. Mayer, Cornell University, Ithaca,
NY.

11:30 F9.
BORON PHOSPHIDE ON SILICON FOR RADIATION
DETECTORS, J.C. Lund, S , F.
Olschner, Radiation Monitoring Devices,
Inc., Research Department, Watertown, MA;
and F. Ahmed, Devcom Inc., Framingham, MA.

11:45 F-2
ZnGeP2 : A WIDE BANDGAP CHALCOPYRITE STRUC-
TURE SEMICONDUCTOR FOR NONLINEAR OPTICAL
APPLICATIONS, Q..jig and K.J. Bachmann,
North Carolina State University, Department
of Materials Science and Engineering,
Raleigh, NC; and J.B. Posthill, Research
Triangle Institute, Research Triangle Park,
NC.
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fHE ELECTRONIC AND OPTICAL PROPEPTIES OF DIAM OND; DO THEY TA-ERMODYNAMICS AND THE CYD OF DIAMOND. Walter A Yarbeou,
FAVOUR DEVICE APPLICATIONS? A T Colis 3.O, heat st 005 Physics MaeasRearhabatyTecnylniSaeUnvsty ivrtyPkA
Laboratory, King's College London, Strand WC2R 2LS, UK. 168il02 erh aoaoy h Pnslai tteUiest.UivriyPrP

Diamond is a wide-bandgap material; natural semiconducting
diamond has a high room-temperature hole mobility (2000 Bulk diamond is unstable relative to bulk graphite except at high pressure and
cm2

V 
1
s I) and exhibits blue cathodoluminescence. The tern Mturi.. In spite of this well crystallized diamond has been grown using numerous

resistivity of p-type natural diamond is fairly high a t CVD mestods, most of which have in common the production of asomic hydrogen and
room-temperature, but drops by two orders of magnitude at hydrocarbon radicas in regimes where slid carbon is expected to be astable prdUCL Two
300%C and is still quite low at 1000*C. By doping with fundamentally different points of view have emerged in the effort to explain why well
boron, semiconducting single-crystal diamond can be produced crystallized diamond, and not graphite or vitreous carbon, is observed in these
by high-pressure synthesis and semiconducting epitaxial experiments. The first argues that a meistable stationary equilibrium is established in
films grown by chemical vapour deposition. At first sight which graphite is "etched" by atomic hydrogen at a rate higher than diamond and hence
diamond would therefore seem to be an ideal material for diamond is kinetically sable with respectto gahite. With he assumpton thatdiamond
high-temperature devices and blue light emitting diodes. formation iscontrolled by relative kinetics the deposition mechanism becomes critically

important and much debate has centered on the mechanism and species involved If this is
The reality is less promising. A recent analysis of mobility corret hen tevapor phase growth ofrelativlydefect freesingle crystaldiamond
.easurements for natural p-type diamond will be presented. becoesprblematic. Thentrpypoducion quired byirrevesiblthermodynamics for

This shows that the room-temperature value is dramatic ally any finite growth rate is normally minimized for the growth of well crystallized, defect
reducd byquit lowconcntraionsof ionised iprte, free materials by ensuring that local thermodynamic equilibrium is attained or that

This 'explains why values measured for synthetic and CVD deatrsfo qiiru msal oee hsapoc ple nyi h eie
material are substantially less than 2000 cm

2
V-

1
s-1. The phase is thennodynamicay stable andthe growth of other phases can be ignored. A

an'alysis also emphasises the rapid reduction irt mobility second postulate is refomulated and defended in this paper. This is that athgrowth
with increasing temperature, even for a high quality natural interface and under the conditions foudsuccessful for isgrowth, hydrogenated diamond
dliamontd (e.g. -tOO cm

2
V-ls Is at. 5,c 0 C), The blue 'luminesc- surfaces are thermodynamically stable with respect to graphite. If this result is correct

eote is also rapidly quenched by iricreassirI te-.pe-:sturzs. theagloba undstading of teparamersimpatto tegohofdiamndcan be
obtained without detailed kinetic analyses. A semi-empirical method was used to estimate

Nitrogen behaves as a donor in diamond, but the centres are enhspis of foniain for the three hydrogenaed low index surfaces of diamond and
Very "deep" and it has -not proved possible to grow diamon ds graphite with the result that the diamond surfaces have lower enthalpies of forato.
by any technique (using N or other dopants) which have' Assuming that bulk diamond is kinetically stable it is shown that at least qualitatively

appecible r~ype conuciviy. eciiyng untirs tfl many of the experimental observationsamade in this laboratory and elsewhere aremore
r.nerefore only be fabricated using Schcrtky barriers. consistent with this view than with the idea that the formstion of diamond instead of

graphite is kinetically controlled. With this result it can be argued that relatively defect
%lthough several d ia=:nnd devices ha-.e Seen de-monstrated .1t free. single crystal diamond films by CVD are possible in spite of the bulk instability of
t ne laboratory the electronic arid cpt ical Proper, ies Of diamond relativego graphite. In addition this suggests general principles which might be
':a-mond do not 4avour their comrerzial i-evelrPmen:. appliedto the growth of other metastable phases -notably cubic boron nitide.

F1. 2 Fl .4

%TOMC H DROGN I O' DIA"40ND G CM I HSTUDIES OF DIAMOND GROWT7H PROCESSES FROM Cl IEMICAL
VAPOR DEPOSITION. C. Judith Chu, Benjamin J. Bai, RotrlIl

Thom.& R. ArthotY ijLL=,' Matrk P. D'Evelyn. and John L. Margrave, Rice University,
(Jcr~trjl Lte :trlc Corpomit: Rescr tA s: tirccup,!.nt C W.T Denatment of Chemistry, P.O0. Box 1892. Houston, Texas 7725 1.

Rive: Road. SclicnectAdy. N~c Yosl, 12'10, VISP'

Synthesi4 of diamond thin films has been studied using hot-filament-
Abstract assisted chemical v'apor depositiotn with a variety of hydrocarbon

Diamnd an b grwn iciataby a sobtmopheiZ rc .:C precursors. Carbon-1I3-labcLed diamond films were synthesized using

a damod cn bom eau fron hydrarbon at S~ subam &sh C r"i':l% mixtures of 13 CHi and 12CH-4 in H-2 . The Raman peak at 1332 cm-I for

of atomic hydrogen. Atomitc hyarogen serves wnty roles it, C\'U 12C-diarrsond was found to shift by 50 cm-1I to 1282 cm-tI for pure 13C-

dianii.,d growth, namely: tabilizationl of the diamn-t1d srr. diamond, and the diamond peak shifts linearly within these limits with the
2)~~~~ reuto of se ieothcrtalfctu.3) iuusin i 13-C mole fraction.L This linear correlation has been used to study the

2) r te ga.)poution of teseOfh Ctcarbo scouilt it, 3.5...uulo'J incorporation efficiencies of various growth precursors by means of

Scnrasstlon of condensable carbon radicals in the gas, 6 ) bri:a isotopic labeling. i.e.. the incorporation efficiency of C-13-methiane is

of h~drogen from hydrocarbons attached to biirfACC. 7.)' piod ;1tos compared to C-1I2-precursors such as acetylene. ethane. ethylene, acetone,

of vacant surface sites, 8.) etching of graphite. carbon monoxide,4nd other hydrocarbons by tnvestigating the C-1 3 mole
fraction of the resulting diamond thin film.

Atomic hydrogen can carry out these functions because 4i
favorable relationships between energies for carbon-carboni, carbon- Investigations of the gaseous species generated during the hot-filament-
hydrogen and hydrogen -hydrogcn bonds. An examination of ti'rd assisted CVD of diamond from mixtures of C-1 3-labeled methasne and C-
energies of other Carbon.X systems indicates that potential itomtc 12-labeled acetylene indicate that the C-13 Mole fraction in the resulting
t.ydeogen substitutes exist for somne functions of Atoric ItydY0grt is) diamond thin f6lm correlates with the C-1 3 mole fraction of the methane in
CYD diamond growth but that no Substitute fills all the roles that the gas phase and not that of the acetylene. It appears that under the hot-
hydrogen does. There are many ways to generate aitomic hydrog~en filament-assisted CVD conditions, methyl radicals derived from methane are
and each way provides a new bus related CVD diamond Method. primarily responsible for diamond growth.
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Fl. 5 all hascd on) this central themc. I loctCr thc possihlc role of other
atomns and molecules in tile deposition process is l ss clear. Ther tIs
need for more experimental data to furthcr our understanding in this

IANNING TUNNELING MICROSCOPY INVESTIGATION OF rcgard. IHere we give a preliminary report on our investigation of
OIAOND FILMS ON' HIGHLY ORIENTATED PYROLYTIC deposition from methanol - rare gas mixtures using a small microwase
GRAPHITE SUBSTRATES. A.Peter Jardine, Fen-Chu Tsctig afid reactor. An important result is that diamond ofhigh purity. based on
F.F.Y.Wang. Dept. of Materials Science, SUNY Stony Brook. Stony the sharpness of the 1332cm " line and the background level of the
Brook, NY 11791. Raian spectra. could be deposited without any additional hydrogen.

We have also compared this result with those by other gas mixtures,
Ihe (0001) graphite surface has beetn extensively studied by Scan- in which the atomic ratio of' carbon, hydrogen and oxygen are
iing Tunneling Microscopy (STM) making it a natural candidate equivalent to methanol, in order to assess the significance of the
:or high resolution surface studies on the initial formation of Di- parentage of these atoms in the diamond formation.
tnond films and surface phase identification. In particular, STM I) Y. Ilirose and Y. Terasawa.LA.I.A.P. I.cttc 25. (1986) 1.519.

-tudies can yield atomic information on the relative abundances of
liamond, diamond-like carbon, amorphous or graphitic regions of a F1 . 8
-strface. Diamond films were deposited onto heated, highly oriented EFFECTS OF 02 ADDITION ON DIAMOND GROWTH: IN SITU
cyrolytic graphite surfaces using a microwave assisted CVD. A se- SPECIES MEASUREMENTS AND MODELING. Stephen J. Harris,
.,.ction of films were grown where processing variables such as the General Motors Research Labs, Warren, MI 48090.
resence of Si, H2 and CH4 gas concentrations and microwave power Recent tudies have shown that addition of oxygen to diamond growth

:iputs were varied. STM images of samples with short deposition environments can have significant effects on the growth. These stud-
imes were taken. Correlations of film phases to processing variables ies have attributed the effects of 02 to removal of non-diamond car-
.re discussed. bon from the surface, formation of a more reactive surface, formation

of additional radicals in the gas phase, and destruction of gas phase
pyrocarbon-forming species. The purpose of this work is to determine

F1.6 how oxygen addition affects the gas phase chemical environment at the
substrate surface in a filament-assisted diamond growth system in or-

ADSORPTION OF HYDROCARBON RADICALS ON THE HYDROGENATED der to understand better the interesting effects of 02 on the kinetics of
DIAMOND SURFACE.* Mark R. Pederson. Koblar A. Jackson*, growth and qualitity of the diamond film.
i-d Warren E. Pickett, Complex Systems Theory Branch,
Naval Research Laboratory, Washington D. C. 20375-50000. A small hole in a substrate on the tip of a quartz microprobe allows gas

molecules present at the substrate surface to enter the probe, and those
Recently, it has been established that growth of diamond molecules are subsequently detected by a mass spectrometer. This
via chemical vapor deposition may be enhanced in the in aitu technique allows detection of stable hydrocarbons and permits
presence of a hydrogen gas or plasma. In order to gain us to test our chemical kinetics modeling which we use to estimate
insight into this phenomenon, we have studied a variety concentrations of radical species.
of hydrocarbon adsorption processes on a hydrogenated
diamond crystallite surface. The Local Spin Density Our measurements show that the concentrations of small hydrocarbons
approximation has been employed with a localized basis (methane, ethylene, acetylene) decrease monotonically as 02 is added,
set to calculate adsorption potentials and equilibrium while CO concentrations increase. Agreement between experiment and
separations for several hydrocarbon radicals, model for these species is very good and encourages us that the model's
While the adsorption height of a single methane radical predictions for species which were not measured are reasonably accu-
onto a single dangling bond is found to be in excellent
agreement with the bulk-diamond bond length, the back- rate. Calculated H and CH3 radical concentrations rise monotonically
bonded hydrogens of adjacent adsorbed methane radicals with increasing 02, although the percentage rise is greater for R. This
repel one another which suggests diamond growth via rise in radical concentration depends on the CH 4/H 2 ratio. Compari-
methyl radicals only may be unfavorable. In contrast, son between species measurements and growth kinetics shows a complex
adjacent acetylinic adsorbates do not repel each other behavior.
but lead to the introduction of double carbon bonds and
misplaced carbon atoms above the active layer. FI.9
We present adsorption potentials, equilibrium
bondlengths and vibrational spectra for H, C, CH3 and \IORPHOLOGY OF DIAMOND FILMS GROWN BY DC PLASMA JET
C2H radicals and discuss interactions between 'VD. Kazuaki Kurihara Ken-ichi Sasaki, Motonobu.
neighboring adsorbates. and Nagaaki Koshino. FUJITSU LABORATORIES

.-TD. Atsugi, JAPAN.
Supported in part by SDIOIST contract N00014-89-WX-2C023. fhere have been some interesting attemp's to use thermal

€'NRL-NRC Research Associate. :lasma for diamond synthesis. The biggest advantage of
hese methods is the high growth rate. No reports of the

F1.7 cffects of important deposition parameters, such as methane
concentration and substrate temperature, have been

\11( R0\k.V. (VI) 01 I)IAM()\I) I'SI\(; \IF IIIANI -R.\RI published, however.
(;\S MI\II RFS. M. liick. II.Vliihangatidll. Seki. 111%1 Rewe;ircth
l)sisoma, Almadcn Research ('enter, Sal los. ( A Our research focused on the effects of methane

concentration, substrate temperature. and the cooling rate
Ihlie deprsot of diamon i'ol un d reactive vapor ptas~e has hcci of plasma on the morphology of diamond films synthesized

dolill;ited H% tie lsc of gas iimtures contlainimg %icr simall imlontts by dc plasma jet CYD.
ol carhton tmitmiing imolecideles in ;I sea of hidrngen molecules. In To change the cooling rate of the plasma, we changed the
most cs;,%c the carhol% cootaiimng gas is a simple hydrocarbon such as distance between the plasma torch and substrate. We looked
iimcli;mic, hot more recently there hast been reports simtg nitrogen and it the surfaces and cross sections with SEM. Optical emission
ovgen containing simple organics stuch as amines and alcohols', ihe was also used to analyze the plasma jet and the diamond
graphite removing role of atomic hsdrogcn has generally been growth mechanism.
recogni/ed as playing a key role in the Aucccsfl deposition of
diamond, and the few models proposed For the deposition process are
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With increased methane concentration, the diamond films A KrF* laser-based process for the deposition of diamond is reported. The
grew faster, but over a certain concentration, growth rate experiment consists of focusing the pulsed excimer laser beam at normal

-topped increasing. At lower methane concentrations. (111) incidence onto the surface of a room temperature silicon substrate in the
planes tend to be obtained and, at higher concentrations, presence of an organic precursor. The presence of diamond in the deposited
i100) planes. The lower cooling rate decreased the growth films were verified using Raman Spectroscopy and Auger Electron
rate and formed (100) planes. The transparency of the Spectroscopy.
,vnthesized diamond films is better at lower methane
oncentrations and lower pressures. F2.3

Fl.10 INVESTIGATIONS OF EXCIMER LASER EFFECTS ON

OXYGEN EFFECT IN DIAMOND DEPOSITION AT LOW CVD DIAMOND GROWTH. P. E. Pehrssoii, H. H. Nelsoi.
Te. G. Celii. Naval Research Laboratory, Washington, D.C. 20375;TEMPERATURES. X. iou, A. lnspektor, R. Weimer. D. Knight and R. "NRC/NRL Post-Doctoral Fellow

Messier. Materials Research Laboratory, The Pennsylvania State n e ofte ral prol

Univrsiy, nivesit Pak, P 160'.One of the principal problems associated with the riucleatioxi
University, University Park, PA 16802 and growth of CVD diamond flints is the necessity of growing on a

_ubstrate heated to about 800 C. The use of ex'imrer laser radiation as
Diamond thin films were deposited on different substrates at low an alternative euergy source allowing lower growth temperatures has

temperatures (<400 0C) by microwave plasma enhanced chemical vapor been reported,' ahhottgh another claim was subsequently retracted.

deposition system. The deposited films were either amorphous carbon We used a variety of laser conditions to modify the surface

films or diamond films depending on the different gas mixtures being used. and gas phase chemistry in a diamond growth apparatus, including
those reported to have enhanced growth. The laser wavelength,

The concentration of the oxygen in the gas mixtures is critical for diamond precursor gas (and hence the gas-phase absorption), laser intensity

growth. The etching rate of the non-diamond carbonic compounds in the and orientation with respect to the substrate, flow rate, and gas inlet

coating was higher with more oxygen addition in the gas mixtures, orientation with respect to the filament were varied. The sanples

Different ratios of the methane to oxygen concentration on different were analyzed using Optical and Scanning Electron Mirroscopy, the
Scanning Auger Microprobe, and Micro-Reman Scattering.

substrates at different temperatures have been studied. Raman

In all cases, the laser had either no effect or actually suppressed
spectroscopy. X-ray diffraction and scanning electron microscopy have diamond growth in comparison to the adjacent unirradiated regions.
been used to characterized the deposited films. Interestingly, the crystals that did grow in the irradiated regions

F2. 1 were similar in size and morphology to those from the unirradiated
areas, suggesting possible mechanisms by which the laser suppressed

ELECTRON CONTROLLED CHEMICAL VAPOR DEPOSITION OF diamond nucleation. Variations in the types of carbon observed
DIAMOND THIN FILMS ON VARIOUS SUBSTRATES. Xg-Hee across the samples are discussed. These results are interesting not

Lee. Klaus '. Bachmann and Jeffrey T. Glass, North Carolina State only because they conflict with previous encouraging claims, but also

University, Dpatment of Matrials Science and Engineering. Raleigh, because they may provide clues to the diamond nucleation process.

N.C. 27695-7907 1. Y. Goto, T. Yagi and H. Nagai, Mater. Res. Soc. Symp. Proc.
(1988) in press.

F2.4
Electrons can affect the hot filament assisted growth of diamond films in

several ways, including acceleration of gas species dissociation, AN NKR STUDY OF DIAMOND THIN FILMS. Karen M.
McNamara and Karen K. Gleason, Department of

creating damage at the growth surface, etc. Thus, electron controlled Chemical Engineering, MIT, Cambridge, MA.
chemical vapor deposition (ECCVD) has been utilized to deposit
diamond on scratched (001) Si substrates. Current-voltage Nuclear magnetic resonance (NMR) spectroscopy is

characteristics of the ECCVD system indicated a DC plma was used to study the incorporation of 1 3 C. and 1 H
into diamond thin films grown in a hot filament

generated under certain conditons. Diamond film quality was corrlated reactor. Quantitative values for the ratio of
with biasing conditions. Highly facetted diamond growth exhibiting only sp 3 /sp 2 carbon and hydrogen content will be ob-
a sharpRamanine at 1332 cm-I was obtained unI certain condiions, tained. NMR linewidths will indicate the degree

of disorder in the system, as well. The carbon-
However, biasing which created a DC plasma resulted in spherulitic 13 source is acetone, isotopically labeled at
growth incorporating gaphitic cmbn into the diamond film. Extensive either the carbonyl or methyl carbons. Thus,
chemical, structural and optical charactertics of the films will be carbon-13 contents will indicate the relative

s vrole of CH3 and CO derived precursors in diamond
desctribe Diamond film deposi on v single crystl su s deposition, shedding light on the mechanisms of
of interest for beteroepltaxial growth has also been attempted. Not diamond growth. Understanding of these mechani-
only lattice matchig but also bond energy condd ations have been sm is essential in exploiting the potential of
utilized in choosing these substrates. The film quality and the diamond as a semiconductor.
charaterit of the interfacial carbide formation will be dicused. F2.5
Finally. homoepitaxial diamond films have also been deposited on
nauaJ type a diamond bstraes aWact ie t e lgrown fi DIAMOND POLMrtPISM: DIFFRACTION. VIBRATIONAL

BEHAVIOR AND OPTICAL PROPERIES',. A. Phelns. Diamond
are described for diamond subaates of different oiebatios. Materials, Inc.. 2820 East College Avenue. State Colle, PA. 16801; L

E. Spear. W. Howard. D. Huang. and W. B. White. The Pennsylvana
F2.2 State University, Unversity Park. PA. 16802.

KrF" LASER-INDUCED CHEMICAL VAPOR DEPOSITION Or. Polytypsm Is a well-known phenomenon In SIC. It Is important to
DIAMOND semiconductor applications of SIC because the bandgap and
George W. Tyndall and Nigel P. Ilacker IBM Almaden Research Center, 650 electron/hole mobtlites are a strong function of polytype.
larry Road, San Jose, CA 95120.
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Polytypisin has recently been identified In monocrystalllnedectfemarilbuthsuincneisoteetd
dlamond particles formed by homogeneous nucleation. structuraldfetre aralbuthsumncncisntdetd
models have been used to determne the lkely response of hexagonal from any of the films. As the Cit4 concentration in the
and rhombohedral diamond polytypes during x-ray or electron starting gas is increased, CL characteristic of nitrogen-,
diffraction. Raman and infrared spectroscopy. and optical ioterstitial- and vacancy-related optical centres is
measurements. Many physcal propertiesOf diamond are affected by observed from the diamond films. A CL line at 1.681 eV,
the degree of hexagonal character and space group symmetry of these which is also observed in absorption in some films, has been
polytypes. Diffraction patterns for two diamond polytypes. 15R and attributed previously to a defect involving silicon.
2 IR. have been calculated and Indicate that lines not allowed In
hexagonal polytypes become allowed and will appear in diffraction We have also studied defects produced by radiation damageof these rh bobedral polyypes. (using 2 IleV electrons) and thermal annealing. The

The vibrational behavior of diamond polytypes should be closely tied absorption and CL spectra of the crystals show all the
totedereefheagoalcaraternaprtiulapoltyp. ~systems characteristic of irradiated type IIa natural

polytypes will have so called 'wea modes' Prsent In thi amandimnwthermlyo ipiycnetains
spectra as the result of a 'zone folding mechanism like that seen In P2 .8
the Raman spectra of SIC polytypes. The refractive Indices and
birefringence are expected to be controlled by the degree of hexagonal EFFECT OF DOPING WITH NITROGEN AND BORON ON
character of the specific polytype. CATHODOLUMINESCENCE OF CVD-DIAMOND. Yoshihiro

Yokota, Hiroshi Kawarada, Yusuke Mori -and Ako
Thbe variation in properties with diamond polytypsnttmay provide a Hi1r-aki, Dept. of Electrical Eng., Faculty ofnumber of useful methods for the Identification of these materials as Eng., Osaka Univ., Suita, Osaka 565, Japan.
well as provide new fundamental information about the materials
themselves and polytypic materials In general. Nitrogen (N) and boron (B) are the electrically

and optically active impurities in diamond. WeThis research was co-sponsored by: (4I the Ben Franklin have investigated cathodoluminescence (CL) ofPartnership Program of Pennsylvania. (111 the Office of Naval the diamonds doped with them formed with micro-Research (with funding from SDIO/IS11 under contract #N004.86 wave plasma chemical vapor deposition (CVD).K1-0443, and (i111 Diamond Materials. Inc.
In the undoped specimens, the CL spectra haveF2.6 only one peak at 2 .8-2.9eV classified as

DOMAIN SIZE DEIERMINATION IN DIAMOND ThIN FILMS. Y.M. *band-A. Theme are the same spectra as naturalLe~ic, R. emaic, Dpt o Phsis, orh CroinaStte typella diamonds where dislocations correspondLe~ic, R. emaic, Dpt o Phsis, orh CroinaStte to the emission areas. The specimens doped withUniversimy, Raleigh, NC 27695. B show the Intense CL spectra with a peak at
about 2.4eV in addition to the 2.9ev-band. InDiamond film deposited by CVD methods usually have some sp2 bonded the CL spectra of N-doped specimen , three peaks

carbon incorpotated in them. Raman scattering measuremnents arc able to appear at about 2.9. 2.1 and 1.7eV. The 2.9eV-
display both the diamond and sp2 bonded region in thene samples. peak is the same as undoped specimens. The

Prevousstudes ave how p2 2. 1eV-peak is attributed to N-related center.pm~ sudeshae hon ha i odertodeernm te ato f he The 1.7ev-peak is attributed to the isolatedto sp 3 bondedrgionte domainsizes mutbe kown. Int tu~dy th neutral vacancy (V) called OGRl' center. Inlinewiddi of die diamond peak a 1332 curl is used to d erminec diamond the spec imens doped with N and B at the samedomain sizes, while the intensity of the disotder induced scatering is time, there exist three peaks at about 2. 4eV,
related iD dhe size of die sp2 bonded regons We have canie out detailed 2.1 and 1.7eV, which have been recognized above.
callculations of the effect based on the phonon dispersion cUrves Of
diamond and breakdown of wavevector selection rules in Rlaman Other N-related strong emission centers such
scafterng. The resultsenable Us IDdeseimine domain azeofdthediamond as H3(2.46eV) and N-V(1.94eV) have not been

by arius observed. These results show that, althoughregions in the films. The linewidths of samples ptrefd byvros neutral V are present, N-v complexes are notmethods were calculated, sand die dimnensions of the diamond relponw=S" formed during CVD process. The fablication ofobtajned. From these reISs, it was determined tha dmias an invers these centers has been also tried to introduce
relationship in the domain sizes of the diamond and sp2 domain smm. enough V using high energy electron irradiation.
When the diamond regom are la11t, sp2 regions we mal, and vice-veras
The changes in the domain sins with growth conditions are corelated so F2_*9
the growth prms PHOTOLUMINESCENCE SPECTROSCOPY OF DIAMOND FILMS.

P2.7 j.A. preitas. Jr.*? J.E. Butler, L.14. HanaseenF2.7 s.G. Bishop, and U. Strom, Naval Research Labora-
CIIARACTERISATION 0f THIN FILM AND SINGLE-CRYSTAL CVD DIAMOND tory, Washington, DC 20375-5000. * Sachs/Freeman
BY ABSORPTION AND LUMINESCENCZ SPECTROSCOPY- A T Collins, Associates, Landover, MD 20785-5396.
Wheatatone Physica Laboratory, King's College London.
Strand, London WC2R ULS, UK; M Kamo and Y Sato, NIIM,
1-1 Namiki, Isukuba, Ibareki 305, Japan. Photoluminescence (PL) spectroscopy has been used

to characterize polycrystalline diamond film
Polycrystalline film and single crystals of diaond prepared by filament-assisted vapor deposition
produced by the decomposition of methane-hydrogen mixtures (FACVD) and by a combustion technique (CT) in an
in a microwave plasm, with C94 concentrations between 0.3 oxyacetylene f lame.. The 2O-30iim thick films gen-
and 3.02, have been examined using optical absorption and erally consisted of microcrystallites with grain
cathodoluminescence (CL) spectroscopy from 900 to 200 nm sizes ranging from 10-200m. The temperature
(1.4 to 5.6 eV). range of interest was 611-300K.

In absorption sil samples show a continuously Increasing The PL spectra of the FACVD films are dominated
absorption from low energies to high energies, right up to by a defect band with a strong sero-phonon line
the fundamental absc.rption edge at 5.5 aV. The strength of at 1.67 eV and phonon replica at lower energies.
this absorption (which my be associated with carbon double This band (GR1), identified with a neutral
bonds) increases as the concetration Of CU4 in the gas vacancy, is observed in crystals prepared by
mixture is increased. other techniques, after electron irradiation.

Blue CL free the films and the crystals is associated with The CT films exhibit two PL lines near 1.95 eV
donor-acceptor pair recombination. The single-crystals else and 2.16 eV, respectively. The 1.95 ev band has
exhibit strong "edge emission" which is characteristic of been tentatively identified as a nitrogen-vacancy
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pair. This band has been observed in natural Using the measured radiative decay time of the 1.4 eV luminescence, we
diamond which has been irradiated and show that the absorption coefficient p (in cm-1) integrated over both lines
subsequently annealed at elevated temperatures. (photon energy E in meV) is related to their concentration C (cm -

3 
) by

We have observed a strong dependence of the PL
spectra radially across a given CT film and asso-
ciate this with details of the flame chemistry. C = 5 x 10lsjdE# (E).

F2.10 F3.1

CW FOUR-WAVE MIXING IN SYNTHETIC DIAMOND. A STUDY OF THE ELECTRONIC STRUCTURE NEAR INDI-
D. A. Redman and S. C. Rand, University of Michigan, VIDUAL DISLOCATIONS IN DIAMOND BY ENERGY LOSS
Department of EECS, 1301 Beal Avenue, Ann Arbor, MI SPECTROSCOPY. J. Bruley, and P.E. Batson. IBM Research
48109-2122. Division, Thomas J. Watson Research Center, Yorktown Heights,

NY 10598.
We report efficient CW optical phase conjugation and
resonantly enhanced four-wave mixing spectroscopy of Spatially resolved electron energy loss spectra recorded from very
the N-V color center in synthetic diamond. small volumes of diamond containing individual dislocations show

extra intensity within the band-gap just below the Is to bulk con-
An ultra-narrow resonance is observed in the room duction band threshold energy, when compared to spectra recorded
temperature nearly degenerate four-wave mixing from neighboring defect free regions. This is interpreted as direct
spectrum upon excitation within the vibronic band at evidence for the presence of vacant defect states associated with the
590 nim, furnishing the triplet manifold decay rate. dislocation structure. The contribution of the n" states from the

F2.11 surface layers to this region of the spectra is completely removed by

"MODELLING OF A Ag/DIAMOND/n-GaAs PHOTODIODE WITH GRATING calculating the difference between the spectra recorded on and off

COUPLING OF THE INCIDENT LIGHT TO SURFACE PLASMA WAVES" the defect. A comparison is drawn between the measured near edge
D. Barman. M. Rahman, A.S. Karakashian, A. Altshuler and structure and calculations of local density of states reported in the
37. rou , University of Lowell, Department of Physics literature.
and Applied Physics, Lowell, MA 01854

A theoretical model has been developed to design a metal/ P3.2

insulator/semiconductor narrow band photodiode with grat- CHARACTERIZATION OF HEAVY METAL CONTAMINATION IN DIAMOND
Ing coupling of the incident light to surface plasma waves FILMS USING SIMS AND TOTAL REFLECTION X-RAY FLUORESCENCE
(SPW). The insulating layer consists of a thin polycrys- (TXRP). R S. Hocktt, Charles Evans & Associates,
talline diamond film which is deposited on an n-GaAs sub- Redwood City, CA; and James Knowles, Crystallume, Inc.,
strate with a grating having optimal parameters etched Menlo Park, CA.
into it. A silver barrier contact on the diamond film
also serves as the active medium for the SPW. This type Processes for diamond film growth on silicon substrates
of device Is an angle of incidence, wavelength and polar- may introduce heavy metal contamination at the interfaces
izatlon sensitive photodetector. It has an enhanced or in the film itself. These metals may or may not be
quantum efficiency compared to a flat surface detector. detrimental for the application of the diamond film, but
This design is also compared to similar Ag/Insulator/ the measuretent of the metals is required before such an
n-GaAs detectors for insulators other than diamond. assessment can be adequately made. This paper will

address the usefulness of Secondary Ion Mass Spectrometry
F2.12 (SIMS) and of a new technique called Total Reflection X-

Ray Fluorescence (TXRF) for the characterization of heavy
OPTICAL CHARACTERISATION OF NICKEL IN DIAMOND metal contamination in diamond film prepared by
MH Nasari, AJ Neves Departamento e Centro de Fisica (IfIC), Univer- different processes, including microwave and dc sputter
sidade de Aveiro, 3800 Aveiro, Portugal and GodnLaies Department deposition, where contamination was intentionally
of Physics, King's College London, Strand, London WC2R 2LS, UK introduced. characerizaton of thse films by ore

We show that when diamonds are synthesised using a solvent-catalyst which F3 u3

contains nickel, individual alnts of Ni may be grown into the diamonds. P3.3

The presence of the nickel atoms may be identified and their concentrations MODELLING OF DIAMOND HETEROSTRUCTURES FOR ELECTRO-
estimated in a non-destructive manner using optical spectrocopy. OPTICAL APPLICATIONS. A. Altshuler, S. Broude, C. Hantzls,

A.S. Karakashlan, Physics Dept., University of Lowell,The characterising optical signal is absorption or photoluinminescence with Lowel I, MA 01854
sharp (sero-phonon) lines in the near-infra-red at 1.401 and 1.404 eV. Using
synthetic diamonds which have unusually low internal strains, we show that A theoretical model has been developed for a diamond/semi-
the lines contain fine structure which is produced by the five natural isotopes conductor heterojunction based on a molecular dynamics
of Ni, unambiguously establishing that the lines are produced by nickel. and pseudo-potential approach.
There is evidence for only one Ni atom in the optical center producing the Characteristics of the structure are estimated and the
1.4 eV lines, performance in electro-optical applications such as

wave-guides, detectors, LEDs and quantum-well devices
Stresses of up to 1GPa applied along the < 001 >, < 111 > and < 110 > is predicated.
axes of the diamond show that the Ni atom is in a trigonal environment : if
the Ni atom substitutes for a carbon atom it is displaced out of the lattice F3.4
site (qualitatively like the single nitrogen atom in dismnd). The efects of INFRARED AND RAMAN CHARACTRIZATION OF THE
the stresses establish that the ground state of the optical transition is an HYDROGEN ENVIRONMENTS IN DIAMOND AND DIAIOND-LIKE
orbital doublet, split by a spin-orbit coupling of 3 meV to produce the two FILMS. Y.M. Leorice, E.C. Buehler, L.L Nemanih, Dept. of Physics,
lines at 1.401 and 1.404 eV. The excited state is an orbital singlet. Magnetic North Camlina State University, Raleigh, NC 27695; J.T. Glaim, Dept of
fields up to 6 Tasla produce clear splittings of the lines, and confirm the M Science and Enginerlng. North Carlna Sue Univesty, L
trigonal environment. Kobu, Bleonics Technology Center, Kobe Stel. Lad., Kobe, Japam,

651; F. Janse &nd M.A. Machonkin, Xerox CorP. Webua., NY 14580.
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ItiswellknownthatHplaysanimportantroleinthegrowthofdiamond particle growth displayed increasing rates of secondary
and diamond-like thin films by activated CVD processes. We have particle nucleation resulting in a less well faceted
investigated films prepared under varying conditions with IR and Ranan morphology.
spectroscopy. The growth temperatures were varied in one serie while
the concenuation of CI4/H2 was varied in another. In th iR. two bands F3.7
aaPoodiey28and20n' rd~due $es tching DEPOSITION OF DIAMOND FILMS BY A SCANNING OXYGEN-
modeoftheC-HandC-H2bond FromthisitwasdeterminedthattheC- ACETYLENE FLAME. Yonhua Tzeno, Calvin Cutshaw,
H andC-H2nviroments werepresent,andthatthecarbon wassp3  and Richard Phillips, Electrical Engineering Dep-
bonded. Theintensityofthisabsorptionbandwasthencelated tothe artment, Auburn University, Alabama 36849.
Raman scattering hem. It was found in the Rama maaurements that
therewasananliprogressionfomdiamond.likefilmstodiamondfim. Diamond films of high quality have been deposited
ThisprogressionwasobservedasHincorporaionwasdecreased, sothat on various substrates, e.g. silicon, by an oxygen
filmscontaining thelargestamountofHweremoredimondikethan acetylene flame operating at one atmosphere pre-
thosewithnliteH. NosharputansitionoftheHincorporatonvsthe ssure in air as well as oxygen rich or oxygen de-

fficient ambient. High quality diamond films are~rowtparameaeswasobseed. Aspects oftIhego~wth process are composed of well defined octahedral or cuboctahe-
discussed based on theseresults. dral diamond crystallites that are optically tra-

nsparent in the visible light range and are char-SupporedinpurtbySDI OJSTthroughtheONRunderconractN00014- acterized by a Raman peak similar to that for na-
86-K-0666. tural diamond. The physical properties as well

as surface morphology of diamond films are stron-
F3.5 gly dependent on the experimental parameters such
ELECTRONIC STRUCTURE AND ENERGY PARAMETERS OF as substrate temperature, flame composition, gas

flow speed, distance between the inner cone ofDIAMOND NUCLEI- A FIRST PRINCIPLES CLUSTER AP- the flame and the substrate, the tilted angle of
PROACH. A. Altshuler, MIner, C.C. AiandY.C. Yang, Physics the flame with respect to the substrate and the
Department, University of Lowell, Lowell, MA. ambient gas composition which can be varied by

flowing gases towards the substrate through the
We present results of Multiple-Scattering X-alpha Self-Consistent flame that is tilted at an angle wrt to substrate.
Field (MS-Xa-SCF) calculations of electronic states and total ener- By varying the flame composition with time and
gies of small clusters of carbon atoms arranged in diamond-lattice scanning the flame across the substrate, diamond
positions. Relaxation of bond lengths gives the equilibrum strucure films can be deposited in several minutes on si-

licon substrates. We will discuss the microstru-of the diamond clusters, considered as nucleation centers. Com- ctures of diamond crystallites and the physical
parison of total energies of clusters of increasing size enables us to and electrical properties of diamond films based
estimate the surace energy of these nucleation centers, whichare on data obtained from Raman spectroscopy, I-V,
to be used as paramenters in a thermodynamic theory ofd amond SEM, surface profilometry and optical emission
nucleation and growth. spectroscopy. The advantages and disadvantages

of the flame CVD technique will be presented.

We present results of similar calculations on these same clusters F3.8
modified to simulate their embedding in bulk diamond. We obtain ENHANCEMENT OF DIAMOND SP 3 BONDING IN RF SPUTTERED

CARBON FILMS WITH NITROGEN GAS ADDED :in this way asmall-cluster model of bulk diamond, and identify mo- C T. YEH and J M. SIVERTSEN, DEPT. OF
lecular orbital precursors of conduction and valence bands. CHEM. ENG. AND MAT. SCI., U. OF MINNESOTA, J. H.

JUDY, DEPT. OF ELEC. ENG., U. OF MINNSAOTA,
F3.6 MINNEAPOLIS, MN 55455

EFFECT OF DIFFERENT CH,-H 2 GAS COMPOSITIONS ON THE
MORPHOLOGY AND GROWTH RATE OF DIAMOND GROWN BY HOT Thin carbon films were prepared by RF diode
FILAMENT CVD. Edward N. Farabaurh and Albert Feldman, sputtering of a graphite target in a mixed
National Institute of Standards and Technology, nitrogen/argon plasma. A series of carbon thinNaitrstut of Sfilms were deposited as a function of nitrogen

partial pressure. The substrates were Corning #2
Diamond film growth has been carried out on single crystal cover glass. We observed a systematic variation of

Si and polycrystalline mullite substrates by hot filament the properties of the carbon thin films with
chemical vapor deposition. Both substrates offer a good increasing nitrogen partial pressure. Auger
thermal expansion match to diamond. Gas mixture ratios of electron spectroscopy (AES) , X-ray photoelectron
CH,,:H, ranged from 0.1-1.0%. The remaining deposition spectroscopy (XPS) , TEM diffraction study showed
parameters were: substrate temperature, 750*C; filament that nitrogen stabilizes the sp 3 diamond bondingparamtersin some instances more than in a-C:H films.
temperature, 1800C; gas pressure, 40 torr; gas flow rate,

52 accm except for the 0.10 CH,:H2 ratio deposition in From AES studies, it was shown that as the
which the flow rate was 120 acca. Film thicknesses were nitrogen partial pressure increases to 1 mtorr or
determined from cross sectional SEN micrographs. The above, in a total sputtering pressure of 10 mtorr,
average growth rates on the mullite increased with the carbon Auger spectrum (in fine structure) is
increasing CH. gas fraction, ranging from 0.05 pm/hr to ;,tentical to the diamond Auger spectrum. XPS
0.21 um/hr. Growth rates on the Si substrates were studies also show that the diamond phase (which
slightly lower for identical growth conditions. Surface has a binding energy of 287.28 ev) is present,-
SEM micrographs revealed that the roughness of the films a s amund in ee d as e i prta
decreased with increasing CH. gas fraction during and its amount increased as the nitrogen partial
depoiltion. X-ray diffraction patterns showed that pressure increased. Further characterization of
crystalline grain size in the films decreased with these carbon thin films by TEM diffraction,
Increasing CH4 gas fraction. No preferred optical ellipsometry and dielectric constant
crystallographic orientation was sen in the diffraction measurements also will be discussed in this paper.

patterns. Isolated particles were also grown on Si
substrates under the same deposition conditions as the 1 .rEREJCES1. T. Mori and Y. Namba, J. Appl. Phys. 55,
file growth. As the C 4 gas fraction increased, the 3276(1984).
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F3.9 Diamond thin films have been synthesized at low
pressures by chemical vapor deposition (CVD)

IMP ORTANCE OF FILAM;Nf MIIA(IVIIN l-OR ('VD DIAM()D and, recently, at ambient atmosphere with an
GROW'Il. M.Sonmcr and F.W.Smilh. eipurtmtent of Physics. City oxygen-acetylene welding torch, both on Si as a
College of N.4w York, Convent AvtL & 1*ilh St. . 14,w York, NY 10031. substrate. By the application of appropriate

thermal or mechanical stresses to the substrate,
the diamond films can be delaminated. The dela-

We report on an investigation of the behavior of a W filament healed minated films even when only a few microns thick
in mixtures of CH 4 and H2 (1200 to 250(0C. 4 and 25 Torr. CH4 / H2 can be handled easily without fracturing.
- 1% and W1,). After the filament has been thermally converted to Scanning electron microscopy (SEM) exatination
WC (4 1 k<2)e evidence for the existence of a layer of graphilic carbon of fractured CVD diamond films shows the
on the filament surface has been obtained from emissivity measure- presence of both intra- and inter-granular
ment%. Hie removal of the C deposit at a high enough temperature fracture attesting to the inherent strength of
(22.-2281K') has been observed from emissivity and also from res- the films. Using transmission electron micros-copy (TEM), twinning and stacking faults arelane. power consumption and reactivity studie. The reactivity of the seen within the crystallites of the films. By
ilament surface (ie. its efficiency in dissociating H2 and CH 4 ) increases combining SEM and TEM examination, the relative

dramatically when regions of lhe surface become C-free. Thu transition degree of intragranular fracture found in films
temperature from deposition to etching (i.e from a C-overed to d (A-re. synthesized by both CVD and oxygen-acetylene

torch has been investigated. Possible mecha-filament surface) and its dependence on the CH 4/ H2 ratio are in g(XJ nisms for the intragranular fracture and the re-
agreement with our thermodynamic model'. Since atoik hydrogen lative strength of such films will be discussed.
plays a vital role in CVD diamond growth, our results show the F3 .12
importance of operating the filament using conditions where the sur-
face is clean and hence most reactive. We will indicate how measure- APPLICATION OF A THERMOBALANCE FOR STUDYING

DEPOSITION KINETICS OF DIAMOND FILMS.ments of filament resistance and power consumption can be used in a Jerry Czarnecki, David Thumim; Cahn Instru-
simple manner to monitor the C coverage, and hence reactivity, of the ments, 16207 Carmenita, Cerritos, CA 90701
filament sitriace.ila.mtirlaer. S tIn spite of the tremendous progress in the
1.M Snmer, K.Mui & F.W.Smith. Solid State Communical ions, 159 (7) field of deposition of diamond films, full
775-8(1%*9) control of the processes involved is still

F3.IO to be developed. The ultimate goal: mono-
crystalline growth of diamond on non-diamond

HIGH-RATE DEPOSITION OF DIAMOND BY DC ARC DISCHARGE substrates requires better insight into the
elementary processes. Due to the limitationsIN HYDROGEN-METHIAN MIXTURE GAS Xiang-Liu JIANG, in the presently available instrumentation,

Beijing Institute of Science and Technology, Beijing, China ; Fang-Qing too little is known about kinetics of diamond
ZHANG, Ying-lHu YANG, Jing-Qi LE , and Bing YANG, Lanzhou deposition.
University, Department of Physics, Lanzhou. China. Thermobalances present large potential for

studying kinetics of diamond growth, as they
provide continuous monitoring of the process,

The preparation of diamond films with applicable structure, proper- as well as temperature- and environment
ties, uniformity and repeatability is undoubtely required for the fabrication of control, especially in Hot Filament-, and
electronic devices using the diamond films as the structural layers. Laser-Enhanced CVD. A Cahn thermobalance type

TG-171 has been applied to study HFE CVD
deposition of diamond and diamond-like films

In this study, the polycrystalline diamond films with high growth- from CH 4 . Changes in the deposition rates
rate have been synthesized by dc arc diacharge plasma CVD in a during each individual process may indicate
mixture gas of CH4(I%) and H2 (99b). The diamond films are deposited on three stages of the deposition kinetics:
water-cooled silicon and molybdenum substrates at gaseous pressure of 1- generation of nuclei (slow, linear;);

200Torr. The typical arc discharge is performed at 200V and 4A, while 2- growth on nuclei (exponential); 3- growth
on the surface of diamond film, completely

the hydrogen flow rate is about 3000-3500 seem. The crystallinity of covering the substrate (fast, linear).
diamond films preparedare characterized well by X-raydifferaction (XRD), An attempt to determine the concentration of
Ramanspectroscopy, sand anningelectronmicroscopy(SEM).l t is verified graphite in the deposited layer, based on
byXRDandRaman measurements that the synthesized diamond films differences in oxidation rates of diamond

and graphite has been proposed, as
are identified as natural cubic diamond structure and contain substantially supplementary to X-ray diffraction method.
no graphite or amorphous carbon. SEM photographs show that the crystal
grain size reachs 50-40 pm and the average growth rate of diamond films, F3.13

deposited during 4 hours, is about 40-40 pm/h. However, it is observed FAR INFRARED LASER MEASUREMENTS OF DIAMOND
that the crystal grain size and the film thickness are not proportional to FILMS. Lawrence P. Bourget and Dr. Richard S. Post,
the deposition time. Applied Science and Technology, Inc., 35 Cabot Road,

Woburn, MA 01801; and Dr. Robert Giles, Andrew
The characterization results o structure and physical properties for Gatesman, and Greg Phillips, Department of Physics,

the prepared diamond films are reported, and the possible applications Lowell University, Lowell, MA 01854.
for electronic device fabricaton are discussed.

F3.11 This paper will discuss polycrystalline diamond

UlTRA- AND IRTERGRANULAR FRACTRZJ or DIAMOND THIN deposited onto silicon using a high pressure microwave
FILMS. a flnm.C , A.A. Morrish, O.3. Butler, and plasma source. These films were characterized using
B.B. Rath, Naval Research Laboratory, Washing- ellipsometric measurement techniques with far Infrared
ton, DC; and N.A. Carrington, University of (300 GHz - 3000 GHz) laser sources, as well as FTIR,
Florida, Tampa, FL.
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The deposited films were found to be only weakly are discussed. We compare hydrogen incorporation in diamond films
absorbing in this band. prepared by CVD, amorphous hydrogen free and hydrogenated films by

laser ablation and plasma hybrid technique(l) and hydrogenated amorphous
The film characteristics and their dielectric properties DLC films by soft vacuum, CW electron beam cracking of methane and
will be presented, acetylene (2). The nature of diamond epitaxy on various substrates will be

F3.14 addressed.
CHARACTEIZATI0N OF HOLLW-CATHODE DC DISCHARG GROWTH References:
OF DIAMOND - H.N. Chu, A.R. Lefkow, R. Redwing, 1. J. Krishnaswamy, A. Rengan, J. Narayan, K. Vedam and C.
L.W. Anderson, M.G. Lagally, J.E. Lawler, Departent of McHargue. AppI. Phys. Le., 54,245 (1989).Physics, Univrsity of Wisonsin, Madison WI 53706 M~ru.Ap.Py.Lt. 424 18)

2. J. Krishnaswamy, L. Andriunas, H. Zarnani, C. Collins and M. Caolo,
Diand film have been grown by a variety of methods. 1988 Spring Meeting of MRS, Nevada
Of thes, especially intresting is the work reported
on the use of hollow-cathode discharges. We have grown F3.18
dia on Si (100) using a Ta spiral hollow cathode Laser-Flash Method for Investigating the Thermal
and O.5% CH4 in H2 at 30 Tort and 80 scem, with 150V Conductivities of Diamond Thin Films Synthesized by
potential and a 1 on substrate-cathode spacing. The EA-CVD. Yang Peichun Pu Xin Xuan Zhenwu
substrate temperature is 900 C and the growth rate is Qi Lichang and Hou Li Research Institute of
about 0.5 um/hr. The existence of diamond , S Synthetic Crystals P.O. Box 733, Beijing 100018
verified with both Raman scattering and scanning P.R. China.
electron microscopy. We have also used a solid Cu
electrode with an abnormal glow discharge. In order to Natural Ila diamond crystal exhibits extremely high
attempt to uderstand the plasma chemistry, we have thermal conductivity, which (A- 21 W/CM K ) is
made emission measurements of the different glow five times higher than that of copper at room
regions. We observe a glow near the cathode, a dark temperature. So, it is very important to make
space, and a second glow near the anode. We shall relative precise measurement of thermal conductivi-
describe emssIon measurements as a function of anode- ties of the diamond thin films for its use as
cathode spacing and attempt to relate them to the semiconductor materials, especially as heat sinks
growth rate of the di film. used in electronic devices. In this report, the

thermal conductiviites of diamond thin films
Research Supported by NSF Grant No. CER-8721545 in ( diamond thin films was etched from Si substrate
support of the Engineering Research Center - Plasma by mixed solution of HNo and HF 3:1 in Volume )
Aided Marnfacturing .  which synthesized by EA-VD under different deposi-

tion conditions were investigatied by Laser-Flash
method. The influences of deposition conditions,F3.15 such as, the concentration of hydrocarbon gases,

FREE-STANDING CVD DIAMOND SHAPES AND COATINGS. Donald substrate temperatures and crystallography struc-
£J atterson, Robert H. Hauge. and John L Margrave. Rice University and tures of the films on their thermal conductivities
the Houston Area Research Center, 4802 Research Forest Dr., The were analysed. The results provide some effective
Woodlands, TX 77381. information for the application of diamond thin

films in electronic devices.

Free-standing CVD diamond film cylinders have been prepared via the hot F3.19

filament technique. The cylinders have been characterized by both Raman Study for Growing Diamond Films (DF) on Surfaces of
spectroscopy and X-ray diffraction. The cylinders have been prepared to Various Materials. Pu Xin Yang Paichun
have either a rough interior and a smooth exterior or vice versa.The rough Xuan Zhenwu Qi Lichang and Hou Li Research
side is used to form physical bonds to a second surface. Methods of Institute of Synthetic Crystals, P.O. Box 733,
transferring and bonding diamond cylinders to another cylinder Will be Beijing 100018, P.R. China.
discussed. Other free-standing diamond forms, bonding techniques, and
potential coatings applications will also be discussed. In this paper, deposition of DF on surface of some

materials as substrates by electron-assisted CVD
F3.16 ABSTRACT WITHDRAWN technigue is reported. The materials used as subs-

trates were Si, Mo, Cu, Diamond Ceramics and quartz
F31.7 glass ,etc.

In the experiment, Ha , CM , and CZH$OH were used
LASER ASSISTED TECHNIQUES FOR DIAMOND AND as gas sources. The tungsten filament heated up to
DIAMONDLIKE THIN FILMS J. Krishna-wamv, A. Rengan, G. Matera, 2000 C was adopted for thermal decomposit device,

and a direct voltage between filament and holder
M. Longo. A. Srivatsa and J. Narayan, Dept. of Materials Science and below the substrate was applied . The filament is
Engineering and R. Nemanich, Dept. of Physics, North Carolina State negative and holder positive. The elementary para-
University, Raleigh, N. C. 27695-7916. meters of experiments are as following: total flow

of gases 50-200 cc/min the content of hydro-
carbon in gases C.5-2.0 % the temperature of sub-

We describe preliminary results of diamond and diamondlike thin strates 600-900 C ; The voltage between filament
films produced by laser assisted, hot filamen CVD and laser ablation & and holder 50-150 V , The 1333 carl peak in Ramanspectrum of samples obtained at precious condi-
plasma hybrid techniques. The hot filament CVD films are deposited from tions show that they are polycrystalline diamond
hydrocarbon percursors on a continuously excimer illuminated silicon films. The crystallography morphogy was observed

with SEX.substrate and the diamondlike films ar deposited using a laser ablation and Results of the experiments shoved that differences
plasma hybrid technique wherein graphite targets are ablated in hydrogen of the forming nucleation and depositing processes
and hydrogen free ambients. Microhardness and optical band gap by changing operative paramenters were quite obvious

measurements of the laser deposited films show an inverse correlation as a Especially, they were different between each
other for various substrates, although the operative

function of substrate temperature. Microstructure and property correlations conditions were similar, The present research is
of the films as characterised by TEM, FTIR, SIMS, and Raman techniques
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important in increasing speed of growth and F4.3
improving quality of growing DF and is quite IN-SITU CHARACTERIZATION OF THIN POLY-
valuable in application. CRYSTALLINE DIAMOND FILM QUALITY BY

F4.1 THERMAL WAVE AND RAMAN TECHNIQUES.
HOMOEPITAXIAL DIA.MOND FILMS, M_ W_ Geis, Lincoln Laboratory, RW, Pryor, P.K. Kuo, L. Wei, R.L.Thomas and P.L.Talley
Massachusetts Institute of Technology, Lexington, Institute for Manufacturing Research and Department of
Massachusetts 02173 Physics,Wayne State University, Detroit, MI 48202, USA
Homoepitaxial growth techniques are being developed to
obr.ain device quality films. The hot filament technique was In this paper, the thermal wave technique and microfocus Raman
used to producc epitaxial filias on t100)-, (liu)-, and spectroscopy are applied to the measurement of the relative quality of thin
( 11)-oriented, type-Ila diamond substrates. Hydrogen, diamond films deposited on silicon and other substrate materials.The ther-
containing 3% acetone, was used to grow the films and mal wave technique uses a modulated heating laser beam, normal to the dia-
BIOCH3)3 was added to the gas mixture when boron-doped films mond film surface, to initiate a thermal wave which propagates into the film
were desired. The filament temperature was 2200 *C, as and the substrate. The resulting modulated surface temperature profile
determined by an optical pyrometer, and the substrates were launches a thermal wave in the overlying gas(ses). The accompanying
placed on a 850 *C carbon substrate holder, 0.4 cm below the modulated gas density is then interrogated by a second (probe) laserbeam.
filament. The system was operated at a pressure of 0.2 bar mo e gasde ieited by sond probic casrbetm.
and the residence time of the gases in the chamber was The probe bean is defeted by the corresponding periodic changes in the
I0 minutes. Films as thick as 20 Piu have been obtained gradient of the refractive index of the gas. The probe beam deflection versus
without cracking or polycrystalline growth. For undoped offset position information is fitted, using a theoretical solution of the three-
films, growth rates of 1.3, 4.1, and 1.8 Jim h - 1  were dinensionalthernaldiffusionequationforthegas/film/substratesystem.
obtained on (100)-, (110)-, and (111)-oriented substrates, Thephysicallyimportant parameter for this application of the method is the
respectively. The growth on the (100)-oriented substrates value obtalned for the diffusivity of the measured diamond film. Thermal
was smooth while films on (110)-, and (i1)-oriented conductivities derived from our diffusivitv measurements using this method
substrates were rough. With the addition of B(OC3) 3, compare well to previous measurements on similarly prepared films by
growth rates of 6.6, 14, <0.7 ILm h- 1 

were obtained on other methods. Currenly measured values for the thermal conductivity of
100), (110), and (111) substrates, respectively. Films on high-quality po]ycrystalline diamond films are of the order of 9 W/cmK.
(I00)- and (110)-oriented substrates were smooth while those
on (111) substrates were very rough. The undoped films were A multiscan, microfocus Raman spectroscopy technique is also applied to
insulating and the doped films had resistivities on the the same films to determine the diamond to "graphite" ratio for a relative
order of of 3xl0- 3 Q cm with boron concentrations in excess filmqualityassessment Measured values of thermal conductivity for lower
of 1020 cm- 3 . The films were epitaxial as determined by x- diamond content films range between the 9 W/cm.k value and the thermal
ray and reflection-electron diffraction. Twinning occurred conductivity of graphite. Measurements have also been made on bulk dia-
only in the boron-doped films grown on (111) substrates. mondusingthethermalwavetechnique.
Dislocation densities less than 108 cm- 2 

were obtained with This work was supported by the Institute for Manufacturing Research. Wayne State
the undoped films on (100)-oriented substrates, as University and by the Army Research Office under Contract No. DAAL03-88-K-0089
determined by transmission electron microscopy. Initial
results of secondary ion mass spectrometry indicate that the F4.4
films contain only carbon and boron. This presentation will REGROWTH OF RADIATION DAMAGED LAYERS IN DIAMOND PRODUCED BY
discuss the epitaxial growth, and requirements for
semiconductor quality material. ION IMPLANTATION AT LIOU)D N)TROGEN TEMPERATURE. G.S. Sandhu, B.
-This work was sponsored by SDIO/OST through the Office of
Naval Research. Liu, M.L. Swanson Department of Physics and Astronomy, University of

North Carolina, Chapel Hill, NC; and W.K. Chu, Texas Center forF4.2
EE A PSuperconductivity, University of Houston, TX. 77204-5506, USAELECTRICAL PROPERTIES OF HOMOEPITAXIAL DIAMOND FILMS.

G Sh Gildenhtar . S. A. Grot, C. W. Hatfield, C. R. Wronski, A. R.
Badzian, T. Badzian, and R. Messier, The Penn State University, The recrystallization of radiation damaged layers in natural diamond
University Park, PA 16802. created by ion implantation is an interesting problem due the inherent

We describe the results of electrical characterization of instability of the diamond phase at normal temperatures and pressures.
homoepitaxial diamond fih . This includes measurements of
film resistivity, I-V and C-V-F characteristics of Schottky diodes Recent successes with the CVD deposition of diamond films and doping of
with a homoepitaxial diamond base, ohmic contact natural diamond by ion implantation have brought diamond
characterization using a modified Shockley. ladder structure and
the effect of surface treatments on film properties, microelectronics closer to practical realization. Unfortunately, diffusion

Single crystal and polycrystalline homoepitaxial diamond films of interstitials and vacancies as well as identification of various deiocts in
were grown using a microwave plasma assisted chemical vapor diamond are not very well understood problems. We have used
deposition process. Single crystal diamond (100)-oriented RBS/Channeling and optical absorption to study the regrowth of
substrates were obtained by cutting natural industrial type
diamond. Both doped and undoped diamond films were disordered layers in diamond produced by implantation at 77K with
investigated. The doping was achieved by placing boron powder
on the substrate holder inside the deposition chamber. The carbon, or carbon plus boron ions. Post implantation annealing has
diamond nature of the films was confirmed using Raman shown a large annealing step at 500 oC which could arise due tospectroscopy. x-ray diffraction and other methods. interstifiaVvacancy diffusion. The effect of furnace annealing versus RTA
Evaporation of gold, aluminum, and titanium through shadow will be discussed in terms of interstitial and vacancy diffusion in
masks was used to form test structures for the electrical
characterization of the films. Schottky diodes with excellent diamond. Optical measurements on the boron plus carbon ion implanted
rectifying characteristics were obtained using a single crystal samples after RTA have shown large new absorption bands around 1060
homoepitaxial base. As in the case of Schottky diodes with a
polycrystalline diamond base, diode characteristics are cm- 1 which could be due to the formation of boron related defects in
controlled by deep acceptors. diamond.

Additional treatment of the homoepitaxial film surface can
induce the transition from rectifying to ohmic behavior of the
metal/CVD diamond contacts.
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F4.5 F4.7
D.C. AND A.C.CONDUCTIVITY OF DIAMOND PILMIS.G9AS. - ELECTRICAL PROPERTIES OF THIN FILM AND BULK DIAMOND
_o., A.A.Botev, L.L.Bouilov, S.V.Bantsekov, TREATED IN HYDROGEN PLASMA. Sacharia Albin and Linwood
O.I.Lazsareva, I.G.Teremetakaya. Institute of Physi-
cal Chemistry of the Academy of Sciences of the Watkins. Department of Electrical and Computer Engineering. Old
USSR, Leninaky Prospect, 31, Moscow 117915t USSR. Dominion University, Norfolk, VA 23529.

Owing to the finding in the field of diamond syn-
thesis from an activated gaseous phase, diamond po- Current-voltage characteristics of type la synthetic diamond, type llb natural
lycrystalline films(DPF) can be obtained on ete- diamond and free-standing diamond films are measured. The diamond
rogeneous substrates on areas measured in cm . We films are polycrvstalline, deposited on sacrificial silicon substratcs using a
studied the influence of temperature T on static
G and dynamic G electrical conductivity of di-. microwave chemical vapor deposition process. These samples are subjected
;A8nd films in thtrystems tungsten substrate-dia- to hydrogen plasma treatment under varying conditions. A 20 minute
mond film-quadag electrode. DPP were obtained by exposure to a hydrogen plasma induced by 50W rf power is sufficient to
the method of chemical crystallization from an ele-
ctrically activated gaseous phfse. Tungsten sub- increase the conductivity of all the samples by five orders of magnitude.
strates with an area of 0.5 am were used. The tem- Furnace annealing in a nitrogen ambient show that hydrogen is retained by
perturt of the substrates (T ) was varied from all the samples up to 4000C. Apart from these two common features among
800u to 1200mC.

the samples, their I-V characteristics show considerable difference . The
The structure of the films was studied by the me- forward and reverse characteristics of the polycrystalline film are identical

hods of fr tograph and X-r d fr tmet .The and the increase in conductivity may be due to the passivation of grainvisible dimensions of the czrstalliteos and the di-
-wmeions of the regions of coherent scattering(RCS) boundaries: a similareffect has been observed in the case of polycrystalline

were determined. 0 (T) and G¢(T) of DPP were mea- silicon. The bulk diamond samples show asymmetrical I-V characteristics.
sured in the tempeJ'ture rangi t T.(300-900)K for The forward current for type la diamond is an order of magnitude higher
diamond films obtained for different T . In the
studied temperature range(300-900)K th~re are two than the reverse current whereas it is about five orders of magnitude higher
temperature regions, in each of these regions Gdo in the case of type Jib diamond. The significance of these results, along
is described by the exponent with its own activa- with the effect of hydrogen plasma conditions is discussed. Results of
tion energy value E. According to obtained data the
11 w of the change of G (f) can be written an 0 control experiments to understand the role of atomic hydrogen in diamond
f , where thepower inffli decreases with increaiUng will be presented.
T. Experimental results of temperature variation
of conductivity u-e considered on basis of grain- F4.8
boundary model. DEEP LEVEL TRANSIENT SPECTROSCOPY STUDY OF THIN

F4.6 FILM DIAMOND. K Srikanth and S. Aslo Department of
Engineering Science & Mechanics and Center for Electronic Materials

SH-IJCI",F NIClLAtIJtN BASE) FPITAX'I OF (CD DIAOM) AND I1S & Processing. A. Badzian, T. Badzian and R Messier, Materials Research
P. 1CArBI.ITY TO SEM I CONDUCTIhGr.% .DI oota Laboratory, the Pennsylvania State University, University Park, PA 16802ll.lawarada, .I.S.Ma. "1.1 onehara, 1.1o.kota, 'Y.Mori. J.%ei
,i d A.tiraki. Faculty of Engineering. Osaka University,
Suita. Osaka 565. Japan.. 'Canon Inc. lamura, Hiratsuka, Metal contacts on polycrystalline, semiconducting diamond thin films
kanagawa 254, Japan. have been shown to exhibit rectification, and such Schottky contacts

are useful in realizing metal-semiconductor field effect transistors
A substrate paved with large single crystal grains D1O i (MESFET) for high-temperature electronics. We have carried out a
m with equal size in a periodic array has a lot of deep level transient spectroscopy (DLTS) study of poly-diamond
properties equivalent to single crystal. This kind of
structure has been firstly fabricated in Si using synthesized by a plasma enhanced chemical vapor deposition process.
selective nucleation based epitaxy (SENTAXY) and the
device performance is equivalent to that of single crystal. Au and A] Schottky contacts were used on the undoped (p-type) poly-

diamond, and the DLTS spectra were measured at various reverse bias
Op have fabricated a periodic array of nearly single voltages in the temperature range 100 - 450 K. From the DLTS
crystal diamond particles of 10 u m using plasma CVD on measurements at 1 V reverse bias, a very prominent peak is seen
the Si substrate with finely patterned dots (less than 2u
ml. The edges or corners of dots are subjected to change corresponding to a majority carrier trap 316 meV above the valence
to suitable nucleation sites during the pretreatment with band minimum. The trap concentration determined at 400/s rate
abrasive powders. The nucleation sites retain only at windowis8x 10 a3 cm 3. This trap concentration decreases to 3 x 10,3
these parts during the oblique irradiation of Ar. Single cm*3 with 3 - 10 V reverse bias. Along with the drop in trap
nuclei can be formed at small dots and nearly single concentration with increasing depth, the activation energy also
crystal particles grow until they come in contact with decreases from 311 meV at 3 V to 286 meV at 10 V.
one another. The superiority of the edge or corner
nucleation is that the well-controlled selective growth
occurs in one dimension or on desired points. From low-temperature capacitance-vohage (C-V) measurements, a

strong dependence of the slope of 1/C2 versus voltage plots is seen as
One of the advantages of SENTAXY in CVD diamond has been a function of temperature. This is consistent with the deep energy level
obtained in the luminescent properties. The cathodo- of p-type dopant in diamond.
luminescence intensity has been increased by at least
several times in the arrayed particles formed with SENTAXY F4.9
compared with the polycrystalline films with random N-TYPE DOPING AND DIFFUSION OF IMPURITIES IN
nucleation sites deposited at the same condition. Since
the grain boundaries are supposed to be act as DIAMOND. S. Kallhara. A. Antonell. and J. Bcrnholc. NC
nonradiative recombination center due to conductive layer. State University. Raleigh, NC 27695-8202.
the much lower density of the boundaries in the former
sample is crucial for the efficient luminescence of the For many electronic applicaUons of diatnimd technologpv It
CVID diamond. For the same reason, the better junction is necessary to dope diamond n-type. However. n-tylC
properties of semiconductor are expected. doping of diamond Is very difficult and the only confirmed

shallow n-type dopant is Li. which is believed to OCCUPY an
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interstitial position and to diffuse rapidly at elevated tern- infrared around 1060 cm- 1 and 2960 cm "1 and electrical resistivilies
peratures. In our search for a suitable donor for high ten- less than 200 ohm-cm, indicating a high substitutional traction of boron
perature applications, we have investigated theoretically a
number of potential n-type dopants, such as P. LI. and Na, atoms. Results of various measurements performed on nitrogen and
as well as common contaminants, such as N. The Car- phosphorus doped samples will also be discussed.
Parinello method was used to calculate the equilibrium
atomic positions of the impurities and of the surrounding F5.I
carbon atoms in a 64-atom supercell. ELECTRONIC PROPERITES OF DIAMOND/NICKEL AND

DIAMOND/BORON NITRIDE INTERFACES. Warren E.For substitutional impurities, our previous work on self- Pickett and Steven C. Erwin, Code 4692, Naval Re-
diffusion in diamond has shown that interstitial-mediated search Laboratory, Washington, DC 20375-5000.
diffusion pathways are much less favorable than the ones
involving a vacancy. However, even the vacancy pathway re- The preparation and many applications of epitaxial
sults in a tather high activation energy for difitision. Larger diamond (Di) films requires an understanding of
substitutional impurities, such as P, iiitrodtIec substantial the bonding and electronic characteristics of the
strain fields into diamond, resulting in a positive incorpo- interface between diamond and other solids. We
ration energy. These results suggest that larger dopants have recently applied two ab initio methods tostudy two such interfaces: the Di/Ni (001)
should be introduced into the material by ion implantation interface as a canonical Di/metal system, and
or other non-equilibrium methods. earlier the Di/BN (110) interface as a system

involving two wide bandgaps. The near lattice
F4.10 match, favorable surface properties, and recent

experimental studies suggested the Di/Ni system.DEPOSITION AND CI-LARACFERI7ATION OF UN DOPED AND Using a superlattice geometry with 4 layers of Di
NITROGEN-DOPED DIAMOND THIN FILMS.* Jose h B. and 3 layers of Ni, it was found that more Di
Milstein, Lian Li. Ye-Yung Teng, and Anatoly M. Alhshuler, layers were necessary to allow some C atoms to

niversity of Lowell, Lowell, MA approximate the bulk in Di. Results for the
bonding, interface states, and an estimate of the
Schottky barrier height from a 6-Di/5-Ni layerWe have investigated ihe deposition of diamond, with no superlattice will be presented and analyzed. The

intentional doping and with nitrogen doping, in a low characteristics of the interface will bepressure radio-frequency plasma assisted CVD deposition contrasted with previous results on the Di/BNpese opraingt 440 sma azSustrstes of alum itim interface. A general result suggested by thesesystem operating at 440 KHz. Substrates of aluminum calculations is that the satisfaction of Dioxide and in-situ deposited silicon nitride on silicon dangling bonds by the Ni atoms may play little
wafers have been employed. The depositions have been role in the bonding. The narrow (5 eV) d bands
carried out with substrate temperatures in the range of are confined to the Di gap region, whereas the Di
700 tO 1200 OC. s-p bands span a 20 eV region lying below the dbands and thus bond only indirectly. Establishing

the principles which determine bonding of C atoms
Characterization of the films has been performed by a to foreign surfaces is a priority in this study.
variety of techniques including x-ray diffraction.elpoeyelectrical measurements, and optical Supported by the SDI0/IST program through The
ellipsometry, office of Naval Research.
absorption.

F5.2
*Supported in part by Sanders Associates, Nashua, NH. PSEUDOMORPHIC DIAMOND, PREDICTIONS OF STRUCTURE AND PROPER-

F4.11 TIES. A.M. Altshuler, A.S. Karakashian. Physics Department.
Universi-ty-oT Lowell. MA.

DOPING OF DIAMOND BY COIMPLANTATION OF DOPANT ATOMS WITH Electronic and Atomic structure of strained layers of Dia-

CARBON. GS. Sandhu, M.L. Swanson Department of Physics and imOnd have been calculated by means of an" ab initio" pseud-
potential approach. Same thermodynamic. electronic and op-

Astronomy, University of North Carolina, Chapc' Hil, NC; and W.K. Chu, tical characteristics are estimated. Promising applications
Texas Center for Superconductivity. University of Houston, TX. 77204- of pseudomorptic diamond' electronic and electroptical

structures wil; be discussed.
5506, USA

F5. 3
CYCLIC-CLUSTER MINDO3 COMPUTATIONS OF THE LAT-

We have investigated the challenging problem of doping diamond by co- TICE CONSTANT AND BAND STRUCTURE OF BORON NI-
implanting boron, nitrogen and phosphorus with carbon into natural TRIDE, DIAMOND, SILICON CARBIDE AND RELATED WIDE

insulating type Ila diamonds. All the implantations were done at liquid GAP SEMICONDUCTORS. Lawrence C. Snyder, Chemistry

nitrogen temperature and some of the samples were then rapidly heated to Department, State University of New York at Albany.

1100 OC. Untike the previous attempts to dope diamond by room 1400 Washington Avenue, Albany NY 12222; Arthur H.
Edwards, Department of Electrical Engineering, University

temperature and high temperature ion implantations, this method is of North Carolina at Charlotte, Charlotte N.C. 28223; and

expected tc yield a higher doping efficiency for the implanted atoms. We Peter Delk, Physical Institute of the Technical University

have characterized the implanted diamonds with optical absorption, of Budapest, Hungary 1521.

photo-conductivity, cathode-luminescence and electrical measurements.

Boron doped samples showed new large optical absorption bands in the We have employed a 32 atom cyclic-cluster and the

Modified Intermediate Neglect of Differential Overlap

(MINDO/3) method to compute the lattice constant and
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band structure for boron nitride, diamond, silicon carbide Code 7601; and M.J. Taylor, Code 561, Naval Ocean
and other III-V wide gap semiconductors. Other proper- Systems Center, San Diego, CA 92152-5000.

ties of these crystals have also been calculated. The coin- Ohmic contacts to semiconducting diamond have been
putational scheme we choose allows inexpensive study of fabricated using photolithographic techniques that
defects in these materials. The results presented here parallel conventional manufacturing practice.

justify it from the viewpoint of representing the host. Thin metallic films of molybdenum, molybdenum/gold,
and molybdenum/nickel/gold were evaporated onto theF5.4 diamond surface in an ion-pumped ultrahigh vacuum

FI I 0F:AI.(CIIAItA(liIAlItIN I)F MI;..FA1, U()N'A(CIS (SN [)IA- system. The samples were annealed in a tube
MON) TIIIN III.MS Ii. Naiducci,.l .I (uio,no, C. Itchard (h;ailicri, S..1 furnace in an atmosphere of flowing purified
Whichair. IBNt tesearchl l)oisiii "[.J.W Vatson Rcsarch (:entcr, 1.(). Bhox 218, hydrogen gas. The current-voltage response of the
Yorkisii I ights NY 10599 samples were measured as a function of annealing

temperature and of isothermal annealing time.

l 'i ycrysialline boron-dopcd diamond thin films were prepared by microwave- Ohmic response is obtained after high temperature
cihamjced plaslna-assisted chemical vapor cposition. Ti. V, la, Nb, Al, Mo and annealing and the resistance of the contacts is
NV contacts %%ere prepared b" physical vapor dcposition and their behavior was decreased by approximately ten orders of magnitude
studied as a hinctioli of tic anllealing tenperature, atmosphere and duration. For relative to the unannealed condition. The measured
Ti contacts. short heat trcatments (less than, 6(0 minutes) at 500(tC under argon resistance is comparable to the sheet resistance of
atmospherc were foti toi make ohmic contacts for applied voltages up to 50 V. the semiconducting natural diamond.
I onger atnnealing limes, more rcactiie atmospheres, aod higher leinpcratures de-
graded time contact characteristics In order to obtaitt a more complete picture of Examination of the diamond/molybdenum interface
the interface sliuchire, the capacity-voltage characteristics and time impedance provides strong evidence that molybdenum has
spectra of the syslems "err measured between 10 K and 100 K. The interface reacted with diamond to produce a metal carbide
conlributiLn to the overall dielectric behavior of the system shows much shallower phase.
depletin widtls in 'li-diamond (ohmic) contacts than with the non-litear Nh and Partial funding of this research by SDIO/I ST
Ia contacts [lhe higher valies of the contact resistance antd tle shallower de- managed by M. Yoder, ONR Scientific Officer, is
pletion width with ti can be explained in terms of formation ofa thin carbide-like gratefully acknowledged.
region at the metal-seniconductor interfacc. tlie space-charge region width as well
as the distribitin of localized states in the hand gap were also determined. The FF5.7
effect if the mirostructure on the electrical properties (of the systems is di scussede
in colnpaiison with the bcihavior of melal contacts oIn singlc-cn'stal diamonds. Properties of CVD Diamond-Metal Interface

Yusuke MoriHiroshi Kawarada,Yoshihiro Yokota
F5.5 and Akio Hiraki. Department of Electrical

Eng , Faculty of Eng. Osaka University. Suita,
CONIACT RESISTIVITY 1; B DOPED CVI) GROWN DIAMONI) Osaka 565, Japan.
FIIMS. K. Nishimura'. K. l)as and J. T. Gilass, Materials Science atd
Engieering, North Carolina State University, Raleigh. NC, 27695-7907. Diamond is considered to be a central material

in the field of Schottky barrier theory,becauseSvisiting frnt Kobe Steel Ltd. in Japan of it's unique character- wide bandgap but zero
ionicity. In this experiment, p-type semi-

lie cottact resistivity ( Rc ) of various metal electrodes ot B doped conducting eptaxial and polycrystalline diamond
('VI) grown diatiiond filts were tmeasured. The B doped diamond filts films have been synthesized using microwave
%%ere grown by microwave plasma CVD using 0.5 % C114 itt 112 amd plasma chemical vapour deposition. CO/H, and
varying concentrations of I)ihorane (B2H 6 ) in the gas phase. The CH./H, mixtures were used as reaction gas and

u a tB.H./H, mixture as dopant gas. Much better
substrate temperature was approximately 900 C and the growth time rectifying property due to Schottky barrier has%&as 7 hours. All of the filis were polycrystalline with clear mixtures of been obtained in the films formed with CO(5%)/H,
(I ll) and (100) facets on the surface, compared with CH. (0.5%) /H 2 . From the point of

Raman scattering, the crystal qualities of
The metals investigated included Pt, TaSi2, Ni and Al. They were both films are in the same level. The difference
deposited by RF sputtering in order to achieve good adhesion between in the electric structure of local areas suchm as grain boundaryor surface is crucial for thethe contact and the film. Transmission Line Mode (TLM) patterns to barrier formation.In the case of poly-measure Rc were fabricated on the diamond films by conventional crystalline, the choice of metal which exhibits
photolithography. The dimensions of the electrodes were 300 pim X 120 higher barrier height in single crystal diamond
pim and distances between electrodes were 50 gm, 30 gm, 20 gm, 1( pm. is also important to obtain good rectifying
and 5pm. Film thickness of these electrodes were about 2,000 A. In property.
tIhe case of as-deposited Pt contacts, Rc was 8.6 X l0 - 4 fl cm 2 for a B/C Moreover,electroluminescence (EL) between blue
ratio of 400 ppm and 2.5 X 10-2 0 cm 2 for a B/C ratio of 40 ppm. Rc and green has been observed at both forward
increased monotonically when the B/C ratios decreased. This suggests (25v) and reverse (15v) biased metal/diamond
that tunneling effect is a dominant transport mechanism at the Pt/B interface, when Pt or Au is used as point-
doped diamond film interface for these doping concentrations. Other contact. EL spectra depends on the amounts of
metal contacts were deposited on the films synthesized with a gas boron doping and they have similar spectra
phase B/C ratio of 200 ppm. The orders of Rc were Pt <TeSi2 < Ni < compared with those of cathodoluminescence.
Al for as-deposited contacts at room temperature. Annealing effects for F5.8
these contacts will also be presented.

EPITAXIAL GROWTH OF DIAMOND AND DIAMOND
Acknowledgements; The authors wish to thank A. Nakaue, K. Kobashi, DEVICES. Naoji Fujamori, Itami Reseach
K. Miyata, K. Kumagai of Kobe Steel, Ltd. and R. F. Davis of NCSU Laboratory, Sumitomo Electric Ind. Ltd., 1-1,
Financial Support of Kobe Steel, Ltd. is also gratefully acknowledged. l-chome Koyakita, Itami, Hyogo 664, JAPAN.

To make diamond devices, it is important to
F5.6 get a good epitaxial layer, because

properties of the devices will be
METALLIZATION OF SEMICONDUCTING DIAMOND: Mo, Mo/Au, determined by the properties of the active
Mo/Ni/Au. K.L. Moazed, North Carolina State layer.
University, Raleigh, NC 27695-7916; J.R. Zeidler, Microwave plasma assisted CVD seems to be
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7suitable method for growing epitaxial temperature betwecn 10) K and 100)0 K. A cisilparative aiiaIvscs of Ilic ek1ctrical

layers. The substrate plane strongly behavior of implanted and diffused samplcs was caried oilS. which cluciilatedI hec
atfects the surface roughness and the electronic activitv of point defects iii diamond.
crystanity of the epitaxial layers. (100)
plane was found to be better than (110) or F5.11
(1l1) plane.
The properties of diamond epitaxial layer A DIAMOND SILICON HETEROJUNCTION DIODE. C.L.
are also affected by the deposition Ellison, Norton Company. 2532 South 3270 West.
conditions. Shiomi et al. reported the S.L.C. * Ut. 841.19; and R.M. Cohen, University
effect of CH. concentration in the reactant
gas. 6% was found to be the best methen of Utah. Materials Science Dept.. S.L.C.. Ut.
concentration. 84112. .1.T. Hoggins. Norton Company. 2352
Doping of element atoms is easily carried South 3270 West. S.L.C. * Ut. 84119.
out during epitaxial growth. B makes
diamond p type semiconductor with
resistivity which varies from 10-1 to 1050cm. Thin diamond films were grown on low
The authors found that P makes a diamond resistivity p-type silicon wafers by microwave
layer n type but the resistivity of the plasma assisted chemical vapor deposition
film was higher than 10' 0cm. (MPACVD). Using gold contacts, diode behavior
The properties of the diamond epitaxial was observed and forward bias current densities
layer will be summarized. i xeso msC2wr band ees
Some devices were tried to make using the i xeso msc 2 wr band ees
diamond epitaxial layer. Nishibayashi et 2 iscretdniiswr slwa
developed a emission device, successfully, 5 mamps/cm . Photocurrent was measured when
using shottoky junction. This device photon energies larger than the silicon band
emitted light which peaked at 530nm. Recent gap. 1.12ev. were used to illuminate the
developments of other devices Will be surface. Photocurrent continued to be measured
reported. even when the illumination spot was moved

several centimeters away from the metal-diamond
contact. The photovoltage was positive on the

F5.9 silicon. No photocurrent was observed when
BLUELIF DIMCN LI~r MITINGDEVCESTO E MSS-illuminating the area around one contact of a

BLOUE L. DIMsavD LIGonif higenGr Hayashi K1 enjiO~ diamond film grown on AIN. We conclude the
P~cc~. 4asaa Xdono ~igenoi H~55h, Knjidiamond-silicon heterojunction forms a diode.

Itoh, Takashi Inushima and Shumpei Yamazaki,

Semicnuctor Energy Laboratory Cb. ,Ltd., 398 Base F5.12

Atsugi-shi, Kanagawa, 243 Japan. §g9SAj ies farce in hi o i
con to in n1.9JyrrxytaLUDii aM20Z q5r*.

Recently, blue light emitting devices (LED) of W.I.Milte. K.K.Chan. K.J.Clay
diamnd have beet developed. We have been studying A.Putnis and M.E.Welland
diamond thin films as LED, formed by the magnet-

active microwave plasma CMmethod. Dept. of Engineering. Trumpimgton St.. Canmbridge
CB2 1PZ. U.K.

The advantages brcought by our proposal are to deposit Formation of Schottky diodes on 30nm - 50nin thick C
diamond thin films on large area. Actually,we films deposited from a capacitvoly coupled CH4./hr
succeeded in deposition of them on Si wafers of 4 rf plasma Is reported, Transmission electron

inches in diameter. And the disparity of the film i microscopy and Auger electron upectroscopy show the
smooth opaque films to be comprised of crystalline

thickness and quality is limited within 10%. The diamond grains ranging from l0nm - 2O0nim diameter.
diamond was analyzed by SEM, X-ray diffraction, and~ The films were deposited on n-type and p-type SI
Raman spectroscopy. if 0.8mm square chips are made substrates. Schottky junctions are formed by

by usting te developed diamond , it is possible to evaporating Im diameter Al dots using a shadow
prodiuce about 10,000 LED in one wafer. mask.

The thin films are found to be n-type (Phosphorous)
Blue like light has beet observed by means of both or p-type (Boron) doped form the underlying Si
cathode-ltzninescence (CL) and eletr-linescnce substrate, as Previously reported by Gilderiblat at

al1 . Film resistivity In the order of 1O7-100 ohm
(EL). It is expected that LED of diamond is produced -cm is observed at room temperature. Using the 1-5
as mass production scale. The details of our ohm-cm, resistive n-typs and p-type S1 substrates as
exermnt will be reported in the lecture. ohmic contacts. the Z-V characterist ics of the

sandwich cell are measured. These characteristics
F'5.10 show n-type and p-type diode behaviour for 'the Al/C

film/SI structures. The highest reverse breakdown
1:1 lFCI RICAI.- IIl I AVC Olt O I I -I U~SED I MI IItl IllES lN DIA\MOND voltages obsorved for the n-type and p-type diodes

SIN;IF-IS*AI. 1 Nrdcc, I umo III vwrchDii~on 1.1 are 65V and 150V respectively. A current density of
Watin Ieiarli(eter P) ~o 2XYoktwn lifit N l)Sty75mA/cw? is obtained at a forward bias voltage of

5V for the nk-type diodes end 20V for the p-type
The depende(Ince of tlte electrical properties oin the evolving doping profile durng diodes.
diffusion prcessevs was studied, as well as the role of the vacaiteic, in determininig
(lie electrical properties of diamonds 'I o this aim, IV, 11 and (;c were eposied 1. G .Sh .GL ldenblat et al,. App. Phys .Lett . . 33(7).
o(it amoind single-crystal h) physical vapor deptosition IThe elements were thten 198e.
thermally diffused into diamond at RCX)*O nnder helium atmospiere 1The deposited F
layer wan fiiially remnoved and subsequcit annca liuig eycle-, were carriedf olut. The F5 .13

diffusion prnfiles were tracked biy Nticlear Analysis Tcrltoiqtics For coimparison, THE IMPACr OF A-SIC, DIAMOND AND c-BN ON POWER
the same elements were implanted in diamonds at 70C K aod at room tenliperstitre. ELECTRONICS. Richard Kok. and Willarn Russel. Dtamnond1- Hecirical contact.% of different metali snecre deposited tin diamndi and the cturret- Materials. Inc.. 2820 East College Ave.. State College, PA. 1680 1: 35
voltage and the capacitv-voltagc charaetenistici were mneasned as a fiinctioir ol Cherry Hill Dr.. Danvers. MA. 01923.
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i-SIC, diamond and c-BN are the three ultimate semiconductors. All mechanism leading to these behaviours will be
three materials share many properties in common. Diamond and discussed. Comparison between results obtained by
SIC both exhibit polytypism. c-BN can be synthesized with rocksalt B+ and BF2

+ implantation will also be presented.
structure, and 2H BN is synthesized by shock methods. However. for
most high-performance semiconductor applications, the 3C F5.16
polytypes of diamond. BN and SIC are preferred. Useful
semiconductor devices can be made from these three materials OPTICAL BAND GAP OF DIAMOND-LIKE CARBON FILMS AS A
because they can be doped. Nitrogen and aluminum atoms are donors FUNCTION OF RF SUBSTRATE BIAS. Paul Pastel and Walter \arhuc,
and acceptors for.-SIC. respectively. Boron is the most shallow
acceptor for diamond and beryllium and silicon atoms have been Dept. of Electrical Engineering, Univ. of Vemiont, Burlington, 'T.
used as acceptors and donors in c-BN.

This talk will review Diamond Materials' efforts on the synthesis of The optical band gap of diamond -like carbon films are significantly less
each of these materials. Although only the monocrystalllne forms of than the band gap of diamond. Ion energy is believed to have significant
each material will be useful for high performance devices, these
materials will also be of great importance as polycrystalline sheets. influence on the optical bandgap of plasma deposited DLC films. This
Because of their high thermal conductivity and low electrical investigation systematically measures the effect that energetic ion
conductivity, diamond and c-BN sheets will play a critical role in the bombardment during growth has on the optical band gap of DLC films.
packaging of i-SiC, diamond and c-BN semiconductor devices.

A conventional SI power FET is compared theoretically to an The material is prepared by Electron Cyclotron Resonance Plasma Enhanced
equivalent diamond FET. Assuming that the diamond die
temperature can operate 200"C hotter than the Si die, and that the Chemical Vapor Deposition at low pressure, (I to 300 mTorr) and low
operating voltage of the diamond is 10 times greater than that of the temperature, (below 150 0Q. ERCPECVD allows one to decouple the
St. then the calculations indicate that a diamond FET can dissipate -
25 times more thermal power than the Si FET. This increased production of reactive species from the energetic ion bombardment of the
thermal dissipation results in the diamond FET delivering 35 times substrate. Reactive species production is controlled by reactor pressure and
more power-to-load than the St ET. input microwave power. The ion energy incident on the substrate is

F5.14 controlled by the divergence of the magnetic field and by the degree of bias

SIMPLE GRAPHITIC NETWORK MODELS OF "DIAMONDLIKE" applied to the substrate. Because the DLC films are insulating the biasing
CARBON. M. A. T and C. H. Wu, Research
Staff, Ford Motor Company, Dearborn, MI 48121- must be performed with an RF power supply.
2053.

Transmission measurements with a spectrophotometer are used to determineThe atomic structure of "diamondlike" carbon

(DLC) is not well understood. It is well optical bandgap.

established that the visible and near infrared F5.17
optical properties of DLC are determined by
small graphite-like aromatic clusters linked in STUDY OF AMORPHOUS CARBON THIN FILMS ON
a transparent matrix. For hydrogenated DLC (a- METALS, INSULATORS AND SEMICONDUCTORS
C:H) , spectroscopic studies show that the A *Min , X.-M. Wu, G.-R. Yang, A. Tu, P. Persans, and
aromatic clusters are linked by aliphatic T. -M. Lu, Center for Integrated Electronics and Physics
structures. In hydrogen-free DLC (a-C) some Department, Rensselaer Polytechnic Institute, Troy, NY
spectroscopic methods indicate a high degree of 12180.
"amorphic diamond" sp coordination, while local
probes indicate little or no fourfold carbon
coordination. we describe a very simple Because of their many desirable properties, such as
structural model based on a graphitic network in hardness, chemical inertness, and optical transparency,
which r-electrons are strongly localized by non- amorphous carbon (a-carbon) films have important
aromatic defects. Guided by experiment only in
the choice of defect, this "defected graphite" applications to the areas of protective coatings, surface

model reproduces many important properties of passivation, and X-ray lithography masks. We have

DLC and reconciles several conflicting employed a simple DC glow discharge technique to deposit

observations, a-carbon on a variety of metal, insulating and
semiconducting substrates using a methane and argon

F5.15 plasma. At appropriate deposition conditions, the films

DOPING EFFECT IN HYDROGENATED AMORPHOUS CARBON adhere very well to practically all substrate materials

THIN FILIMS BY ION IMPLANTATION. S.P. Wong, Dept. including : Si, Al, Cu, Ta, SiO 2 , polyimide, and paralyne.

of Electronics, The Chinese University of Hong The bias potential applied to the substates ranged from
Kong, Hong Kong; and Peng Shaoqi, Dept. of several hundred volts to over one kilovolt. These films
Physics, Zhongshan University, Guangzhou, China. normally contain both broad sp

2 and sp3 peaks in their
Raman spectra. Peculiar types of films containing only a

Hydrogenated amorphous carbon (a-C:H) thin films broad sp 2 peak in the Raman spectra have also been
have been prepared by rf glow discharge
decomposition of C6 H CH3 gas at 13.6 MHz. Multi- observed. I-V measurements of a-carbon deposited on

energy boron or phosphorus implantation into silicon substrates exhibit a Frenkel-Poole electron transport

these films have been performed to achieve a phenomenon. Possible mechanisms that lead to the
relatively flat impurity profile and the doping observed field-enhanced thermal excitation of trapped
effect as a function of implanted concentration electrons into the conduction band will be discussed.
has been studied. It is found that there are
critical values of the implanted boron and * also IBM Advanced Semiconducting Technology Center
phosphorus concentration below which there are no
significant changes observed in the electrical F6.1
conductivity and the conductivity activation
energy. Once the impurity concentration exceeds sl'r.:I'-(ONTIOl.I:) .:FI'ITAXIAI GHIAI'IlI o. SIC. Ilirovuki

the critical values, the conductivity activation Nlatsutail . Tctsuzo teda artd lilronorf %ishlito,
energy decreases drastically and the room Kyoto UnIversIty, Yoshldahonmachi. Sakyo. Kyoto.

temperature conductivity increases abruptly by Japan.
two to three orders of magnitude. The doping
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Sigle crystals of' 6H-SIC can be grown on step- tpeumea-oanicchemicalvaprdoition TMOCVD)andplasma-
controlled 611-SC(0001) substrates at 1300-1500C LTMOCVD from designed organomeallic compounds. LTMOCVD not only displays

by chemical vapor deposition(CVD) using a Sill4 - theatractivefeauresassociatedwiththehightemperatureMOCVDprocess, butalso
C,118 -H 2  system. This temperature is lower by possesses many unique advantages. These include its ability to produce compound
300-400 C compared with well-known typical growth semiconductor and superconductor materials with variable composiuon, e.g. silicon
temperature of 6H-SiC by CVD. The density of carbide SixC 1.x and gallium arsenide GaxAsl., on thermally fragile or chemically
surface steps was controlled by the introduction sensitive substrates. In addition, the precursors employed are safe, non-toxic, non-
of off-orientation into (0001 )substrates. 6H-SIC hazardous and easy to handle; single source precursors containing all the elemental
is grown laterally from the steps inheriting the constituent desired in the target material can be employed in most cases to fabricate

stacking order of the substrates. On uncontrolled compound electronic materials. For example, preliminary work by the present
researchers showed that epitaxial growth of GaAs can be achieved from organomellic(0001) substrates. 3C-SiC with twin structures precursors of the type (C6F5)(CH 3)2 GaAs (C2H5 )3 , where Ga and As are already

are grown, probably through nucleation on directly bonded by coordinasion srength in the ratio I/l in the precursor. This approacl
terraces. Polytypes of the grown layers are eliminates the inherent limitations of conventional MOCVD where separate precursors
changed by the surface-step density. Surface are used for each of th individual components of the desired compound.
morphology varied with the direction of off-

orientation of the step-controlled substrates, In this paper, we present microstructural and microchemical analyses result for
which indicates the merge of different polytypes high quality silicon carbide films produced by LTMOCVD from the single

during the growth. The growth mechanism will be organometallicprecursortetraethynysilane, Si(C2H)4,, in the temperature range300-

di scussed. 450
0
C. Controlled variations in the deposition parameters (temperature, pressure, flow,

plasma...) yielded a series of films with variable composition (C/Si ratio) and structure
The crystal quality of epitaxial layers was _amorous ocrstalline).
examined using X-ray, RHEED and photoluminescence F6.4
measurements. P-n junctions of 6H-SiC fabricated
by doping impurities during epltaxial growth have GROWTil OF 611-SiC ON CVD-GRON 3C-SiC SUBSTRATES. Woo Sik
extremely good rectification. Pn junction diodes Y__ and Iliroyuki MATSUNA'I. Department of Electrical

show blue-light emission. Details of crystal hngineering, Kyoto University, Yoshidahonmachi, Sakyo,
quality and diode characteristics are also Kyoto 606 Japan.
described.

Polytype control and crystal growth on 3C-SiC substrates

F6.2 have been investigated In a sublimation miethod. Polytypes
of grown crystals were controlled 3C- and 61t-modifications

Epitaxial Growth and Doping of and Device Development for the first time and its reproducibility was confirmed
in Monocrystalline Beta-SiC Semiconductor Thin Films, with many growth runs.
Ro; en F. Davis, Department of Materials Science and Engineering,
North Carolina State University, Raleigh, NC 27695-7907 Single crystalline 3C-SiC(I00) films (-10u m thick) grown

on SIl(100) were used as substrates after removing Si in a
High purity monocrystalline P-SiC films have been chemically vapor fVFtIFN0 3  mixture. Crystal growth was carried out with
deposited on Si (100) and a-SiC (0001) at 1660K-1823K and 0.1 MPa various parameters of temperature (1800-2400*C), pressure
using SiH4 and C 2 H 4 carried in H2 . Films grown on the on-axis Si (50-76OTorr) and time (0.5-6h).
(100) contained substantial concentrations of dislocations, stacking
faults and antiphase boundaries; those deposited on a-SiC (0001) Polytypes of grown crystals on 3C-SiC(100) were examined by
contained primarily double positioning boundaries. These boundaries photoluminescence (PL) measurements, Raman scattering, X-
were eliminated by using off-axis orientations of the respective ray diffraction and RIIEED analyses. Crystallinity and
substrates. Films produced on Si (100) have also been doped during electrical properties were also investigated by using
growth and via ion implantation with B or Al (p-type) or P or N (n-type) various characterization techniques. Polytypes of grown
at liquid nitrogen, room and elevated temperatures. Results from the crystals change from cubic 3C-modification to hexagonal 6H-
former procedure showed the ionized dopant/total dopant concentration modification with temperature increase: polytype can be
ratios for N, P, B and Al to be 0.1, 0.2, 0.002 and O.01, respectivey. The controlled by selecting growth parameters. 6H-SiC(01141
solubility limits of N, P and B at 1660K were determined to be -2E20, planes can be grown on 3C-SiC(100). Starting from the
1E18 and 8E18 cm-

3
, respectively; that of Al exceeds 2E19 cm-

3
. High growth of 3C-SiC on Si substrate, we have succeeded in

temperature ion implantation coupled with dynamic and post annealing polytype-controlled growth of 61-SiC ingots up to 20mm in
resulted in a markedly reduced defect and precipitate concentrations diameter and 10mm in length for 6 hours.
relative to that observed in similar research at the lower temperatures.
Dryetching in CF4 and NF by reactive ion etching (RIE) andin SF6by Characterization results of 6H-SIC crystals grown on 3C-SiC
plasma etching have also been conducted. Device-compatible surface will be described. The growth mechanism of 6H-SIC on 3C-SiC
impurity chemistry and morphology were only obtained using RIE and will be also discussed based on experimental study on

NF 3 combineio with a C cathode. Schottky diode, p-n junctions, thermal stability of 3C-SiC.
MESFET and MOSFET devices have been fabricated. The p-n
junctions have the characteristics of insulators containing injected F6.5
carriers. The current-voltage characteristics of the MESFETs
measured from 298 to 623K indicated reasonable performance -l)ME OBSERVATIONS ON THE ELECTRICAL CHARACTER OF

throughout this range. The maximum transconductance was 1.6 mS/mm: THE HETEROEPITAXIALLY GROWN CUBIC SiC. B. Molnar,
the value of this parameter decreased with temperature. Similar data G. Kelner, Naval Research Laboratory, Washington, DC
were obtained on both enhancement mode and depletion mode 20375-5000
MOSFETs; the latter operated continuously as high as 923K - the
highest temperature ever reported for a semiconductor field effect This paper re-examines the electrical characterization of thin
device. Transconductances as high as 11.90 mS/mm were achieved, layers of cubic SiC, grown at 1380'C on (100) Si substrates. All

undoped SiC films are invariable n-type. The thermal ionizationF6.3 energy, Ed. of the dominant donors, as deduced from Hall

INNOVATIVE LOW-TEMPERATURE MOCVD (LTMOCVD) AND PLASMA-

ENCHANCED LTMOCVD ROUTES TO THE FABRICATION OF DEVICE measurements, is significantly different from that inferred from

QUALITY ELECTRONIC MATERIALS Alain E Kaloyeros, Paul J. Toscano, photoluminescence measurements. The residual donors have

,<chard Single, and Victor Tuichinsky, Physics and Chemistr Departments. State been assigned to either nitrogen or structural defects. The

University of New York at Albany, Albany, NY. and Marianne Holma, Physics temperature dependent electron concentrations as derived from
Departmen, University of Illinois at Urbana-Champaign, Urbana. IL. the Hall measurements clearly indicate a minimum, which suggest

We have developed new methodology to produce device-quality doped and a transition to impurity band conduction. In this case the

undoped semicooductor materials at temperatures as low as 100-I5W0C, well below temperature dependence of the directly measurable resistivity

those of conventional "high temperature" CVD and MOCVD techniques, by low- could be used to derive an activtion energy el, This energy el

and the thermal ionization energy Ed should be in agreement only
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in samples where the donor concentration is sufficiently low. In Cne deelem lohed. qimately el~~o 049 V or he2of 00 subtratesandour most homogeneous samples activation energy was in the at0.elvl'for te V ofa(10) ybules.0Pevio ncre2 tfflil Asttsraledrange of 0.032-0.025 eV. The decrease in~ activation energy has dthidnaead densiyof defectin the-sic heeropiaw filsonbothDOmss
been associated with an increase in nitrogen concentration using and off-axis (100) silicon ame simnn excep t thed films on nominal (100) substrates
both ESR and SIMS measurements. The nitrogen concentrations have a hiat density of antiphase dotn boundwies. Therefoe,. the Presence Of the
in these epitaxially grown SiC layers are in the so called shalower deei-level states observed in the O-SiC film grown on nominal (100)
intermediate range, where the activation energy is strongly substrtes is speculated to be due to the electrical activity Of a1ntiphastl domain
dependent on the concentration. In such samples the el bouaires.
activation energy represents the transition from the top of a quasi- F.continuum impurity band to the Conduction band and not form the F6.
ground state to the conduction band which is inferred from PL A NEW DEEP ACCEPTOR IN EPITACIAL CUBIC SIC*
measurement as 0.053 eV. The concentration of the nitrogen in J.A. Freitas, Jr., Sachs/Freeman Associates,
the samples is believed to be the most likely reason for the Inc., Landover, M4D 20785, and S.G. Bisholp,
conflicting values reported for the dominant donor ionization Naval Research Laboratory, Washington, DC 20375-
energy by Hall and the PL measurements. 5000

We have investigated the temperature and excita-
F6.6 tion intensity dependence of photoluminescence

NATIVE DEFECTS. DIFFUSION. SELF- COMPENSATION. (PL) spectra in several undloped and lightly Al-
AND ORO DOPNG N CUIC ILICN CRBID. c doped thin films of cubic SiC grown by chemicalAND ORO DOINGIN UBICSILCONCARIDE C. vapor deposition on Si substrates. The low

XWanil. J. Bernholc. and R. F. Davis. NC Slte University. power PL spectra in all samples studied exhibit
Raleigh, NC 27695-8202. a deep donor-acceptor pair PL band which in-

volves a previously undetected deep acceptor (BA
We report the results of a comprehensive thteoretical in- - 470 meV). This deep acceptor is found in
vestigation of the effects of stoichioictrv and boron dop- every film we have studied, doped and undoped,
ing on the properties of cubic SIC. Sitie SiC is a1 IWO-etitti- independent of growth reactor. its pervasive
ponent material. thc nature of the dominatnt native diefects character indicates that it is probably associa-
strongly depends on the stoichiometty of tlic material. In ted with a nonstoichiometric defect rather than
addition. the formation energy of charged defects also de- a background impurity and suggests the pos-

of te Femi lvelsibility that it is at least partially
pends on the poSition othFemlvl.responsible for the high compensation observed
Supercell calculations using first-principles pseuilopotcn- in undloped n-type films of cubic SiC.
tials show that the lowest energy defect in Si-rich n1-type * Partially supported by the office of Naval Re-
and intrinsic SiC is the electrically inactive Si aittisite. search
while the doubly- positively charged carbon vacancy is the
lowest energy defect in p-type SiC. The electrons released F6.9
by the vacancies compensate acceptor dopants and lead to ELECTRONIC STRUCTURE OF HIGH BANDGAP SEMICON-
strong self-compensation effects when doping occurs DUCTOR INTERFACES: SiC/AIN, SiC/BP, C/BN.
during growth of the cry'stal. In C-rich SIC, thle dominant W. g. L. Lambrecht and B. Segall, Department of Physics, Case
defect for all Fermi level positions is thle electrically iuac- Western Reserve University, Cleveland, OH 44106.

Liv Cantsic.Electronic structure and total energy calculations ar preeted for
Si atoms in pure SiC are found to diffuse via a mechanisml SiC/AIN, SiC/BP and C/BN heterojunctions. Cubic crystal struc-
involving a C vacancy and a Si antisite. while C atomis dif- tures are assumed. The (110) interface is chosen because it is the sim-
fuse with help of a C vacancy. These results arc in good plest interface characterized by rn-Nr and NV-V bond compensation
agreement with experimental data. We have also calculated which is expected to be energetically favorable but requires chemical
the activation barriers for several diffusion mlecha1nisins in restructuring for other low-index interfaces. The interfaces are mod-
boron doped material, and will discuss thle or-iginl Of thle elled with superlattices of 1 to 9 layers of each material. The linear
experimentally observed enhancement of diffusion ill muffin-tin orbital band-structure method is used in the local density
boron doped SIC. functional framework. The energy of formation of the superlattices

is studied as a function of thickness and the energy of formation per
* 7 interface in the limit of isolated interfaces is combined with estimatesF6.7 of the surface cleavage energies to discuss the adhesion. The interface

DEEP-LEVEL DOMINATED ELECTRICAL CHARACTERISTICS OF Au nrispritraeui elaefudt e04,05 n .4e
CONTACTS ON P-SiC. K_ r--IH. S. KORg. J. B. Peri. J. . Bangrr and R. F. eege e nefc ntcl refudt e04,05 n .4e
Davis. Department Of Materials Science and Engineering. North Carolina Stt for SiC/AIN, SiC/EP and C/BN, assuming the most favoirable inter-
University. Raleigh. NC 27695-7907. and L G. Maw., N111101111111 Aeronautics and Space face configuration. The latter is found to be Si-N, Al-C for SiC/AIN
Adaistmion. Lewis Resmb Censer. Cleveland, Ohio44135 and Si-B, C-P for SiC/BP and is discussed in terms of electrotatic

and band-structure effects. The alternative bonding configurations
Device quarrty beteoepitaziial flims of "-SC an Si subsurm wte being routinely gro are found to be several eV higher in energy. The band-offisets arein a number of laboratories. These ftims hav various defects that could affect the cluae sn h eetydvlpdsl-ossetdpl hoycharacteristics of fabrcaMe devices. In order 0ue =12 ei effect of thene defets on the cluae sn h eetydvlpdsl-ossetdpl hoy
electronic quality of the films, a study of the cusreuat-voltage characteristics of Au The bandgaps used are calculated including approximate self-ergy
contacts formned on films grmi hetercepisatliy an both nomtinally (100) oriented corrections. The band-alingmenta are found to be of type II (same
and off-azIs (100)) silicon subsumses Wr been casduciied. These contlat diodes are sign for valence and conduction band offset) for C/EN and SiC/BP
rectifying end particularly in off-as sitea.s substraes very low revere leakageyeI lrebnga nlsn saloe orSCAN mctsresmebsd The ow 7diodae dity faciarhbme 1.3 id 2.0inAal.5 ado yp lrg adgpecosn mlloe frSC AN m
in nominal (100) sIlicon sobsues wher kill I -r dtwo. Logitibmic poniof plications for device applications will be discussed. Layer projected
the i-V citaistes th do urwarsd dkwtt -in kdice e e cherge hlmted current densities of states and auperlattice band structures will be presented.
cowndunm ftoug the actve volem of the diodes. Thes pOVA alo Indicate ft 6e 1preeo of alowed SONt in the bid-. bs P.SiC films pmW on nomls=fy (100).-(n I FORorinted ustatss show t prem'cI of two deep levels located 8111iirOsltly SILICON CARBIDE/I In 20 Ix Sn2R1.xDEISFO
betwee026 eV adO3eVbllow e , n , r-iled dg.In sme flmn nominal THE DETECTION OF ULTRAVIOLET RIATION. James
(w00)hubaepmsstIallyiebMICNete10111dmangw 1th byzlsme adtina VIP V. Masi, Western New England College,

whib e xpisntdl dluKU i 410111 wthA isirenOcayel a te Sp-ringfield, MA. 01119
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Heterojunctions of both n- and p-type In the case of thin Mo(7xlS' 5 atoms/cm2 ), the composition of
silicon carbide with oxide mixtures of indium SIC surfaces makes influences on the behavior of carbon and
and tin have been formed on single crystal silicon diffusion. Carbon diffusion toward a Mo overlayer
substrates of both alpha and beta phase is observed after the Mo deposition onto carbon-rich surfa-
silicon carbide, both seed and plasma ces while no silicon diffusion occurs. For a silicon-rich
deposited. Both n+/n and n+/p structures were surface, lML Intermixing between the Mo overlayer and the
formed by vapor phase deposition and attendant silicon topmost layer of the substrate takes place, acting
annealing of the structures for varying times as diffusion barrier in annealing stages.
at 4000C in air. Metallurgical preparation
and affixing of ohmic contacts of both In conclusion, carbon diffuses such faster than silicon In
silicides and Au/Ta was accomplished by the No overlayer, thereby accumulating near the surface
physical vapor deposition. Electrical device region.
characteristics were measured along with their
respective spectral response characteristics F6.13
both normal to and edge-on with the junction DOPED AMORPHOUS SIC, MIXED CARBIDE AND
plane. Device characteristics are somewhat OXYCARBIDE THIN FILMS BY A LIQUID ROUTE. C-J
typical of expected heterojunctions between Chu, E. Liimatta and J.D. Mackenzie, Department
these materials, with the exception of the of Material Science and Engineering, University
spectral response, which has a distinct of California, Los Angeles, CA90024
bimodal response in both the visible and
ultraviolet regions of the spectrum. Results
of the electrical and optical properties as Advanced ceramics like carbides and nitrides can
well as a discussion of proposed modeling be obtained by the pyrolysis of metal-organic
variations are given. Prospects for other polymers. An intermediate amorphous phase is
types of devices based on this system are also obtained after the removal of the organic
discussed. components and before crystallization. By this

polymer process, amorphous SiC thin films have
F6.11 been deposited on different substrates using

metal-organic solutions. Amorphous mixed
OHMIC CONTACTS ON P-SiC. M. lgbal Chaudhry, Department of carbides and oxycarbides films have also been
Electricai and Computer Engineering, Clarkson University, Potsdan, prepared by the addition of a variety of
NY 13676;W. B. Berry, andM. V. Zeler, School of Engineering, alkoxides, such as Ti, Al and Zr to the SiC
University of Notre Dame, Notre Dame, IN 46556. polymer precursor.

Dopants such as B and P have been introduced
We report on ohmic contacts on P-SiC. The contacts were formed into the structure of the SiC polymer precursor
usingNi, NiCr, W, Ti,WSi 2 andTiSi2. Contact resistance measure- by a solution method. N-type and P-type thin
ment and Auger Electron Spectroscopy (AES) were used to study the films have been prepared. the electrical and
annealing effect on the contact materials. optical properties of these films have beenstudied and compared with the amorphous SiC film

by vapor route. P-N junction diodes that contain
Auger analysis-of Ni-SiC system indicates that during the heat these new materials have been fabricated and the
treatment, Ni reacts with Si to form silicide. Similar results are found current-voltage (I-V) characteristics have been
for NiCr-SiC system. studied.

Minimumn contact resistance of tungsten and titanium on SiC is F6.14
6.ix10 "3 ohm/cm 2 and 7.6x0"3 ohm/cm 2 , respectively. High
temperature annealing deteriorates both contacts although for titanium LIQUID PHASE HONOEPITAXIAL GROWTH OF 4H-SIC CRYSTALS AND
contacts the resistance increases less dramatically as compared to the FABRICATION TECHNIQUES OF BLUISH-PURPLE LIGHT I24ITTINGtungtncontact heresistnce icreaes lfe a tia m ed oe DIODES. Y.Ueda, T.Nakata, K.Koga. Y.Matsushita, Y.Fujikava.
tungsten contact. The silicides of tungsten and titanium yield lower T.Uetani, T.Yamaguchi, and T.Niina, Semiconductor Research
resistance than metallic W and Ti contacts. The contact resistance for Center, Sanyo Electric Co., Ltd. 1-18-13 Hashiridani,
WSi 2 and TiSi2 after heat treatment decreases to 3.0x10 "4 ohm/cm2  Hirakata, Osaka 573 Japan
and l.lxl0 "4 ohm/acm 2 respectively.

4H-SiC single crystals have been successfully fabricated on
F6.12 the seeds of 6H-type crystals by the vacuum sublimation
IIiGIl AND MEDIUM ENERGY ION SCATTERING STUDY OF MO/3C-SIC method at a temperature of 2400C and under a pressure of
CONTACT. S.hlara and l.Ohdomarl, Waseda Univ.. Ohkubo, 7-60mbar in an argon atmosphere. Liquid phase epitaxy was
ShlnJuku-ku, Tokyo 169, Japan: W.SliJkerman and J.F.van der attempted by using a dipping method with the 4H-SiC
v.en. FO Institute. 1098 SJ Amsterdam. The Netherlands; crystals. Aa we reported previously at ICACSC'88, the
S.Mlsawa, E.Sakuma, and S.Yoshlda, Electrotechnical off-angle substrate is crucial and/or key technology for
Laboratory. Umezono. Tuh:uba-shi. Ibaraki 305, Japan. the accomplishment of this attempt. The conditions of the

crystals growth on the 4H-SiC substrate at 5* off-angle
Refractory-metal/3C-SIC contacts are good candidates for were the same as those of the 6H-type crystals growth. The
electrodes of high temperature devices. We present here a temperature for Lelting Si was 1700C in both cases.
result of study on Mo/SIC interfaces for thick and thin Mo Undoped grown crystals showed n-type conduction. We
layer cases by high and medium energy ion scattering observed the surface morphology and the etch pits of the
spectroscopies, Auger electron spectroscopy, X-ray crystals. The structure of the grown crystals were found to
diffraction, and low energy electron diffraction. We show be the 4H-type through the measurements of Hall mobility,
that the behavior of carbon is quite different from that of photoluainescence and Reman scattering.
silicon in terms of diffusion. P-n junctions were epitaxially obtained on 4H-SIC
In the case of thick Mo layer(29nm), & carbide/sillcide/ substrates. Aluminum and nitrogen were doped as acceptors
SIC multilayer Is formed by heat treatment at 12041C for 1 and donors, respectively. But aluminum was also added to
hour after the Mo deposition. Carbon accumulates gradually n-type layers to make D-A pairs. I-V and C-V
Into the surface region of a Mo overlayer by annealing at characteristics were measured after the LED chips were
900'C, finally forming a carbide/sllicide/SiC layer similar molded to lamps by clear resin. The diffusion potential was
to the structure of the annealing at 120@"C. found to be 2.7eV, which was larger than that of a 6H-SIC
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blue LED by 0.2eV. The LED fabricated in this study emitted Research Triangle Institute, Research Triangle Park, N(' 27700
bluish-purple light with a brightness of Imcd at the
forward current of 20mA. Other characteristics were as Epitaxial CaN films have been grown by plwsma-enhane'd ceiii-
follows : 420na peak wavelengths, 90Z color purity ,and
light output was 1.7pW. cal vapor deposition (PECVD) at the Research Triangle Inlitut.

The growth procedure utilizes an inert gas discharge (lie) coim-
F7.1 bined with the down stream introduction of a trimethylgallium

GALLIUM NITRIDE, A WIDE BAND-GAP SEMICONDUCTOR. (TMa) and nitrogen mixture. (;rowth temperatureb wer varied

IueL .ankove, University of Colorado, Boulder, CO 80309- in the 500-650'C range. Both cubic [1111 and wu. "i. i(Xki)lI

0425 GaN epitaxial filns have been achieved on basal plant saiphirc.

and SERL Golden, CO 80401 substrates. Difrerences in the substrate growth teiperal ure and
variations of the flow rates or the reactant gases can accoujit lor

This talk will present a historical perspective on the the different observed phases. Phase identification, erystallo-
technology, understanding and device applications of GaN. GaN graphic orientation relationships and microstructure characteriza-
has a direct energy gap of 3.4 eV. The direct gap allows efficient tion have been accomplished with transmission electron micros-
optical transitions both in absorption and luminescence. Laser copy. Microtwins, stacking faults, and double-position boundaries
emiission in the UV has been obtained as well as electrolumi- are observed in cubic CfaN, whereas threading dislocations are the
nescence over the visible spectrun. In particular, efficient blue- predominant defects found in wurtzitic GaN epitaxial films. The
emitting LEDs have been made. This material is suitable for a optical properties of the grown films were investigated using
variety of other applications such as electron-ballistic devices, Raman spectroscopy. The first reported Ramnan results from cubic
electro-optic modulators and acousto-electric devices. Negative GaN will be presented along with spectra from wurtzitic (;aN.
electron affinity has been demonstrated with a cesiated surface. The observation of the respective Rarnan-active phonon inodes Ca1

also be used for pha se identification. Further charactcrizttiou ol"
GaN has been grown on sapphire by various deposition the grown films wIL acromnplislel with x-ray diffractioi. Callin g

methods, yielding large-area single crystals with the wurt te electron microscopy, I lal ia,-L ulrenl en ts, id 1 I surface am Iltiea1
structure. More recently, the cubic form of GaN has been grown tecl|iqiues.

on a nearly lattice-matching single crystal of ft-SiC.
F8.1

F7.2 LOW TEMPERATURE SELECTIVE GROWTH OF P -SiC USING
GROWTH OF CUBIC GaN BY REACTIVE-ION MOLECULAR SiH 2 CI 2 /C 3 H8/HCI/H 2 GAS SYSTEM. Y.Ohshita, Fun-
BEAM EPITAXY. R.C. Powell, G.A. Tomasch, Y.W. Kim, damental Res. Lab., NEC Corp., Miyazaki 4-1-1,
J.A. Thornton* and J.E. Greene Coordinated Science Miyamae-ku, Kawasaki 213, Japan

Laboratory, University of Illinois, Urbana, IL. P -SiC is grown on a Si(100) substrate by chemi-
*Deceased. -cal vapor deposition method under reduced pres-

sure using SiH 2 CI 2 /C3 H8/H 2 /HCI gas system. A

Zinc-blende structure epitaxial GaN films have been cold type vertical CVD reactor by radiant heat-
ing method is used for the present work. The ad-

grown by reactive-ion molecular-beam epitaxy in which dition of HCI to SiH 2 CI 2 /C 3 H8/H 2 gas system
Ga is supplied by evaporation from an effusion cell makes it possible to obtain a stuichiometric P -

while the nitrogen is provided by an ultra-high vacuum SiC film at low growth temperature of 9OOC . The
hot-cathode ion source. Mass and energy analysis of ratio of silicon to carbon is examined by Auger

electron spectroscopy. The deposited film
the ion beam shows it to be approximately 85% N2 + and without HCI gas contains much excess silicon. On

the other hand, the silicon to carbon ratio is
15% N + with an energy spread of - 5eV. Films grown on remarkably improved as increasing the HCI flow
MgO(00)lxl substrates at temperatures T s between rate. Excess silicon, nucleated without car-
650 and 800°C. nitrogen ion acceleration voltages of bonization at low growth temperature, seems to

be etched away from the film surface by HCI gas.

35V, and growth rates between 0.2 and 0.6 pim h- 1 The film is found to be highly (100)-oriented
were single crystals. The films exhibited the polycrystalline P -SiC on a Si(100) substrate by

zinc-blende structure with a lattice constant of electron diffraction pattern.

0.446 nm. Cross-sectional transmission electron Moreover, P -SiC selective growth on a Si (100)
microscopy examination of - 0.7-jm-thick epitaxial surface, with no nucleation on a SiO 2 surface,
layers show smooth abrupt interfaces with the primary is achieved. Without HCI gas, SiC is deposited

on a silicon surface and the whole SiO 2 area.
defects being (1ll) microtwins. Room-temperature According to the increase of the HCI gas flow

resistivities could be varied between 2.7x10 2 and rate. the density of SiC nucleation on a SiO 2surface is much decreased. Perfect selective P -

l.lxl0 4 fl-cm by increasing the incident N/Ga ratio SIC film with a mirror surface is obtained in

from 1.0 to 2.8 at T s = 7000 C. Photoconductivity decay more than 1.5%t HCi concentration.

experiments show the presence of deep traps. F8.2
F7.3 ANNEALING AND CRYSTALLIZATION PROCESSES IN AN

HYDROGENATED AMORPHOUS SILICON-CARBON ALLOY

IIETEROEPITAXIAL GROWTH AND CHARACTERIZATION FILM*

OF (;aN ON SAPPHIRE SUBSTRATES. D.K. Bass, Department of Physics. Utkal University.
Bhubaneswar 751004. India and F.W. Smith, Department

T.P. Hlumphreys, C.A. Sukow, and R.J. Nenianich, Department of of Physics, The City College of CUNY. New York.
'hysics, North Carolina State University, Raleigh, NC 2760.5-8202, NY 10031, U.S.A.

J.B. Pothill, R.A. Rudder, S.V. Hattangady, and R.J. Nlarkunas.
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An hydrogenated amorphous silicon-carbon alloy film pinned segments of pre-existing dislocations. Evidence for such a
(a-Si1 C :H. with x = 0.29) was prepared by glow process is presented in terms of a dependance of the helix radius and pitch
disch a-e decomposition of a silane and ethylene upon the deposition temperature. Mechanisms for the introduction and
gas mixture. A careful and detailed investigation
of the infrared absorl2 ion was undertaken in the pinning of dislocations and the subsequent formation of helices will be
range 400 to 4000 cm for both the as-deposited discussed.
(T =2500C) and annealed (up to 1200 C) film. In
addition to the changes in the local bonding brought F8,5
about by annealing, the study demonstrates clearly
that therg is a change from amorphous to microcrystalline COMPOSITION AND STRUCTURE OF HIGHLY ORIENTED -
at Ta=800 C and then to crystalline phase at T =1200C."a SiC FILMS GROWN ON Si SUBSTRATES BY REACTIVE
*This research was carried out at the City College MAGNETRON SPUTTERING. Q.U.Wahab, Y.Yamamoto,
of New York and was supported by the U.S. Department T.l.Selinder, M.Willander and J.-E.Sundgren, Dept. of Physics,
of Energy under Grant No. DE-FG02-84ER45168. Linkoping University, S-581 83 Linkoping, Sweden.

SiC films grown on Si substrates by reactive magnetron sputtering
have been investigated. The studied films were grown in mixed Ar/CH4

P8.3 discharges on both (100) and (111) oriented Si substrates kept atA C~ARISW OF o M M IZ 11~1 OF SiC e Wti (001) Si, temperatures T5 ranging from 700 to 1230 oC. The estuts show that the
(111) Si, i 68-SiC SUBSTATIES BY CVD. J. Yang, P. Pirouz, carbon cotent in the films, asdetermnedbyAugerelectonspecuoscopy.
Department of Materials Science and ngineerrng, ase increased rapidly as the CH pressure, P 4 , was increased and that films
Western Reserve University, Cleveland, OH 44106; and J. A. with a close t stoichioretric compositon could be gwn In a narow
Powell, NAS Lewis Research Center, Cleveland, OR 44135. range of P04 4 . As T, was increse the required O{[ pressur necessary

to obtain stoichiomtric SiC films was found to decrease. Also the plasma
conditions affected this pressure and a more intense plasma resulted in3C-SiC has been grym on (001) Si, (111) St and (0001) lower PCH4-values. This demonstrates that the CH4 decomposition

6h-SiC substrate d by CVD. a microstructure of the films necessary for carbon incorporation into the growing film both occurs
has been investigated by Nmarsk differential interference through pyrolysis and through decomposition in the plasma. X-raycontrast microscopy, SEN and TEN. on the (001) Si xub- dirato d rnmsinelcrsirsopstissow a

strata, the 3C-SiC film is single crystalline with a diffraction and transmisssion electron microscopy studies showed that
parallel epitaxial relationship with respect to the sub- single phase P-SiC films could be grown on both type of substrates. Only
strata. The film grown on (111) Si substrate is pre- resuledinhighlyoriensd -SiCfilms. These

minantly in parallel epitaxy, however, small misoriented the (100) oriented substrates
grains are also present. In the case of growth on the films exhibited, however, small randomly located regions of non-oriented
6K-SiC substrate, the close-packed planes and directions of 0-SiC. These latter regions were found to be associated with thermal etch
the film are parallel to those of the substrate. A wide pits in the substrates originating from the substrate cleaning procedure.
variety of line defects and planar faults occur in the
3C-SiC epilayers. Stacking faults are common to all the Also T, was critical for growth of O-SiC films and values higher than
epilayers. Inversion domlin boundaries (rWfs) and rDo approximately 1100 oC was necessary to obtain single phase highly
dislocations occur in film grown on on-axis (001) Si but, oriented films. For lower Ts multi-phase films with several different SiC
as expected, are absent in those grown on (111) Si, 6H-SiC, polymorphs were observed and for Ts < 800 OC the films were amorphous.
and off-axis. (001) Si. Double positioning boundaries occur The film surface morphologies as viewed by scanning electron microscopy
in film grown on (111) Si and 6-SiC substrates. These showed smooth films in the amorphous region, rough surface
faults have been investigated by TER, and misfit disloca- morphologies in the multi-phase region and relatively smooth surfaces for
tions at the epilayer/ substrate interface are characterized
by MUM. In addition, 6H-SiC has been grown epitaxially on the single phase P-SiC films. * Permanent address; Nippon Sheet Glass
off-axis 6H-SiC substrates. The defect density is extremi.ly Co., Ltd., 5-4 Tokodai, Tsukuba-city, Ibaraki-pref. 300-26, Japan.
low in the latter film. The mode of growth (two- or
three-dimensional) of these film is discussed and the F8.6
formation of various defects are related to the growth mode. GROWTH OF EPITAXICAL SiC LAYERS ONTO ON- AND OFF-

F8.4 AXIS 6H-SiC SUBSTRATES BY ION BEAM DEPOSITION. K.L.
More, S.P. Withrow, T.E. Haynes, and R.A. Zuhr, Oak Ridge

THE FORMATION OF HELICAL DISLOCATIONS IN SILICON National Laboratory, P.O. Box 2008, Oak Ridge, TN 37831-6064
SUBSTRATES DURING THE EPITAXIAL DEPOSITION OF BETA
SILICON CARBIDE M. Aindow. T.T. Cheng and P. Pirouz, Thin films of P-SiC have been grown epitaxically onto on-axis 6H-
Depanment of Materials Science and Engineering, CaseWesternReserve SiC substrates using ion beam deposition (IBD). The IBD
University, Cleveland, OH 44106, USA. technique involves the direct deposition of alternating layers of

13C+ and 3 0Si+. The carbon and silicon ions were obtained from
Conventionally, elecuon microscopy studies on pitaxial deposits an ion implanter by decelerating mass-analyzed ion beams to

of semiconducting materials concentrate on defects within the deposit as 40 eV. The SiC substrate was held at -700oC. Thin films of ci-SiC
these featurescanaltertheelecricalcharaceristicsofdevices fabricated in (predominantly 4H) were obtained following deposition onto off-

such materials. However, in some systems examination of axis (-2') 6H-SiC under the same processing conditions. High

microstructural changes iu the substrate can provide useful information resolution electron microscopy and Rutherford backscattering

about deposition mechanisms. One such example is the formation of pits techniques were used to determine the structure and crystalline

during the initial stages of deposition of beta SiC on Si. perfection of the resulting layers.

An electron microscopy study will be presented of the dislocation Research sponsored by the Division of Materials Sciences, U.S.
content of silicon substrates used for the deposition of beta SiC. It is Department of Energy and the Assistant Secretary for
shown that dislocations lying parallel to the interface in the silicon wind Conservation and Renewable Energy, Office of Transportation
up into helical configuration during the initial stages of growth in which Systems, as part of the High Temperature Materials Laboratory
onlyacarbonsourcegasisused. These observations are rationalised in Program under Contract DE-ACOS-84OR21400 with Martin
terms of the climb of screw components by a flux of silicon vacancies to Marietta Energy Systems, Inc.
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F8.7 tion to a fully textured (0002) film with increasing sub-

SEM OBSERVATION OF GROWTH AND DEFECT FORMATION ON strate temperature. In contrast, films deposited on the
HETEROEPITAXIALLYGROWNSCON()=O)SILICON.B. M nond (0001) face of sapphire are mixtures of textured and hetero-
L.M. Shirey. Naval Reseoach Laboratory. Washington. D.C. 20375 epitaxial domains. The volume and quality of epitaxial

grains are maximized in the substrate temperature range
300-400 OC and the rotation of the reciprocal lattice of InN

The starting surfaces of the heteroepitaxlally grown cubic SIC films on by 300 to that of the sapphire substrate was determined by
(1O0)SIbyatwostepCVD. usingaC3H5.SH4/H2reactJongassystemat X-ray precession photography. Finally, STM has proven to be
about 1370C were studied. A highly conductive layer on the SIC at the a particularly powerful method for determining the substrate
SI/SIC interface was observed using differential Hall measurements. To and temperature dependence of the grain size, surface rough-
determine the origin of this conduction, scanning electron microscopy ness on the angstrom scale, and inter-grain architecture of
(SEM) was used to show the morpholog of both the (100l) S and the SIC the textured and hetero-epitaxial domains of these rf-
surfaces at the Si/SIC Interface. A novel method was developed to make sputtered films.
the SIC surfaces at the SI/SIC interface observable by direct SEM
examination. The SIC surfaces appeared smooth under the optical Supported in part by the U. S. Dept. of Navy under contract
microscope, but SEM revealed growth features. The typical SIC's grown N00039-89-C-5301.
at different laboratories vazy somewhat in appearance. Indicating some
diferences in the "carbonzution process'. The observed growth features FS.10
are related to the characteristic rectangular shallow pits present on the
(100) SI substrate surfaces. The SEM image of the SIC surface is the TRANSMISSION ELECTRON MICROSCOPY OF InN THIN FILMS. J. S.
reverseofthatoftheSL ADloraportionofeachgrowthfeatureprotrudes Morgan, T. J. Kistennacher, W. A. Bryden, and T. 0. Poehler,
from the smooth grown SIC surface, indicating that these growth Applied Physics Laboratory, The Johns Hopkins University,
features extend into the underlying pits in the Si substrate. Most of the Laurel, MD 20707-6099.
pits on the (100 S1 surface are pyramidal in shape, bounded by I111
planes. with a linear dimension between 1000-6000 A. The growth This paper describes growth morphology and structure of rf-
features either fill or border similar rectangles with crystallographic
patches of material but after certain growth only smaller, unresolvable magnetron sputtered thin films of InN, studied by plan-view
patches with different densities could be observed. On avlcinal (100) Si transmission electron microscopy. Films deposited on TEM
surface that safewdegreestoward(l0l.thepltsaresmilarlyshaped. grids, (0001) sapphire, (111) silicon and amorphous quartz
The equal presence of two antiphase domains on (100) SI became were prepared for TEM by mechanical abrasion of the substr-
dominated by single domains on such an off axis grown SIC. These ate followed by sputter etching.
features have consequences for the Initial nucleation of SIC and the
development of associated growth defects. At low deposition temperatures (< 400 °C), films consisted

of small basal-oriented, columnar grains. Above 400 °C to
F8.8 500 OC, depending on substrate type, growth consisted of
THE EFFECTS OF POWER DENSITY ON THE PROPERTIES larger, faceted, basal-oriented, globular grains. Selected
OF DIAMONDLIKE FILMS*, Shuguang Chen, Shuhan Lin area diffraction on individual grains yielded diffraction
and Yangming Guo, Department of Physics, patterns from several reciprocal lattice zones. Dark field
Zhongshan University, Guangzhou, China; Kaiming micrographs revealed high dislocation densities within
Zhang, Chemical engineering Department, grains. TEN observations of growth morphology and defect
Guangdong Engineering College, Guangzhou, China, structure were correlated with compositional analysis (i.e.,

oxygen Impurity concentration, and transport properties.
The diamond-like carbon films were prepared by
radio frequency plasma CVD. The feedstock was Supported in part by the U. S. Dept. of the Navy under con-
mixture of butane and hydrogen, and the tract N00039-89-C-5301.
substrates were kept at room temperature during
the deposition. F8.11

VIBRAIIONAL SPECTROSCOPY OF BORON NITRIDE AT HIGH
The dependence of deposition rate, conductivity, TEMPERATURES AND PRESSURES. Gregory J. Exarhos, Pacific
and activity energy on power density has been Northwest Laboratory, P. 0. Box 999, MS K2-44, Richland, WA
studied. The results showed that the deposition 99352; and Nancy J. Hess, Mineral Physics Group, Department
rate increased, the conductivity decreased first of Geology, University of Washington, Seattle, WA 98195.
and then increased, and the activity energy
decreased rapidly with the increase of power A relatively high refractive index and enhanced thermal
density in our study range. stability make boron nitride an attractive coating material

for optical film applications. Raman scattering
The dependence of optical properties on the measurements have been used to distinguish between
power density has been studied using a crystalline and amorphous phases in boron nitride coatings
spectroscopic ellipsometer. We found the and bulk materials. The response of boron nitride to
refractive index decreased slightly, but the applied stress (temperature, pressure) is evaluated from
absosption coefficient increased rapidly with measured changes in the vibrational spectrum.
photo energy. The results have been discussed.
• Raman scattering from the hexagonal phase of boron nitride
This work was partly supported by NSFC and by coatings on graphite substrates has been measured to 2500 K
Guangdong NSF. using a pulsed-excitAtion gated-detection technique. The E,

mode frequency decreases monotonically by nearly 100 cm-',
F8.9 while the linewidth increases by a factor of three. The

SUBSTRATE AND TEMPERATURE DEPENDENT MORPHOLOGY OF phase stability of boron nitride at high temperatures is

rf-SPUTTERED INDIUM NITRIDE FILMS. T. J. Kistenmacher, confirmed by these measurements, which are in agreement with

0. Dayan, R. Fainchtein, W. A. Bryden, and T. 0. Poehler, a simple phonon decay model for the excitation.
Applied Physics Laboratory, The Johns Hopkins University,Laurel, MD 20707-6099 Raman spectra of boron nitride as a function of applied

pressure to 100 kbar were acquired from samples mounted in a

The morphology of rf-sputtered films of the wide bandgap diamond anvil cell. Stability of the hexagonal phase under

semiconductor InN on a variety of substrates over a range of hydrostatic conditions was confirmed. Current work involves

substrate temperatures (50-600 °C) have been studied by X- Raman measurements of samples subjected to uniaxial stress

ray scattering and scanning tunneling microscope (STM). For where transformation to an amorphous phase has been
films deposited on fused quartz and the (111) face of predicted. The pressure-induced frequency shift of the
silicon, there Is a transition from an off-norma Incina- observed E mode can be used to determine strain and strainheterogeneity in deposited films.
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F8.12 rectifier and as an UV LED, which proved that theMOCVD OF WIDE BANDGAP Ill-V SEMICONDUCTORS BY c-BN can be a good potential candidate as anUSING NOVEL PRECURSORS. K&21Ji..lc, Klavs F. Jensen, electronic and optoelectronic material.
Department of Chemical Engineering. Massachusetts Institute ofTechnology, Cambridge, MA 02139, Wayne L. Gladfelter, David Purity and perfection of the c-BN crystals wereBoyd, and John Evans Department of Chemistry, University of not optimum and productivity of the high-qualityMinnesota, Minneapolis, MN 55455. c-BN crystals at a high pressure was limited due

to the present experimental difficulties. Some of
the works that are being made on the refinement ofWide bandgap Il-V compound semiconductors, specifically the ternary the diode production will be reported.compound AIxGal-,N are potential materials for optoelectronic devicesoperating in the blue to ultraviolet range. Conventional growth Surface morphology and crystallographic polaritytechniquesrequirehightemperatureswhicharesuspectedofintoducing of the C-BN crystals will be also discussed.nitrogen vacancies in the materials. As an alternative, we present

organometallic chemical vapor deposition (MOCVD) growth of AIN F9.2and GaN based on novel precursors designed to decompose at relatively A NEW OPIOELB'TRcNICS SEMICONDtUTOR CUBIC BN: PROPRTIES OFlow temperatures. Furthermore, instead of introducing separate sources N.I.R.I.M. MADE CRYSTALS AND PONTIALITIES. Koh Era andfor nitrogen (e.g. NH3 ) and the group III metal (e.g. AI(CH3 )3 ), these Osam Mishima, National Institute for Research in Inorganicnew source compounds already contain the metal-nitrogen bond. A Materials, NaMiki 1-1, Tsukuba, Ibaraki 305, Japan.large number of suitable sources have been evaluated and of these wefocus on diethylaluminumazide (Et2 AIN 3) which gives pure AIN films. Cptoelectronc properties have been studied on undcped,
Be-doPed(p), Si-doped(n), and their junction crystals madeThe growth rate mechanism for formation of AIN has been investigated. by a method of ultra-high pressure synthesis. Main emissionThe ethyl groups leave predominantly by A-elimination and the azide bands of our forward-biased pn junctions peak at 315 or 255group evolves nitrogen leaving hydrogenated AIN behind. Reasonable rm(calibrated), depending on crystals. The 315 inm bandgrowth rates ( > 0. 1gm hour) are observed at temperatures starting at appears often. Tails of the emission bands extend tordsgro th at s ( > .l~ m our a e o ser ed at em era ur s s aring at infrared. A sita l peak is Observed at around 475 ma in 315450C. The growth process appears to be limited by chemical kinetics i crystals. Eissio poser efficiency is estimated to bewith an apparent activation energy of 30 kcaLniole except at high n rlss. tin er ei cae ra etation,temperatures ( > 6000 C) where mass transfer influences the growth PPm Or less Under reverse-bias or cathode ray excitation,a weak emission appears in longer wavelength region.process. At the low temperatures the films are amophorphous and Attempts have not been succeeded in obtainingcontain hydrogen as determined by FTIR. The hydrogen content photoluminescenne Relatively high efficiency of injectiondecreases and the crystallinity of the film increases with temperature. excitation for the UV bands eh exceptional oie variousFilms grown on (0001) sapphire substrates at temeraures above 850 0C excitation conditions. Eited state processes which bringshow good crystalline properties. The optical properties of the as- aboitathes crctis t sta e oered strnggrown material are discussed in terms of deposition conditions. about these characteristics must be governed stronglyby substantial aniountts of crystal imperfections coming

F8.13 from the present preparation conditions. Such excitedstate processes are disscused,
TIIEORETICAL INVESTIGATION OF GRAPHITIC BeO.Rpata \I. \Ventzcovitch.* The James Franek Institute and Though the observed blue emission and potential ofDepartment of Physics, The University of Chicago. Chicago, IL blue-emitting LED of CBK have attracted much attention, we60637; Alessandra Continenza and Arthur J. Freeman, Depart- believe that significance of this material lies in itsment of Physics and Astronomy, Northwestern University, ultraviolet, particularly in 200 nm range, injectionEvanston, IL C0"208.** emission nature. Cubic BN can be recognized as almost only

material with which both p- and n-type semicondictors areThe question of whether BeO, a wide gap semiconductor (7.8 - certainly made, having very wide bandgap (estimated to be 710.7 eV), could exist or not in the layered graphitic phase, like eV). ttiereas, as the blue-emitting LE material, cBN seamsthe other members of the family of first row solids C and BN, is to have little advantage on the whole in comparisu withstill an open point. In this work we investigate this possibility SiC. Discussions are made on potentialities as a materialthrough a first principles, all-electron, total energy LDA study for novel c.ptoelectrcnics devices and on problems toof the electronic structure of the compounds in this series in the realize them.layered and in the dense wurtzite-like phases. We obtain the F9.3minimum energy path between these phases in BeO and com-pare with those of C and BN. The chemical trends responsible O ZOaIr ewa CIF ataskCo yM K ZN XTR=a RsAi O]ko-ifor relative metastability along the series are revealed after a de- VoJatsekov, Inst.tUtOftailed analysis of the differences of the energy components of the th of e Aoademy of Sciences ofcompounds in the two phases. We also offer a process for the th1 USBe MosoOW 11915 _inaky Prospekt 31synthesis of Beo which is based on recent progresses in the syn- a" D Pott. Hoeh hu.oe 9010 i a ri-thesis of new graphitic materials by Chemical Vapor Deposition. Stadt, Strasso der Nationsn 62, D R*
* Present address: Brookhaven National Laboratory, Physics Pil38 Of amorphous boron nitride were obtained byDepartment 510A, Upton, NY 11073. the method of ion-assisted deposition* A few of

,Um thibk films with high adhesion were deposited* Work supported by NSF through NWUMRC grant on tungsten arbide.DMR88-21571.F9.1 RThe trsnaverse current has been measured in the
8F8sm WO sub8trate-YN film-electrode of aquadag

CUBIC BORON NITRIDE PN DIODE MADE AT HIGH PRESSURE or A The temperature dependence of the static
Osamu Mishima, National Institute for Research in G t(1) and d naini G (T) conductivity was measu-Inorganc Materials, 1-1 Namiki, Tsukuba, 305 "M at low electric eld intensity in the linearJapan region of the current-voltage oharaoteristic.Temperature variation of d.c.conductivity G1 (T)
The fabrication of a c-BN pn junction diode with was obtained over the whole range 300-eTz9W X,
the temperature difference solvent method at about whi L1(T) - 1on0T 900 X at frequencies f a
50 kbar and 1700*C will be reviewed. The obtained * &periental data on G, a(T) and G
diode was functional as a high-temperature (6500CI (T) were ans hsi d on the basis of Model u e'lfeed

by Dvis and Mott for the density of states in
forbidden gap of non-crystallino materials.
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W0 oonclued, that there are three different me- F9.6
2a0 of tinspot by o carrier s ) T - BORON PHOSPHIDE AS A REFRACTORY SEMICONDUCTOR.
250 OOdtity due to carriers hopping bet- u r, Yokohama National University,
ween localased states near the Permi energy ;b) Yokohama Kanagawa; M.Hirabayashi, Electro-
over the whole rang. 2504 Te 700 K-conductivity technical Laboratory, Tsukuba, Ibaraqi;
due to carriers excited into the localized states S.Takagi, Daido Steel Co. Ltd., Nagoya, Aichi.
at the band edges O) at T>?00 K conductivity The present paper, first, reviews our results on
due to transport by carriers into non-localized refractory semiconductor of boron phosphide sin-
states. ge crystalline wafers. The crystal qrowth byCV..process, char acterization by Bo:nd method,
F9.4 electrical properties by van der Pauw method,thermoelectrical properties, thermal properties
POLYCRYSTALLINE @t-BN: STRUCTURE,CONDJXTION,AND by a unique ring-f-ash light method and Schottky
THE BAND GAP ENERGETIC STATES. V.V.Lopatin. diode characteristics are mentioned.
High Voltage Institute, Tomsk, USSR. The following results are concluded.

1. The results of the precise measurements ofPyrolytic boron nitride (PBN) prepared by a v- lattice constant would e3lain the conduction
pour-phase deposition possesses the unique ther- type and isotope substitution effect in BP.
mal physical, and dielectric properties which are 2.S =~e electronic transport properties such as
determined not only by electronic structure but donor and acceptor levels and lattice
also by anisotropic structure; viz. the crystal- scattering process before and after thermalneutron experiments are clarified. Thermallite sizes, boundary conditions, and texture. conductivitX shows a pronounced temperature

Teheneence cue to phonon scatter'
The paper presents the results of measurements 3..M o-ility of 30 cm'/s-V at 850 and high
of the dielectric PBN properties in the range to thermoeiectric power of - 500 PV/K indicate2000 K. The peculiarities of the electronic the promising materials for devices operatedat high temperatures, while high thermal con-
structure and texture are analyzed as the cause ductivity of 4.0 W/cm.K for heat-sink for
of the conductivity anisotropi & . The expres- semiconductor devices.
sions allowing to define a conduction of anisot- 4. Schottky diodes of n-BP-Sb and -Au shows
ropic polycrystals by the measured texture funo- excellent characteristics and barrier height

of n-BP is independent of material andtion and Uv' of single crystals are given. two-thirds of energy bandqap.

The modulation thermoactivation spectroscopy was In addition to review talk, recent results on
used to determine the energetic and kinetic pa- thermelectric properties of sintered BP specimen

and recombi- are mentioned. The highest thermoelectric powerrameters of the centres of trappi n of 2 mV/K and high thermoelectric figure of
nation of the charge carriers, which are placed merit reflect promising materials for thermo-
in a band gap and take part in charge transport. electric device.
It was found that the holes play a main part in
the charge transport in the temperature range F9.7
to 650 K.

THERMAL AND ION BEAN INDUCED REACTIONS IN Ni ON BP.
F9.5 Naoto Kobayashi. Electrotechnical Laboratory. Tsukuba,

GROWTH AND PHYSICAL PROPERTIES OF rf-MAGNETRON SPUTTERED InN Ibaraki. Japan; Yukinobu Kumashiro, Yokohama National
SEMICONOUCTING FILMS. W. A. Bryden, J. S. Morgan, T. J. University, Yokohama, kanasawa, Japan; Peter Revesz, Jian LI

Kistenmacher, D. Dayan, a. Fanchten, and T. 0. Poehler, and James 1. Mayer, Cornell University, Ithaca, NY, USA
Applied Physics Laboratory, The Johns Hopkins University, In order to study the basic reaction mechanism of metals
Laurel, M4) 20707-6099. with refractory wide bmndeap semiconductor BP (bandeap with

InN films have been grown using reactve rf-magnetron sput- 2.1 eY and melting point above 3OO0OC) which Is of Interest
tering and characterized by the measurement of their opti- from the view of the device application, solid phase reac-
cal, electrical, structural and compositional properties. tions of Ni thin films with epitaxially grown BP(iOO) were
Films have been prepared on fused quartz, silicon (111) and investigated both In thermal treatment and Ion beam Induced
sapphire (0001). Optical absorption and reflectance have process with RBS. AES, XRD and XPS.
been performed on the samples. Electrical properties
(resistivity and Hall effect) have been measured from 1.4K In thermal processing, reactions of NI thin films with RP
to 500K. Structural characterization has been carried out started between $500 C and 4000 C. Ni Is found to be the
using X-ray scattering. SEM, TEN and STM. Deposition at moving species at these temperatures. The formation of the
50 *C results in films with a columnar growth morphology, a fully reacted crystalline phase with the mixture of NIB and
high carrier density and low mobility. As the temperature NIAP was observed at 450c. Depth profile measurements with
of deposition is increased an abrupt change in the growth is RBS, AES and XPS have revealed uniform mixture of the two
evident near 400 *C that is manifested in a change in the phases in depth. At elevated temperatures above 6000C. mix-
structural properties 3nd the electrical transport. At ture of phases with less Ni content was found to be formed.
higher temperatures, the film properties steadily improve
until at 550 OC the films grown on (0001) oriented sapphire Ion beam induced reactions with 600 keY Xe bombardments were
show grains that are epitaxial, with a tenfold decrese in observed at temperatures between 77K and 2000C at the
carrier density and an increase of mobility by a factor of fluence with 5xIuI5 ions/cm 2. Below room temperature the
four. While the variation in deposition temperature reaction was found to be Inhomogeneous and showed an mnor-
improves the physical properties of the material the carrier phous phase with the same composition as the first thermal
density remains high and the mobility relatively low. Auger phase. The reaction induced at 2000C showed crystalline
analysis of the films shows a highly oxygenated surface phase with the same composition and the same XRD pattern as
layer which extends significantly into the bulk of the those reacted thermally at 460C. The reacted layer thick-
films. The oxygen impurity severely degrades the semicon- ness ao a function of the ion beam fluence at 200oc in-
ducting properties of the material and modifications are creased linearly with the fluence, which can suggest inter-
underway that will lead to InN films that are of much higher face reotion neohanism in this system.
qua l ity.

Supported in part by the U. S. Dept. of Navy under contract
N00039-89-C-5301.
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F9. a

BORON PHOSPHIDE ON SILICON FOR RADIATION
DETECTORS. J.C. Lund, K.S. Shah, F. Olschner, Radiation
Monitoring Devices, Inc., Watertown, MA 02172; and F. Ahmed,
Devcom Inc., Framingham, MA 01701

We report on radiation detectors fabricated from boron phosphide
(BP) layers. These devices were fabricated by growing I to 10 micron
thick layers of BP by chemical vapor deposition (CVD) on (100)
oriented n-type silicon substrates. Ohmic contacts were applied to the
Si (Au-Sh) and Schottky barrier contacts (also Au-Sb) were applied to
the BP layer. After extensive electrical and physical characterization,
the resulting devices were tested as radiation detectors and were found
to be capable of detecting individual 5.5 MeV alpha particles. With
some improvements we hope to fabricate neutron detectors from these
devices, making use of the very high cross-section of boron for thermal
neutrons.

F9.9

ZnGeP2: A WIDE BANDGAP CHALCOPYRITE STRUC-
TURE SEMICONDUCTOR FOR NONLINEAR OPTICAL
APPLICATIONS. G.C. Xing and K.J. Bachmann, Depart-
ment of Materials Science and Engineering, North Carolina
State University, Raleigh, NC27695; and J.B. Posthill, Rese-
arch Triangle Institute, Research Triangle Park, NC27709.

ZnGeP2 is a chalcopyrite structure semiconductor with a
bandgap of 1.99eV at room temperature. Since ZnGeP2
has the second 'irgest birefringence of the known II-IV-
V2 chalcopyrite ,ructure semiconductors, it is of interest
in the contest of nonlinear optical applications. Efforts
have been made in improving the quality of ZnGeP2 sin-
gle crystals. In this paper we report the growth and
characterization of ZnGeP2 epitaxial layers by open tube
MOCVD and ZnGeP2 single crystals by high-pressure
vapor transport. The electrical and optical properties
have been investigated by Hall measurements, absorp-
tion spectroscopy, photoconductivity and photolumine-
scence spectroscopy, and compared with those of the
crystals grown from melt. Both the melt-grown crystals
and epitaxial layers show extended band tailing in the
transparency range of ZnGeP2. In contrast, the high-
pressure vapor transported single crystals exhibits sub-
stantially lower sub-bandgap absorption. X-ray diffrac-
tion and transmission electron microscopy have been
used for the structural characterization of these crystals.
The results show that both the epitaxial films and the
high-pressure vapor transported crystals crystallized in
the chalcopyrite structure.
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IMPURITIES, DEFECTS AND DIFFUSION SESSION G2: ELECTRONIC STRUCTURE -

IN SEMICONDUCTORS: BULK AND DEEP LEVELS II
LAYERED STRUCTURES Chair: J. M. Langer

Monday Morning, November 27
November 27 - December 1, 1989 Salon F (M)

SESSION GI: ELECTRONIC STRUCTURE - 10:15 *G2.1
DEEP LEVELS I COMPLEX DEFECTS IN SEMICONDUCTORS, B.

Chair: D. J. Wolford Monenar, Link6ping University, Department of
Monday Morning, November 27 Physics and Measurement Technology, Link6p-

Salon F (M) ing, Sweden.

8:30 *Gl.l 10:45 G2.2
HIGH RESOLUTION SPECTROSCOPY OF POINT THE ELECTRONIC STRUCTURE OF INTERSTITIAL
DEFECTS IN SEMICONDUCTORS, H.G. Grimmeiss, IRON IN SILICON, M. Kleverman, A-L
M. Kleverman and J. Olajos, University of Thilderkvist, G. Grossmann, J. Olajos and
Lund, Department of Solid State Physics, H.G. Grimmeiss, University of Lund, Depart-
Lund, Sweden. ment of Solid State Physics, Lund, Sweden.

9:00 G1.2 11:00 G2.3
INFRARED ABSORPTION STUDY OF ZINC-DOPED D-BAND LUMINESCENCE IDENTIFIED WITH TRANSI-
SILICON, E. Merk, J. Heyman and E.E. TION METAL DECORATED, AS DISTINCT FROM
Haller, University of California at UNDECORATED DISLOCATIONS, V. Higgs and E.C.
Berkeley, Center for Advanced Materials, Lightowlers, King's College London, Physics
Materials and Chemical Sciences Division, Department, London, United Kingdom.
Lawrence Berkeley Laboratory, Berkeley, CA.

11:15 G2.4
9:15 G1.3 PHOTOLUMINESCENCE EXCITATION SPECTROSCOPY OF
INFRARED STUDIES OF THE DOUBLE ACCEPTOR ZINK MOCVD-GROWN GaAs:V, Y.J. Kao, N.M. Haegel,
IN SILICON, A. D6rnen, R. Kienle, and K. University of California, Los Angeles,
Thonke, Universitat Stuttgart, Physikal- Department of Materials Science and En-
isches Institut, Stuttgart, West Germany; P. gineering, Los Angeles, CA; and W.S. Hobson,
Stolz and G. Pensl, University of Erlangen, AT&T Bell Laboratories, Murray Hill, NJ.
Institut fur Angewandte Physik, Erlangen,
West Germany; D. GrUnebaum and N.D. 11:3C G2.5
Stolwijk, University of Minster, Institut RADIATIVE AND NON-RADIATIVE RECOMBINATIONS
fUr Metallforschung, MOnster, West Germany. AT Er CENTERS IN GaAlAs, Taha Benyattou,

Ejelloul Seghier, and Gerard Guillot, INSA
9:30 G1.4 de Lyon, LPM Department, Villeurbanne,

PRESSURE DEPENDENCE OF A DEEP EXCITONIC France; Pierre Galtier and Marie-Noelle
LEVEL IN SILICON, G.A. Northrop and D.J. Charasse, Thomson CSF/LCR, Orsay, France.
Wolford, IBM T.J. Watson Research Center,
Yorktown Heights, NY. 11:45 G2.6

CHARACTERIZATION OF DEEP-LEVEL DEFECTS IN
9:45 G1.5 SEMI-INSULATING GaAs AND InP BY PHOTOINDUCED
NEW ODMR OBSERVATIONS IN Zn-DOPED LEC InP TRANSIENT SPECTROSCOPY (PITS), Pawel
AND Cr- AND Te- DOPED GaAs, J.M. Trombetta Kiaznir , Institute of Electronic Materials
and T.A. Kennedy, Naval Research Laboratory, Technology, Physical Investigations Depart-
Washington, DC. ment, Warszawa, Poland.

10:00 BREAK SESSION G3: ELECTRONIC STRUCTURE -

SHALLOW IMPURITIES
Chair: M. L. W. Thewalt

*Invited Paper Monday Afternoon, November 27
Salon F (M)

Short Courses C-06, "Deep Level Transient
Spectroscopy," and P-06, "Ion Implantation, 1:3C *G3.1
Diffusion, Defects, and RTP," may be of ENHANCEMENT OF MINORITY CARRIER LIFETIMES IN
interest to symposium attendees. Details n+/n/n+ GaAs HOMO-STRUCTURES, Leigh M. Smith
regarding course dates and instructors are and D.J. Wolford, IBM T.J. Watson Research
provided in the short course section of this Center, Yorktown Heights, NY; R.
program. Venkazasubramanian and S.K. Ghandhi, Rensse-

laer Polytechnic Institute, Troy, NY.
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2:00 G3.2 4:15 G4.4
EVIDENCE FOR STRONG TRAPPING BY IONIZED MID-INFRARED SPECTRAL PHOTORESPONSE OF SEMI-
DONORS OF FREE EXCITONS IN EXCITED STATES, INSULATING GaAs, G.J. Brown, and W.C.
S. Zemon and G. Lambert, GTE Laboratories, Mitchel, U.S. Air Force, Wright Research and
Waltham, MA. Development Center, Materials Laboratory

(WRDC/MLPO), Wright-Patterson AFB, OH.
2:15 G3.3

FORMATION OF THREE RED-SHIFT EMISSIONS IN 4:30 G4.5
HEAVILY GERMANIUM-DOPED P-TYPE GAAS GROWN BY ASSOCIATION OF THE 0.8eV EMISSION BAND TO
MBE, Y. Makita, A. Yamada, H. Shibata, N. THE EL6 CENTER IN GAAS, S. Alaya, M.A.
Ohnishi, A.C. Beye and K.M. Mayer, Electro- Zaldi, G. Marrakchi, H. Maaref, Faculte des
technical Laboratory, Photopress Section, Sciences, Physique Department, Monastir,
Ibaraki, Japan. Tunisia; H.J. Von Bardeleben and J.C.

Bourgoin, Universite Paris VII, Groupe
2:30 G3.4 Physique des Solides (ENS), Paris, France.

ELECTRICAL PROPERTIES OF HEAVILY Be-DOPED
GaAs GROWN BY MOLECULAR BEAM EPITAXY, H, 4:45 G4.6
Shibata, Y. Makita, A. Yamada, N. Ohnishi, THE ELECTRONIC STRUCTURE OF THE "0.15eV" Cu
M. Mori, Y. Nakayama, A.C. Beye, and K.M. ACCEPTOR LEVEL IN GaAs, E. Janien, M.
Mayer, Electrotechnical Laboratory, Ibaraki, Linnarsson and B. Monemar, Linkeping Univer-
Japan. sity, Department of Physics and Measurement

Technology, Link6ping, Sweden; M. Kleverman,
2:45 G3.5 University of Lund, Department of Solid

PHOTOLUMINESCENCE STUDY OF GaAs DIFFUSED State Physics, Lund, Sweden.
WITH Li, H.P. Gislason and E.6.
Sveinbjbrnsson, University of Iceland, SESSION G5: ELECTRONIC STRUCTURE -
Science Institute, Reykjavik, Iceland; B. COMPLEX DEFECTS IN Si
Monemar and M. Ahlstrbm, Linkbping Univer- chair: M. Stavola
sity, IFM, Link6ping, Sweden. Tuesday Morning, November 28

Salon F (M)
3:00 G3.6

LASER-THERMAL IMPURITY PUMPING OF SHALLOW 8:00 *G5.1
DONORS IN ULTRAPURE GERMANIUM, T. Theiler PHOTOLUMINESCENCE CHARACTERIZATION OF IM-
and F. Keilmann, Max-Planck-Institut fdr PURITIES AND DEFECTS IN SEMICONDUCTORS,
Festkorperforschung, Stuttgart, West Ger- M.L.W. Thewalt, Simon Fraser University,
many. Department of Physics, Burnaby, Canada.

3:15 BREAK 8:30 G
GENERATION AND DISSOCIATION OF IRON-BORON

SESSION G4: ELECTRONIC STRUCTURE - NATIVE PAIRS IN SILICON, M. Suezawa and K. Sumino,
DEFECTS AND TRANSITION METALS IN III - V's Tohoku University, Institute for Materials

Chair: S. G. Bishop Research, Sendai, Japan.
Monday Afternoon, November 27

Salon F (M) 8:45 G5.3
THEORETICAL INVESTIGATIONS OF THE METASTA-

3:30 G4.1 BILITY OF IRON-GROUP III ACCEPTOR PAIRS IN
VACANCY-TYPE DEFECTS IN PLASTICALLY DEFORMED SILICON, J.R. Leite and L.V.C. Assali,
GaAs, P. Mascher, S. Dannefaer and D. Kerr, Universidade de Sio Paulo, Instituto de
University of Winnipeg, Department of Phys- Fisica, Sgo Paulo, Brazil.
ics, Winnipeg, Canada.

9:00 G5.4
3:45 G4.2 PHOTOCONDUCTIVITY STUDY OF CrB AND Cri IN

ODMR STUDIES ON BULK GALLIUM PHOSPHIDE, SILICON, A. Schlette, R. Kienle, A. Dbrnen,
Keith L. Brower, Sandia National Laborator- and K. Thonke, Universit~t Stuttgart, Physi-
ies, Albuquerque, NM. kalisches Institut, Stuttgart, West Germany.

4:00 G4.3 9:15 *G5.5
THE ROLE OF OXYGEN IN p-TYPE InP, J.iche, FORMATION OF In-Cu PAIRS IN SILICON DURING
J. Jeong, K.M. Lee and L.C. Kimerling, AT&T CHEMO-MECHANICAL POLISHING, Th. Wichert, R.
Bell Laboratories, Murray Hill, NJ. Keller, M. Deicher, W. Pfeiffer, H. Skudlik

and D. Steiner, Universit~t Konstanz, Fakui-
t~t fir Physik, Konstanz, West Germany.

9:45 BREAK
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SESSION G6: HYDROGEN IN Si. I 2:15 G7.3
Chair: M. Stavola HYDROGEN IN CRYSTALLINE SILICON UNDER COM-

Tuesday Morning, November 28 PRESSION AND TENSION, C.S. Nichols and D.R.
Salon F (M) Clarke, IBM T.J. Watson Research Center,

Yorktown Heights, NY.
10:15 -G6.1
FERMI RESONANCE EFFECTS ON THE VIBRATION 2:30 G7.4
MODES OF HYDROGEN-PASSIVATED BORON IN SILI- ANALYSIS OF REAL-TIME HYDROGENATION DATA
CON, G.D. Watkins, W.B. Fowler, G.G. DeLeo, FROM P AND N-TYPE SILICON, Carleton H.
M. Stavola and D.M. Kozuch, Lehigh Univer- S and Robert A. Anderson, Sandia Na-
sity; S.J. Pearton, J. Lopata, AT&T Bell tional Laboratories, Albuquerque, NM.
Laboratories, Murray Hill, NJ.

2:45 G7.5
10:45 G HYDROGEN SEGREGATION AT AL/SI INTERFACE
OPTICALLY DETECTED MAGNETIC RESONANCE OF A STUDIED BY NUCLEAR RESONANT REACTION, j
HYDROGEN-RELATED COMPLEX DEFECT IN SILICON, C , A.D. Marwick and F.K. LeGoues, IBM
W.M. Chen, 0.0. Awadelkarim, B. Monemar, T.J. Watson Research Center, Yorktown
Linkbping University, Department of Physics Heights, NY.
and Measurement Technology, Link6ping,
Sweden; J.L. Lindstr6m, Swedish Defence 3:00 G7.6
Research Establishment, Link~ping, Sweden; DISSOCIATION KINETICS OF SHALLOW ACCEPTOR-
and G.S. Oehrlein, IBM T.J. Watson Research HYDROGEN PAIRS IN SILICON, T. Zundel and J.

p Center, Yorktown Heights, NY. Weber, Max-Planck-Institut fdr Festk6rper-
forschung, Stuttgart, West Germany.

11:00 *G6.3
HYDROGEN BEHAVIOUR IN SILICON, G 3:15 BREAK
Cbhiarotti, F. Buda, R. Car and M.
Parrinello, International School for Ad- SESSION G8: HYDROGEN IN III-V SEMICONDUCTORS
vanced Studies, Condensed Matter Department, Chair: E. E. Haller
Trieste, Italy. Tuesday Afternoon, November 28

Salon F (M)
11:30 G.
HYDROGEN DIFFUSION IN B-DOPED SILICON, C.P. 3:45 *G8.I
Herrero, C.S.I.C., Instituto de Ciencia de HYDROGEN COMPLEXES IN III-V SEMICONDUCTORS,
Materiales, Madrid, Spain; M. Stutzmann and Bernard Pajot, Universit6 Paris, Groupe de
A. Breitschwerdt, Max-Planck-Institut f~r Physique des Solides de I'ENS, Paris,
Festkorperforschung, Stuttgart, West Ger- France.
many.

4:15 G8.2
11:45 G6.5 Sn-H COMPLEXES IN GaAs, D.M. Kozuch, Lehigh
MODELING OF THE DIFFUSION OF HYDROGEN IN University, Sherman Fairchild Laboratory,
SILICON, D. Mathiot, CNET-CNS, Meylan, Physics Department, Bethlehem, PA; M.
France; and D. Ballutaud, P. de Mierry and Stavola, S.J. Pearton, C.R. Abernathy and J.
M. Aucouturier, CNRS, Laboratoire Physiques Lopata, AT&T Bell Laboratories, Murray Hill,
des Solides, Meudon, France. NJ.

SESSION G7: HYDROGEN I i1 4:30 GQ.3
Chair: E. E. Haller REASSESSMENT OF ACCEPTOR PASSIVATION MECHAN-

Tuesday Afternoon, November 28 ISM IN p-TYPE HYDROGENATED GaAs, L
Salon F (M) Szafranek and G.E. Stillman, University of

Illinois at Urbana-Champaign, Department of
1:30 *Z.1 Materials Science and Engineering, Center

THE STRUCTURES OF ISOLATED HYDROGEN CENTERS for Compound Semiconductor Microelectronics,
IN SEMICONDUCTORS INFERRED FROM MUONIUM, Materials Research Laboratory and Coor-
T, Rice University, Physics Depart- dinated Science Laboratory, Urbana, IL.
ment, Houston, TX; R.F. Kiefl, TRIUMF and
University of British Columbia, Vancouver, 4:45 G8.4
Canada; J.W. Schneider, Universit~t Z~rich, HYDROGEN PASSIVATION OF INTERFACIAL DEFECTS
Z~rich, Switzerland; and C. Schwab, CRN, IN MOCVD GROWN GaAs/InP, V. Swaminathan,
Strasbourg, France. U.K. Chakrabarti, W.S. Hobson, R. Caruso, J.

Lopata and S.J. Pearton, AT&T Bell Labora-
2:00 G7.2 tories, Murray Hill, NJ.

ELECTRONIC STRUCTURE AND HYPERFINE PARA-
METERS FOR HYDROGEN AND MUONIUM IN SILICON,
Chris G. Van de Walle, Philips Laboratories,
Briarcliff Manor, NY.
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5:00 G8.5 G9.9 MECHANISM FOR THE DIFFUSION OF Zn
PASSIVATION OF Zn ACCEPTORS IN InGaAs DURING IN GaAs, K.B. Kahen, Eastman Kodak Company,
RIE WITH CHF3 /H2 AND CH4 /H2 , Martin M6hrle, Corporate Research Laboratories, Rochester,
Heinrich-Hertz-Institut, Berlin, West Ger- NY.
many.

G9.10 DEFECTS IN THE NEAR-SURFACE REGION
SESSION G9: COMPOUND SEMICONDUCTORS OF 2.5 MeV1 60+ IMPLANTED n-GaAs, C.C. Tin

POSTER SESSION and P.A. Barnes, Auburn University, Depart-
Chairs: D. J. Wolford and E. E. Haller ment of Physics, Auburn, AL; T.T. Bardin and

Tuesday Evening, November 28, 1989 J.G. Pronko, Lockheed Research and Develop-
7:00 p.m. - 10:00 p.m. ment Division, D91-10, B203, Palo Alto, CA.
America Ballroom (W)

G9.11 DEEP LEVEL LUMINESCENCE IN InP:
G9.1 OPTICAL ABSORPTION OF DEEP DEFECTS PHONON FEATURE ANALYSIS, S. Banerjee, A.K.
IN NEUTRON IRRADIATED SEMI-INSULATING GaAs, Srivastava and B.M. Arora, Tata Institute of
M.O. Manasreh, U.S. Air Force, WRDC/MLPO, Fundamental Research, Bombay, India.
Wright-Patterson AFB, OH; and P.J. Pearah,
Spectrum Technology Inc., Hollison, MA. G9.12 OPTICAL ABSORPTION AND PHf7OLUMI-

NESCENCE FROM LOCALIZED STATES IN rtEAVILY
G9.2 RECOVERY FROM THE METASTABLE EL2 DOPED InGaAsP:Ge, R. Raialakshmi and B.M.
DEFECT IN GaAs UNDER MONOCHROMATIC LIGHT Arora, Tata Institute of Fundamental
ILLUMINATION, M.O. Manasreh and D.W. Research, Bombay, India.
Fischer, U.S. Air Force, WRDC/MLPO, Wright-
Patterson AFB, OH. G VOID FORMATION AND THE CORRELATION

WITH THE REDUCTION OF CARRIER CONCENTRATION
G. EL-2 DEFECT FORMATION AND CARBON IN Si-IMPLANTED GaAs, Kei-Yu Ko, Samuel
INCORPORATION IN GaAs GROWN BY ORGANO- Chen,. S.-Tong Lee, Longru Zheng, Eastman
METALLIC VAPOR PHASE EPITAXY, E_. Kodak Company, Corporate Research Labora-
Venkatasubramanian, Research Triangle Park, tories, Rochester, NY; and T.Y. Tan, Duke
NC; J.M. Borrego and S.K. Ghandhi, Rens- University, Department of Mechanical En-
selaer Polytechnic Institute, Troy, NY. gineering and Materials Science, Durham, NC

and Microelectronics Center of North Caro-
G9.4 DX-CENTER IN Se-DOPED AlxGaIxAs, lina, Research Triangle Park, NC.
Thomas Hanak, University of Denver, Depart-
ment of Physics, Denver, CO; Assem Bakry, G9.14 DISORDER INDUCED BAND TAILING
Richard K. Ahrenkiel, Solar Energy Research EFFECTS ON DEEP LEVELS IN SEMICONDUCTORS,
Institute, Golden, CO; and Michael L. A.A. Teate and N.C. Halder, University of
Timmons, Research Triangle Institute, South Florida, Department of Physics, Tampa,
Research Triangle Park, NC. FL.

G9.5 A MODEL OF Si DIFFUSION IN GaAs G9.15 SURFACE AND INTERFACE DAMAGE CHARA-
BASED ON THE FERMI-LEVEL EFFECT, Shaofeng CTERIZATION OF REACTIVE ION ETCHED MBE
yu, Ulrich M. G6sele and Teh Y. Tan, Duke REGROWN GaAs, M.W. Cole, M. Dutta, U.S. Army
University, Department of Mechanical En- Electronics Technology and Devices Labora-
gineering and Materials Science, Durham, NC. tory, Department of Elect. Materials Branch,

Ft. Monmouth, NJ; J. Rossabi, Institution
G9,6 BURIED AMORPHOUS LAYERS IN GALLIUM Quest Tech, Inc. Eatontown, NJ; Doran D.
ARSENIDE, Dipankar SenguDta, Mark C. Smith, U.S. Army Electronics Technology and
Ridgway, John M. Zemanski and Steven T. Devices Laboratory, Department of Elect.
Johnson, Royal Melbourne Institute of Tech- Materials Branch, Ft. Monmouth, NJ; J.L.
nology, Microelectronics and Materials Lehman, Institution JEOL USA Inc., Depart-
Technology Centre, Melbourne, Australia. ment Applications, Peabody, MA.

G9.7 NEW GERMANIUM-RELATED DONOR IN G9.16 DIFFUSION OF ION-IMPLANTED TIN IN
NEUTRON-IRRADIATED GALLIUM PHOSPHIDE, J. GALLIUM ARSENIDE, ELAllen, Stanford
Barczynska and E, Warsaw University, University, Department of Materials Science
Institute of Experimental Physics, Warsaw, and Engineering, Stanford, CA; M.D. Deal and
Poland. J.D. Plummer, Stanford University, In-

tegrated Circuits Laboratory, Stanford, CA.
G9.8 DIFFUSION OF Ga VACANCIES AND Si IN
GaAs, K.B. Kahen, D.J. Lawrence, D.L.
Peterson and G. Rajeswaran, Eastman Kodak
Company, Corporate Research Laboratories,
Rochester, NY.
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G9.17 Pd/Au:Be OHMIC CONTACTS TO p-TYPE G THE STUDY OF CONTAMINATION OF
GaAs, K.M. Schmitz, K. Jiao, R. Sharma and CARBON, BORON, AND OXYGEN IN LEC-GAAS,
W.A. Anderson, State University of New York Yoshiko Itoh, The Institute of Physical and
at Buffalo, Center for Electronic and Elec- Chemical Research, Saitama, Japan; Yoshinori
tro-optic Materials, Department of Electri- Kadota, Sumitomo Metal Mining Company, Ltd.,
cal and Computer Engineering, Buffalo, NY; Hokkai-doh, Japan; Hiroto Fukushima, Japan
G. Rajeswaran and L.R. Zheng, Eastman Kodak Analysis Center, Chiba, Japan; and Mikio
Company, Corporate Research Laboratories, Takai, Osaka University, Engineering Depart-
Rochester, NY; M.W. Cole, U.S. Army Elec- ment, Osaka, Japan.
tronics Technology and Devices Laboratory,
Fort Monmouth, NJ. G9.25 THE ROLE OF CHARGED POINT DEFECTS

ON THE DIFFUSION BEHAVIOR OF SILICON IN
G9. VOID FORMATION, ELECTRICAL ACTIVA- GaAs, Jeff J. Murray, David A. Stevenson,
TION AND LAYER INTERMIXING IN Si-IMPLANTED Stanford University, Department of Materials
GaAs/AlGaAs SUPERLATTICES, .-Tong Lee, Science and Engineering, Stanford, CA; and
Samuel Chen, Kei-Yu Ko, Mary L. Ott, G. Michael D. Deal, Stanford University, Center
Braunstein, Eastman Kodak Company, Corporate for Integrated Systems, Department of Elec-
Research Laboratories, Rochester, NY; and trical Engineering, Stanford, CA.
T.Y. Tan, Duke University, Department of
Mechanical Engineering and Materials Sci- G9.26 MAGNETICALLY STABILIZED KYROPOULOS
ences, Durham, NC and Microelectronics GROWTH OF InP, 5teven Bachowski, Brian S.
Center of North Carolina, Research Triangle Ahern, Robert M. Hilton, Joseph A. Adamski,
Park, NC. Rome Air Development Center, Hanscom AFB,

MA.
G9.19 REDUCTION OF DX CENTER CONCENTRA-
TION IN Sn-DOPED AlGaAs GROWN BY LPE AND ITS G9.27 TEMPERATURE DEPENDENCE OF SCATTERED
MEANING, In Duk Hwana and Sin Chong Park, LIGHT INTENSITY BY PRECIPITATES ALONG DIS-
Electronics and Telecommunications Research LOCATIONS IN AN In DOPED LEC GaAs CRYSTAL,
Institute, Basic Research Department, Kazufumi Sakai and Tomoya Ogawa, Gakushuin
Dajeon, Korea. University, Department of Physics, Tokyo,

Japan.
G9.20 HOT-CARRIER EFFECTS ON OPTICAL
PROPERTIES OF GaAs/AlxGalxAs QUANTUM WELLS, G9.28 X-ALPHA CALCULATIONS OF Sn DOPING
W.M. Chen, B. Monemar and P.O. Holtz, Link- IN GaAs, D.M. Union and M. Wilner, Univer-
oping University, Department of Physics and sity of Lowell, Physics Department, Lowell,
Measurement Technology, Linkbping, Sweden; MA.
M. Sundaram, J.L. Merz and A.C. Gossard,
University of California, Santa Barbara, G9.29 BERYLLIUM DOPING IN MBE GROWN GaAs
Department of Electrical and Computer En- AND AlGaAs, Joseph Pellegrino, National
gineering, Santa Barbara, CA. Institute of Standards and Technology,

Gaithersburg, MD; James Griffin and Micheal
G9.21 THE NATURE OF NATIVE DEFECTS IN LEC Spencer, Howard University, MSRCE, Washing-
GROWN SEMI-INSULATING GaAs BY THERMALLY ton, DC.
STIMULATED CURRENT SPECTROSCOPY, ZQoiang
F_g, Lei Shen, T.E. Schlesinger and A.G. G9.30 ANOMALOUS LUMINESCENCE PROPERTIES
Milnes, Carnegie Mellon University, Depart- OF GaAs GROWN BY MOLECULAR BEAM EPITAXY, j,
ment of Electrical and Computer Engineering, Szafranek, University of Illinois at Ur-
Pittsburgh, PA. bana-Champaign, Department of Materials

Science and Engineering, Coordinated Science
G9.22 PRESSURE EFFECTS ON DEEP LEVELS IN Laboratory, Urbana, IL; M.A. Plano, M.J.
SEMICONDUCTORS, Ken-ichi Takarabe, Shigeru McCollum, S.L. Jackson, K.-Y. Cheng, and
Minomura, Okayama University of Science, G.E. Stillman, University of Illinois at
Department of Physics, Okayama, Japan; Urbana-Champaign, Department of Electrical
Masahiko Kusaka, Okayama University, Depart- and Computer Engineering, Urbana, IL.
ment of Physics, Okayama, Japan; Koichiro
Matsuda, Horiba Ltd., 1st R&D Department, G9.31 POOLE-FRENKEL EFFECT ON THE DX
Kyoto, Japan. CENTERS IN III-V TERNARY ALLOYS, H.

Altelarrea, J. Bosch, A. Pdrez, J. Samitier,
G9.23 IMPROVED HOLE DIFFUSION LENGTHS IN and J.R. Morante, Universitat de Barcelona,
BULK n-TYPE GaAs FOR HIGH EFFICIENCY SOLAR Department de Fisica Aplicada i Electr~nica,
CELLS, D, Wong, T.E. Schlesinger and A.G. Barcelona, Spain.
Milnes, Carnegie Mellon University, Depart-
ment of Electrical and Computer Engineering,
Pittsburgh, PA.
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G9.32 DEEP-LEVEL DOMINATED CURRENT-VOL- G9.40 ELECTRICAL AND PHOTOLUMINESCENCE
TAGE CHARACTERISTICS OF NOVEL AND IMPORTANT PROPERTIES OF Mg+ AND C+ IMPLANTED ACCEPTORS
SEMICONDUCTOR HETEROSTRUCTURES, K. Das, IN InP, 6.C. Beve, A. Yamada, A. Shimizu, H.
North Carolina State University, Department Shibata, H. Tanoue, K.M. Mayer, H. Sugiyama,
of Materials Science and Engineering, K. Kamijoh, T. Oda, 0. Arriga and Y. Makita,
Raleigh, NC. Electrotechnical Laboratory, Ibaraki, Japan.

G9.33 MOBILITY-LIFETIME PRODUCT OF PHOTO- G9.41 QUALITATIVE PHYSICS OF DEEP LEVELS
EXCITED ELECTRONS IN GaAs: THE ROLE OF EL2, IN HETEROSTRUCTURES, Harold P. Hialmarson,
George C. Valley, University Paris XI, I.J. Fritz, J.F. Klem and T.M. Brennan,
Institut d'Optique, Paris, France, and Sandia National Laboratories, Albuquerque,
Hughes Research Laboratories, Malibu, CA; NM.
H.J. Von Bardeleben, Centre National de la
Recherche Scientifique, Groupe de Physique G9.42 Ge TRANSPORT AND EPITAXY IN THE
des Solides de l'Ecole Normale Superieure, AMORPHOUS-Ge/Pd2 Si/(111) Si SYSTEM, O.Z.
Paris, France. Hon , J.G. Zhu and J.W. Mayer, Cornell

University, Department of Materials Science
G9.34 OPTICAL CHARGE TRANSFER PROCESSES and Engineering, Ithaca, NY.
IN SEMI-INSULATING GaAs, E. Christoffel, T.
Benchiguer, A. Goltzene, and C. Schwab, G9.43 ELECTRICAL AND MATERIAL CHARAC-
Universite Louis Pasteur, CRN, Groupe TERIZATION OF THE STABILITY OF ALGAAS AND
Recherches Physiques et Matdriaux, Stras- INGAAS PLANAR DOPED STRUCTURES, Larry P.
bourg, France; K. Chino and K. Satoh, Sadwick, University of Utah, Department of
Sumitomo Metal Mining Company, Ltd., Tokyo, Electrical Engineering, Salt Lake City, UT;
Japan; P. Bunod and E. Molva, IRDI-CEA, CENG and Dwight C. Streit, TRW Electronic Systems
Department, Division d'Electronique de Group, Redondo Beach, CA.
Technologie et d'Instrumentation, Grenoble,
France. G9.44 NON-LINEAR DIFFUSION IN HgCdTe/CdTe

MULTILAYERS, Y. Kim, A. Ourmazd, R.D.
G9.35 COMPARATIVE OPTICAL STUDIES OF Cu, Feldman and J.A. Rentschler, AT&T Bell
Mn, AND C IMPURITIES IN BULK LEC GROWN GaAs Laboratories, Holmdel, NJ.
BY ELECTRON BEAM ELECTROREFLECTANCE (EBER)
AND PHOTOLUMINESCENCE (PL), M.H. Herman and G9.45 CHARACTERIZATION OF RAMAN SCATTER-
I.D. Ward, Charles Evans and Associates, ING SPECTRA IN AlGaP TERNARY ALLOYS, Devki
Redwood City, CA; and P.J. Pearah, Spectrum N. Talwar, and T.D. Fang, Indiana University
Technology, Holliston, MA. of Pennsylvania, Department of Physics, In-

diana, PA; and M. Vandevyver, CEA-CEN de
G9.36 CORRELATION OF FREE CARRIER CON- Saclay, Gif-sur-Yvette, France.
CENTRATION MEASUREMENTS IN GaAs BY NON-
CONTACT OPTICAL ELECTRON BEAM ELECTROREFLEC- G9.46 ELECTRONIC STRUCTURE OF Li-IMPURI-
TANCE (EBER) AND PHOTOREFLECTANCE (PR) TO TIES IN ZnSe, Tamio Ocuchi, Taizo Sasaki,
ELECTRICAL HALL EFFECT, D.K. Gaskill, N. National Research Institute for Metals,
Bottka, and R.S. Sillmon, Naval Research Tokyo, Japan; and Hiroshi Katayama-Yoshida,
Laboratory, Washington, DC; M.H. Herman and Tohoku University, Department of Physics,
I.D. Ward, Charles Evans and Associates, Sendai, Japan.
Redwood City, CA; and C.L. Reynolds, AT&T
Bell Laboratories, Reading, PA. G9.47 THE DEEP 0.11 eV MANGANESE ACCEPTOR

LEVEL IN GaAs, M. Kleverman, University of
G9.37 Ge RELATED DEEP LEVEL LUMINESCENCE Lund, Department of Solid State Physics,
IN InGaAs LATTICE MATCHED TO InP, S.S. Lund, Sweden; E. Janzen, M. Linnarsson and
Chandvankar, A.K. Srivastava, B.M. Arora, B. Monemar, Link6ping University, Department
and D.K. Sharma, Tata Institute of Fundamen- of Physics and Measurement Technology,
tal Research, Bombay, India. Linkbping, Sweden.

G9.38 CARBON DOPING IN InGaAs GROWN BY G9.48 IDENTIFICATION OF SURFACE-RELATED
MBE, Hiroshi Ito and Tadao Ishibashi, NTT, ELECTRON TRAPS IN UNDOPED GaAs BY DEEP LEVEL
LSI Laboratories, Kanagawa, Japan. TRANSIENT SPECTROSCOPY, K.C. Shin and I.S.

ParX, Goldstar Cable Research Laboratory,
G9.39 SURFACE STRUCTURE OF SULFUR COATED Semiconductor Department, Kyungki, Korea.
GaAs, Yoshihisa Fujisaki and Shigeo Goto,
Hitachi Ltd., Central Research Laboratory,
Tokyo, Japan.

232



G9.49 PHOTOLUMINESCENCE STUDIES OF IM- 9:15 G10.5
PURITIES AND DEFECTS IN MERCURIC IODIDE, MEASUREMENTS OF ENHANCED AND RETARDED DIF-
X.J. Bao, T.E. Schlesinger, Carnegie Mellon FUSION OF BURIED LAYERS IN SILICON MEMBRANE
University, Department of Electrical and STRUCTURES DURING OXIDATION, Scott T.
Computer Engineering, Pittsburgh, PA; R.B. Dunham, Anuradha M. Agarwal, and Nanseng
James, Sandia National Laboratories, Liver- Jeng, Boston University, Electrical, Com-
more, CA; A.Y. Cheng and C. Ortale, EG&G puter and Systems Engineering, Boston, MA.
Energy Measurements, Goleta, CA.

9:30 G10.6
G9.50 TRANSIENT CURRENT AND TRANSIENT MIGRATIONS OF INTERSTITIAL ATOMS IN SEMICON-
CAPACITANCE MEASUREMENTS OF DEFECTS IN DUCTORS, T. Wada, A. Takeda and M. Ichimura,
AlGaAs MODFETS, R. Magno and R. Shelby, Nagoya Institute of Technology, Department
Naval Research Laboratory, Washington, DC. of Electrical and Computer Engineering,

Nagoya, Japan; M. Takeda, Government In-
G9.51 ELECTRONIC AND OPTICAL PROPERTIES dustrial Research Institute, Nagoya, Japan.
OF DEEP DONORS IN HYDROGENATED AlxGal.xAS
DOPED WITH SILICON, R. Moustefaoni, R. 9:45 BREAK
Legros, J. Chevallier, LPSB, CNRS, Meudon,
France; C.W. Tu and R.F. Kopt, AT&T Bell SESSION Gll: DIFFUSION IN Si
Laboratories, Murray Hill, NJ. Chair: J. Bernholc

Wednesday Morning, November 29
G9.52 LUMINESCENCE DUE TO Mn DOPPED GaP, Salon F (M)
Teresa Monteiro and Estela Pereira, Univer-
sidade de Aveiro, Departamento de Fisica, 10:15 GI1 l
Aveiro, Portugal. MEASUREMENTS OF ENHANCED OXYGEN DIFFUSION IN

SILICON DURING THERMAL DONOR FORMATION: NEW
G9.53 ZEEMAN STUDY OF THE 1.040 eV PHOTO- EVIDENCE FOR POSSIBLE MECHANISMS, A.R.
LUMINESCENCE BAND IN CU DOPED SILICON, K.G. Brown, R. Murray, R.C. Newman and J.H.
McGuigan, M.O. Henry, School of Physical Tucker, Imperial College of Science, The
Sciences, National Institute for Higher Blackett Laboratory, Interdisciplinary
Education, Dublin, Ireland; M.H. NazarO, Research Centre Semiconductor Materials,
Universidade de Aveiro, Departamento de London, United Kingdom.
Fisica, Aveiro, Portugal; and E.C.
Lightowlers, King's College, Department of 10:30 GI1.2
Physics, London, United Kingdom. A STEADY-STATE MODEL FOR COUPLED DEFECT-

IMPURITY DIFFUSION IN SILICON, F.F. Morehead
SESSION G10: DIFFUSION IN Si and R.F. Lever, IBM East Fishkill Facility,

Chair: J. Bernholc Hopewell Junction, NY.
Wednesday Morning, November 29

Salon F (M) 10:45 GI1 .3
8:00 *GI0.1 HIGH AND LOW TEMPERATURE MEASUREMENTS OF THE

ATOMIC DIFFUSION AND DEFECT REACTIONS IN CHROMIUM DIFFUSIVITY IN SILICON, J. Zhu and
SILICON, Sokrates T. Pantelides, IBM T.J. D. Barbier, Institut National des Sciences
Watson Research Center, Yorktown Heights, Appliqu~es de Lyon, Laboratoire de Physique
NY. de la Matiere, Villeurbanne, France.

8:30 G1O.2 11:00 Q11.4
PRESSURE AND STRAIN EFFECTS ON DIFFUSION, A. THE FORMATION OF SILICON-RICH SILICIDES,
Antonelli and J. Bernholc, North Carolina Maria Ronay, IBM T.J. Watson Research Cen-
State University, Department of Physics, ter, Yorktown Heights, NY.
Raleigh, NC.

11:15 G11.5
8:45 G10.3 PRECIPITATION OF COPPER AND COBALT AT GRAIN

LOW-TEMPERATURE DIFFUSION OF DOPANTS IN BOUNDARIES IN SILICON, U. Jendrich, H.J.
SILICON, P. Fahey and M. Wittmer, IBM T.J. M6ller, Case Western Reserve University,
Watson Research Ctr., Yorktown Heights, NY. Department of Materials Science and En-

gineering, Cleveland, OH; and T. Thtken,
9:00 GI0.4 University of G6ttingen, IV. Physical In-
DETERMINATION OF THE FRACTIONAL INTER- stitute, G6ttingen, West Germany.
STITIALCY COMPONENT OF DIFFUSION FOR AR-
SENIC, M. Heinrich, M. Budil, H.W. P6tzl,
TU-Wien, Wien, Austria.

233



11:30 G11.6 3:15 BREAK
ANNEALING OF ION IMPLANTED TIN IN SILICON: A
RBS/CHANNELING, MOSSBAUER SPECTROSCOPY AND SESSION G13: ORDERING IN ALLOYS
TEM INVESTIGATION OF SOLUBILITY AND RESIDUAL Chair: K. E. Newman
DEFECTS, P. Kringhdj, A. Nylandsted Larsen, Wednesday Afternoon, November 29
and J.W. Petersen, University of Aarhus, Salon F (M)
Institute of Physics, Aarhus C, Denmark.

3:45 *G13,.
11:45 G11.7 ORDERING IN III/V ALLOYS, G.B. Stringfellow,
EXTREME SUPERSATURATION OF OXYGEN IN LOW- University of Utah, College of Engineering,
TEMPERATURE EPITAXIAL SILICON AND SILICON- Salt Lake City, Utah.
GERMANIUM ALLOYS, P.V. Schwartz, J.C. Sturm,
and P.M. Garone, Princeton University, 4:15 G13.2
Department of Electrical Engineering, COMPARISON OF ORDERED AND MODULATED STRUC-
Princeton, NJ; S.A. Schwarz, Bellcore, Red TURES IN InGaP ALLOY SEMICONDUCTORS GROWN BY
Bank, NJ. MOCVD, CHLORIDE-VPE AND LPE METHODS, 0.

Ueda, M. Hoshino, M. Takechi, and M. Ozeki,
SESSION G12: DIFFUSION IN COMPOUNDS Fujitsu Laboratories Ltd., Atsugi, Japan;

Chair: L. C. Kimerling T. Kato and T. Matsumoto, Yamanashi Univer-
Wednesday Afternoon, November 29 sity, Engineering Department, Kofu, Japan.

Salon F (M)
4:30 G13.3

1:30 *GI2.1 ATOMIC ORDERING AND ALLOY CLUSTERING IN MBE-
DIFFUSION IN INHOMOGENEOUS SYSTEMS, STUDIED GROWN InAs Sbly EPILAYERS, T.Y. Seong, A.G.
AT NEAR-ATOMIC RESOLUTION, L Quaz, J. Norman, G. Booker, University of Oxford,
Cunningham, Y. Kim and M. Bode, AT&T Bell Department of Metallurgy and Science of
Laboratories, Holmdel, NJ. Materials, Oxford, United Kingdom; R.

Droopad, R.L. Williams, S.D. Parker, P.D.
2:00 G12.2 Wang and R.A. Stradling, Imperial College of

GROWTH OF GaAs ON Ge SUBSTRATES BY ATOMIC Science, Technology and Medicine, Department
LAYER EPITAXY, J. Ra_ dni, B.T. McDermott, of Physics, London, United Kingdom.
N. El-Masry, and S.M. Bedair, North Carolina
State University, Electrical and Computer SESSION G14: SUPERLATTICES -
Engineering Department, Raleigh, NC. ELECTRONIC STRUCTURE

Chair: K. K. Bajaj
2:15 G12.3 Thursday Morning, November 30

EXTREMELY RAPID SN DIFFUSION IN GAAS AND Salon F (M)
(AL,GA)AS, T.F. Kuech, M. Goorsky, F.
Cardone, G. Scilla and R. Potemski, IBM T.J. 8:00 *G14,1
Watson Research Center, Yorktown Heights, LIGHT- AND HEAVY-HOLE BOUND EXCITON TRANSI-
NY. TIONS AND FREE TO BOUND TRANSITIONS IN

GaxAllxAs/GaAs QUANTUM WELLS, Donald C.
2:30 G12.4 Ryld, Wright Research and Development

DIFFUSION OF ION IMPLANTED MAGNESIUM AND Center, Electronic Technology Laboratory,
BERYLLIUM IN GALLIUM ARSENIDE, -G Wright-Patterson AFB, OH; and Krishan K.
Robinson, Michael D. Deal and David A. Bajaj, Arizona State University, Tempe, AZ.
Stevenson, Stanford University, Department
of Materials Science and Engineering, Stan- 8:30 G14.2
ford, CA. DECAY MEASUREMENTS ON FREE AND BOUND EXCITON

RECOMBINATION IN DOPED GaAs/AlGaAs QUANTUM
2:45 G12.5 WELLS, P. Beruman, P.O. Holtz, B. Monemar,

DEFECT FORMATION DURING Zn DIFFUSION INTO Link6ping University, Department of Physics
GaAs, M. Liuysbyg, W. JAger, and K. Urban, and Measurement Technology, Link6ping,
KFA Jilich, Institut f~r Festkdrperfor- Sweden; M. Sundaram, J.L. Merz and A.C.
schung, West Germany; M. Perret, N. Gossard, University of California at Santa
Stolwijk, and H. Mehrer, Universit~t Mans- Barbara, Department of Electrical and Com-
ter, Institut fir Metallforschung, Minster, puter Engineering, Santa Barbara, CA.
W. Germany.

3:00 G2
ROOM-TEMPERATURE DIFFUSION OF Mn IN CdTe AND
THE FORMATION OF Cdl.xMnxTe, A. Wall, A.
Raisanen, G. Haugstad and A. Franciosi,
University of Minnesota, Department of
Chemical Engineering and Material Science,
Minneapolis, MN.
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8:45 G14.3 11:15 G15.3

EFFECTS OF CONFINEMENT ON THE OPTICAL PROP- ELECTRIC FIELD ENHANCEMENT OF THE EMISSION
ERTIES OF A SHALLOW ACCEPTOR AND ITS BOUND RATE OF DX CENTERS, Mimoun Zazoui, Song L.
EXCITON IN GaAs/AlGaAs QUANTUM WELLS, P.O. Feng, Jacaues C. Bouraoin, and Hans J. Von
HQIz, Link6ping University, Department of Bardeleben, Universite Paris VII, Centre
Physics and Measurement Technology, Linkop- National de la Recherche Scientifique,
ing, Sweden and University of California, Groupe de Physique des Solides de 1'Ecole
Santa Barbara, Department of Electrical and Normale Superieure, Paris, France.
Computer Engineering, Santa Barbara, CA; M.
Sundaram, J.L. Mer2 and A. C. Gossard, 11:30 G15.4
University of California, Santa Barbara, OPTICALLY DETECTED MAGNETIC RESONANCE OF
Department of Electrical and Computer En- GROUP IV AND GROUP VI DONORS IN
gineering, Santa Barbara, CA. AlxGalXAs/GaAs (x0.35) HETEROSTRUCTURES,

E. Glaser, T.A. Kennedy and B. Molnar, Naval9:00 G14.4 Research Laboratory, Washington, DC.
OPTICAL SPECTROSCOPY OF 2D ELECTRONS CON-
FINED AT A GaAs/AlGaAs HETEROINTERFACE IN A 11:45 G15.5
TRANSVERSE ELECTRIC FIELD, O.X. Zhao, P. OPTICAL PROPERTIES OF EXTREMELY HEAVILY
Bergman, B. Monemar, Linkoping University, DOPED n-GaAs, Huade Yao, University of
Physics and Measurement Technology, Link- Nebraska, Center for Microelectronic and
6ping, Sweden; P.-O. Holtz, Linkbping Uni- Optical Materials Research, Lincoln, NE; and
versity, Physics & Measurement Technology, Alvin Compaan, University of Toledo, Depart-
Link6ping, Sweden and University of Califor- ment of Physics and Astronomy, Toledo, OH.
nia, Santa Barbara, Electrical & Computer
Engineering, Santa Barbara, CA; C. Hallin, SESSION G16: DX CENTERS II
Linkoping University, Physics & Measurement Chair: P. M. Mooney
Technology, LinkZping, Sweden; M. Sundaram, Thursday Afternoon, November 30
J.L. Merz and A.C. Gossard, University of Salon F (M)
California, Santa Barbara, Electrical & Com-
puter Engineering, Santa Barbara, CA. 1:30 *GI6.1

THEORY OF EL2 AND DX CENTERS, D __hd,
9:35 G.lA 85 Xerox, Palo Alto Research Center, Palo Alto,

DEFECT INDUCED LUMINESCENCE FROM MBE PRE- CA.
PARED Si/Sil_xGeX  SUPERLATTICES, G.A.
Northrop, S.S. Iyer, and D.J. Wolford, IBM 2:00 G16.2
T.J. Watson Research Center, Yorktown IS DX(Te) CENTER IN AlxGal_xAs A NEGATIVE-U
Heights, NY. DEFECT? L. Dobac2ewski, J.E. Dmochowski, P.

Kaczor, J. Wr6bel and J.M. Langer, Polish9:30 * Academy of Sciences, Institute of Physics,
SHALLOW-DEEP TRANSITIONS AND DEEP LEVELS IN Warsaw, Poland.
SUPERLATTICES, John D. Dow, S.Y. Ren, J.
Shen, R.-D. Hong, D.A. Drabold, O.F. Sankey, 2:15 G16.3
M.-H. Tsai, S. Klemm and P.A. Fedders, PHOTOIONIZATION AND PHOTOCAPTURE TESTS OF
University of Notre Dame, Department of DX-CENTER MODELS, Harold P. Hjalmarson, S.R
Physics, Notre Dame, IN. Kurtz and T.M. Brennan, Sandia Nationai
10:00 BREAK Laboratories, Albuquerque, NM.

2:30 16i.ASESSION G15: DX CENTERS I MOSSBAUER STUDY OF THE DEFECT STRUCTURES
Chair: H. P. Hjalmarson AROUND Te IMPLANTED IN AlxGaj_4As, H.

Thursday Morning, November 30 Bemelmans and G. Langouche, IKS, University
Salon F (M) of Leuven, Leuven, Belgium; and G. Borghs,

10:30 *IMEC, Leuven, Belgium.

THE DX CENTER: EVIDENCE FOR CHARGE CAPTURE 2:45 G16.5
VIA AN EXCITED INTERMEDIATE STATE, T..N. THE METASTABILITY OF THE EL2 DEFECT IN GaAs
Theis and Patricia M. Mooney, IBM T.J. 3-5 ALLOYS, Hans J. Von Bardeleben and
Watson Research Ctr., Yorktown Heights, NY. Jacques C. Bourgoin, Universite Paris VII,

Centre National de la Recherche Scientif-
11:00 G15.2 ique, Groupe de Physique des Solides de
EFFECT OF LOCAL ATOMIC CONFIGURATION ON DX l'Ecole Normale Superibure, Paris, France.
ENERGY LEVEL, T and M. Mizuta, NEC
Corporation, Fundamental Research Labora- 3:00 BREAK
tories, Ibaraki, Japan; T. Fujisawa, J.
Yoshino and H. Kukimoto, Tokyo Institute of
Technology, Yokohama, Japan.
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SESSION G17: EL2 DEFECTS G18.3 ANOMALOUS TRANSIENT TAIL DIFFUSION
Chair: D. J. Chadi OF BORON IN SILICON: CONCENTRATION DEPEN-

Thursday Afternoon, November 30 DENCE VERSUS SPATIAL DEPENDENCE, N.E.B.
Salon F (M) Cowern, Nederlandse Philips Bedrijven, Corp.

OSA CAD Centre, CFT Automation Eindhoven,
3:30 *G1T.1 The Netherlands; H.F.F. Jos, Philips Com-
PROGRESS IN UNDERSTANDING THE OPTICAL ponents, Nijmegen, The Netherlands; and
PROPERTIES OF EL2, G.A. Baraff, AT&T Bell K.T.F. Janssen, Philips Research Labora-
Laboratories, Murray Hill, NJ. tories, Eindhoven, The Netherlands.

4:00 G17.2 G18.4 RAPID THERMAL PROCESS-INDUCED
DIRECT OPTICAL DETERMINATION OF THE CROSS- DEFECTS: GETTERING OF THE INTERNAL AND
SECTION FOR LIGHT INDUCED METASTABLE TRANSI- EXTERNAL CONTAMINANTS, B. Hartiti, W.
TION OF THE EL2 DEFECT, W. Kuszko, M. Eichhammer, J.C. Muller, and P. Siffert,
Jezewski, J.M. Baranowski; Warsaw Univer- CNRS, Laboratoire PHASE, Strasbourg, France.
sity, Institute of Experimental Physics,
Warsaw, Poland. G18.5 OXYGEN AND IRON REDISTRIBUTION UPON

THERMAL TREATMENT IN IRON IMPLANTED SILICON,
4:15 G17.3 B. Pivac, A. Borghesi, Universita' di Pavia,

THE DOUBLE DONOR ISSUE OF THE EL2 DEFECT IN Dipartimento di Fisica, Pavia, Italy; L.
GaAs, M.O. Manasreh and Gail J. Brown, U.S. Ottolini, CNR, Centro di Studio per la
Air Force, WRDC/MLPO, Wright-Patterson AFB, Cristallografa Strutturale del CNR, Pava,
OH. Italy; M. Geddo, A. Piaggi and A. Stella,

Universita di Pavia, Dipartimento di Fisica,
4:30 G17.4 Pavia, Italy.

ABSOLUTE PRESSURE DEPENDENCE OF THE SECOND
IONIZATION LEVEL OF EL2 IN GaAs, D.E. Bliss, G18.6 ION BEAM ETCHING OF SILICON:
W. Walukiewicz, D.D. Nolte and E.E. Haller, IMPLANTATION AND DIFFUSION OF NOBLE GAS
University of California, Berkeley, Depart- ATOMS, AND GETTERING OF COPPER, William D.
ment of Materials Science and Mineral En- Sawyer and J6rg Weber, Max-Planck-Institut
gineering, and the Center for Advanced fdr Festkdrperforschung, Stuttgart, West
Materials, Lawrence Berkeley Laboratory, Germany.
Berkeley, CA.

G18.7 BEHAVIOR OF POINT DEFECTS IN FZ AND
4:45 *G17.5 CZ Si CRYSTALS, Takao Abe, Shin-Etsu Hand-

THE SYMMETRY OF THE EL2 DEFECT IN GaAs, P. otai, R&D Center, Isobe, Japan.
Trautman and J.M. Baranowski, Warsaw Univer-
sity, Institute of Experimental Physics, G18.8 AN IMPROVED MODEL FOR COMPUTER
Warsaw, Poland. SIMULATION OF OXYGEN PRECIPITATION PHENOME-

NA, M. Schrems, P. Pongratz, H.W. Potzl, TU-
SESSION G18: GROUP IV SEMICONDUCTORS Vienna, Vienna, Austria; E. Guerrero, D.

AND HYDROGEN - POSTER SESSION Huber, Wacker, Chemitronic/AT, Burghausen,
Chair: J. Bernholc West Germany.

Thursday Evening, November 30
7:00 p.m. - 10:00 p.m. G18.9 FAILURE OF THE "KICK-OUT" MODEL FOR
America Ballroom (W) THE DIFFUSION OF Au INTO Si WHEN TESTED BY

MONTE CARLO SIMULATION, Uwe Schmid, Max-
G1S.1 AN ANOMALOUS VACANCY DIFFUSION IN Planck-Institut fdr Festk6rperforschung,
SILICON DURING THE ANTIMONY DRIVE-IN DIF- Stuttgart, West Germany; and James A. Van
FUSION, W. Wijaranakula and J.H. Matlock, Vechten, Oregon State University, Department
SEH America, Inc., Materials Characteriza- of Electrical and Computer Engineering,
tion Laboratory, Vancouver, WA. Corvallis, OR.

G18.2 A COMPARISON OF THE DIFFUSIVITY OF G38,1 DIFFUSION OF POINT DEFECTS IN A
AS AND GE IN SI AT HIGH DONOR CONCENTRA- STRESSED SIMPLE CUBIC LATTICE, Dimitris
TIONS, K. Kyllesbech Larsen, P. Gaiduk, and Maroudas and Robert A. Brown, Massachusetts
A. Nvlandsted Larsen, University of Aarhus, Institute of Technology, Department of
Institute of Physics, Aarhus C, Denmark. Chemical Engineering, Cambridge, MA.

G18.1 COMPUTER CALCULATION OF DIF-
FUSIVITY, EFFECTIVE ACTIVATION ENERGY AND OF
ACTIVATION ENERGY DIMINUTION FROM MEASURED
PROFILE OF IMPURITY DISTRIBUTIONS IN SILI-
CON, D.K. An, Microelectronics Company,
Budapest, Hungary.
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G18.12 DEFECTS IN DOPED SILICON EPILAYERS G18.19 STRAIN INDUCED INTRINSIC QUANTUM
STUDIED WITH VARIABLE-ENERGY POSITRONS AND WELLS AS THE ORIGIN OF BROAD BAND PHOTOLUMI-
MeV IONS, P.J. Simpson, P.J. Schultz, R.W. NESCENCE IN SILICON CONTAINING EXTENDED
Hunt, I.V. Mitchell, University of Western DEFECTS, Helge Weman and Bo Monemar, Linkbp-
Ontario, Ontario, Canada; T.E. Jackman, and ing University, Department of Physics and
G.C. Aers. National Research Council of Measurement Technology, Link6ping, Sweden.
Canada, Ontario, Canada.

G18.20 A HVEM STUDY OF THE ELECTRON IR-
G18.13 ANGLE RESOLVED XPS ANALYSIS OF RADIATED DEFECTS IN NITROGEN DOPED FZ-Si,
SURFACE DEFECTS IN HIGH-DOSE Sb+ IMPLANTED Gao Yuzun, General Research Institute for
MONOCRYSTALLINE SILICON, K , G. Non-Ferrous Metals, Beijing, China; and T.
Chaussemy, A. Laugier, I.N.S.A. Lyon, Lab- Takeyama, Hokkaido University, HVEM Lab,
oratoire de Physique de la Matiere, Villeur- Sapporo, Japan.
banne, France; M. Charbonnier, CNRS, Univer-
site Lyon I, Department de Chimie Appliquee G18.21 IDENTIFICATION OF RADIATION-INDUCED
et Genie Chimique, Villeurbanne, France; B. DEFECTS IN Si:Al, Ya.I. Latushko, V.V.
Canut, Universitd Claude Bernard - Lyon I, Petrov, Lenin Byelorussian State University,
Department de Physique des Materiaux, Vil- Laboratory Spectroscopy of Semiconductors,
leurbanne, France. Minsk, USSR.

G18.14 MODIFIED OPTICALLY DETECTED MAG- G18.22 DEFECT-FORMATION DEPENDENCE ON
NETIC RESONANCE TECHNIQUE FOR STUDIES OF GROUP V-DOPANT ATOMS IN ELECTRON-IRRADIATED
DEFECTS IN Si AND GaAs, W.M. Chen and B. SILICON, 0.0. Awadelkarim, A. Henry, B.
Monemar, Link6ping University, Department of Monemar, Link6ping University, Department of
Physics and Measurement Technology, Linkop- Physics and Measurement Technology,
ing, Sweden. Link6ping, Sweden; and J.L. Lindstr6m,

Swedish Defence Research Establishment,
G18.15 OPTICAL PROPERTIES OF NOVEL VIBRO- Link6ping, Sweden.
NIC BANDS IN ELECTRON-IRRADIATED TIN DOPED
SILICON, J.H. Svensson, B. Monemar, Linkop- G18.23 ELECTRONIC STRUCTURE OF VACANCY-
ing University, Department of Physics and PHOSPHORUS IMPURITY COMPLEXES IN SILICON,
Measurement Technology, Link6ping, Sweden; Hongi xu, University of Lund, Department of
B.G. Svensson, The Royal Institute of Tech- Theoretical Physics, Lund, Sweden; and U.
nology, Department of Solid State Electron- Lindefelt, ABB Corporate Research, VasterAs,
ics, Kista, Sweden. Sweden.

G18.16 A NEW METASTABLE DEFECT IN SILICON, G18.24 A SIMPLE MODEL FOR DEFECT STRUCT-
AN OPTICAL STUDY AND AN INVESTIGATION OF THE URES IN SILICON, G.J. Ackland and V. Vitek,
MECHANISM CAUSING THE CONFIGURATIONAL University of Pennsylvania, Department of
CHANGE, J.H. Svensson and B. Monemar, Materials Science and Engineering, Philadel-
Link6ping University, Department of Physics phia, PA.
and Measurement Technology, Link6ping,
Sweden. G18.25 NEW DLTS PEAKS ASSOCIATED WITH NEW

DONORS AND ROD-LIKE DEFECTS IN CZOCHRALSKI
G18.17 NOVEL LUMINESCENCE BAND IN SILICON SILICON, Yoichi Kamiura, Fumio Hashimoto and
IMPLANTED WITH PHOSPHORUS AND BORON, A.K. Minoru Yoneta, Okayama University, Faculty
Srivastava, D.K. Sharma, and K.L. of Engineering, Okayama, Japan.
Narasimhan, Tata Institute of Fundamental
Research, Bombay, India; D. Sarkar and V. G18.26 MULTICONFIGURATIONAL CARBON-GROUP V
Premchandran, Indian Telephone Industries, PAIR DEFECTS IN SILICON, E. Grer and B.W.
Bangalore, India. Benson, Lehigh University, Physics

Department, Bethlehem, PA.
G1L.18 UNIAXIAL STRESS AND ZEEMAN MEASURE-
MENTS ON THE 0.943eV LUMINESCENCE BAND IN G18.27 THE ROLE OF FOUR-MEMBER RING DEFECT
SILICON, M.C. do Carno, Universidade de STRUCTURES CONTAINING CARBON, NITROGEN, AND
Aveiro, Departmente de Fisica, Aveiro, OXYGEN IN CRYSTALLINE SILICON, Lawrence C.
Portugal; K.G. McGuigan, M.O. Henry, Dublin Snyder, Rongzhi Wu, and Peter Deak, State
City University, School of Physical Scien- University of New York at Albany, Chemistry
ces, Dublin, Ireland; G. Davies and E.C. Department, Albany, NY; and James W.
Lightowlers, Kings College, Department of Corbett, State University of New York at
Physics, London, United Kingdom. Albany, Albany, NY.
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MOLECULAR DYNAMICS STUDIES OF G18.36 POSITRON ANNIHILATION IN DIAMONDS,
DISLOCATION CORES IN SI, M.S. Duesbery, D.J. U. Karfunkel, M.C. Stemmet, S.H. Connell,
Michel, Naval Research Laboratory, Washing- J.P.F. Sellschop, University of the
ton, DC; and B. Joos, Ottawa-Carleton In- Witwatersrand, Schonland Research Centre,
stitute for Physics, Ottawa, Canada. Johannesburg, South Africa; and M. Moussavi-

Madani, University of Bophuthatswana, De-
G18.29 HYDROGEN INDUCED DEFECTS AT SILICON partment of Physics, Bophuthatswana, South
EPITAXIAL SURFACES AND BURIED MISFIT DIS- Africa.
LOCATIONS, Tian-Oun Zhou, Zbigniew J.
Radzimski, Zhigang Xiao, George A. Rozgonyi, G18,3 STRUCTURAL AND ELECTRONIC PROPER-
North Carolina State University, Department TIES OF SUBSTITUTIONAL DEFECTS IN DIAMOND,
of Materials Science and Engineering, Koblar A. Jackson, Mark R. Pederson, Naval
Raleigh, NC. Research Laboratory, Complex Systems Theory

Branch, Washington, DC; and Joseph G.
G18.30 TEM INVESTIGATION OF SECONDARY Harrison, University of Alabama-Birmingham,
DISLOCATIONS IN GRAIN BOUNDARIES IN GER- Birmingham, AL.
MANIUM, M. Griess, M. Seibt, University of
Gottingen, IV. Physikalisches Institut, G18.38 SURFACE AND BULK PROPERTIES WHICH
Gottingen, West Germany; H.J. Mdller, Case INFLUENCE ION-BEAM HYDROGENATION OF SILICON,
Western Reserve University, Department of Robert A. Anderson and Carleton H. Seager,
Materials Science and Engineering, Cleve- Sandia National Laboratories, Albuquerque,
land, OH. NM.

G18,3 AC PHOTOVOLTAIC INSPECTION OF P-N G1L3 ELECTRONIC AND VIBRATIONAL PROPER-
JUNCTIONS HAVING HIGH LEAKAGE CURRENT, H, TIES OF GROUP V DONOR-HYDROGEN COMPLEXES IN
Honma, H. Shimizu, C. Munakata, Hitachi, CRYSTALLINE SILICON, L.V.C. Assali, E.C.F.
Ltd., Central Research Laboratory, Tokyo, da Silva, and J.R. Leite, Universidade de
Japan; and M. Ogasawara, Hitachi, Ltd., Sgo Paulo, Instituto de Fisica, Sao Paulo,
Device Development Center, Tokyo, Japan. Brazil.

G18,32 RIBBON-LIKE DEFECTS IN HIGH-DOSE G18.40 EXTREME SUPERSATURATION OF OXYGEN
OXYGEN IMPLANTED SILICON-ON-INSULATOR MATER- IN LOW-TEMPERATURE EPITAXIAL SILICON AND
IAL, S. Visitserngtraku, AZ State Univer- SILICON-GERMANIUM ALLOYS, P.V. Schwartz,
sity, Department of Chemical, Bio and J.C. Sturm and P.M. Garone, Princeton Uni-
Materials Engineering, Tempe, AZ; J. Barry, versity, Department of Electrical Engineer-
University of Queensland, Electron Micro- ing, Princeton, NJ; S.A. Schwarz, Bellcore,
scope Centre, Brisbane, Australia and AZ Red Bank, NJ.
State University, Ctr. for Solid State
Science, Tempe, AZ; S. Krause, AZ State G18,41 SURFACE PROTECTION DURING PLASMA
University, Department of Chemical, Bio and HYDROGENATION FOR ACCEPTOR PASSIVATION IN
Materials Engineering, Tempe, AZ. InP, J_ a, W.C. Dautremont-Smith, S.J.

Pearton, J.W. Lee, N.T. Ha, and H.S.
G 1  THE ENHANCEMENT OF THE INTERDIF- Luftman, AT&T Bell Laboratories, Murray
FUSION IN Si/Ge AMORPHOUS MULTILAYERS BY Hill, NJ.
ADDITIONS OF Au AND B, B. Park and F.
Spaepen, Harvard University, Division of S.42 INTERDIFFUSION MEASUREMENTS IN
Applied Sciences, Cambridge, MA; J.M. Poate SLGe/Si STRAINED LAYER SUPERLATTICES, S.M.
and D.C. Jacobson, AT&T Bell Laboratories, Prokes, M. Fatemi, U.S. Naval Research
Murray Hill, NJ. Laboratory, Washington, DC; and K. Wang,

University of California, Los Angeles,
G18.4 STRUCTURAL TRANSITIONS IN TITANIUM/ Department of Electrical Engineering, Los
AMORPHOUS-SILICON MULTILAYER THIN FILMS, Angeles, CA.
L.A. Clevenger, E. Ma and C.V. Thompson, MA
Institute of Technology, Department of G18A4 ELECTRONIC STRUCTURE OF AN ISO-
Materials Science and Engineering, Cam- ELECTRONIC CENTER IN SULPHUR-DOPED SILICON
bridge, MA; R.R. deAvillez, Pontificia STUDIED BY OPTICAL DETECTION OF MAGNETIC
Universidade Catolica, Departamento de RESONANCE, W.M. Chen, A. Henry, B. Monemar,
Ciencia dos Materiais e Metalurgia, Rio de Link6ping University, Department of Physics
Janeririo, Brazil; and K.N. Tu, IBM T.J. and Measurement Technology, Link6ping,
Watson Research Ctr., Yorktown Heights, NY. Sweden; and M.L.W. Thewalt, Simon Fraser

University, Department of Physics, Burnaby,
G INTERFACIAL REACTION BETWEEN Ni/Ge Canada.
BILAYER AND SILICON (100) SUBSTRATE, Jian
Li, Q.Z. Hong, and J.W. Mayer, Cornell
University, Department of Materials Science
and Engineering, Ithaca, NY.
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G18.44 AN ELECTRON PARAMAGNETIC RESONANCE SESSION G19: DOPING IN III-V's
INVESTIGATION OF IRON-INDIUM PAIRS IN SILI- Chair: R. C. Newman
CON, W. Gehlhoff, Academy of Sciences of Friday Morning, December 1
GDR., Centre for Scientific Instruments, Salon F (M)
Berlin, East Germany; P. Emanuelsson, P.
Omling and H.G. Grimmeiss, University of 8:30 *G19.1
Lund, Department of Solid State Physics, ELECTRON SCATTERING BY NATIVE DEFECTS IN
Lund, Sweden. UNIFORMLY- AND MODULATION-DOPED SEMICONDUC-

TOR STRUCTURES, W. Walukiewicz, Lawrence
G18.4 THE VERY EARLY STAGES OF INITIAL Berkeley Laboratory, Center for Advanced
OXIDATION OF SILICON (111) IN ATOMIC OXYGEN, Materials, Materials and Chemical Sciences
Bhola N. De, Jane E. Peterkin, Jane Hruska, Division, Berkeley, CA.
Yong Zhao, N.J. lanno, and John A. Woollam,
University of Nebraska, Center for Micro- 9:00 G19.2
electronics and Optical Materials Research ACCEPTOR DELTA-DOPING IN GaAs, WS. Hobson,
and Department of Electrical Engineering, S.J. Pearton, and C.R. Abernathy, AT&T Bell
Lincoln, NE. Laboratories, Murray Hill, NJ; and G.

Cabaniss, Solecon Laboratories, San Jose,
G18 HYDROGEN PASSIVATION STUDIES IN CA.
DISLOCATED CZ AND FZ SILICON, C. Dube, J.P.
Kalejs, and S. Rajendran, Mobil Solar Energy 9:15 G19.3
Corporation, Billerica, MA. PRECIPITATION PHENOMENA ASSOCIATED WITH

ULTRA-HIGH Be DOPING OF Ga0 .4 71n0 .53As BY
G18.47 ENHANCEMENT OF OXYGEN PRECIPITA- MBE, C.M. Cotell, M.B. Panish, R. A. Hamm,
TION IN QUENCHED CZOCHRALSKI SILICON L.C. Hopkins and J.M. Gibson, AT&T Bell
CRYSTALS, A.,Har, T. Fukuda, I. Harai, and Laboratories, Murray Hill, NJ.
A. Ohsawa, Fujitsu Laboratories Ltd.,
Kawasaki, Japan. 9:30 G19.4

CHARACTERISTICS OF DOPING AND DIFFUSION OF
G184 DIVACANCY TRANSFORMATIONS IN HEAVILY DOPED N AND P TYPE InP AND InGaAs
ELECTRO-IRRADIATED SILICON, J.H. Robison and EPITAXIAL LAYERS GROWN BY METALORGANIC
A.E. Jaworowski, Wright State University, CHEMICAL VAPOR DEPOSITION, C.J. Pinzone,
Physics Department, Dayton, OH. N.D. Gerrard, R.D. Dupuis, N.T. Ha and H.S.

Luftman, AT&T Bell Laboratories, Materials
G18,49 DETERMINATION OF 3-DIMENSIONAL Science Research Department, Murray Hill,
DEFECT STRUCTURES IN GALLIUM ARSENIDE EPI- NJ.
LAYERS ON SILICON USING WHITE BEAM SYNCHRO-
TRON RADIATION TOPOGRAPHY IN BOTH TRANSMIS- 9:45 G19.5
SION GEOMETRY AND GRAZING BRAGG LAUE GEOME- EFFECTS OF Si INCORPORATION AND ELECTRICAL
TRY, M. Dudley, J. Wu and G.-D. Yao, State ACTIVATION ON INTERSUBBAND OPTICAL ABSORP-
University of New York at Stony Brook, TION IN GaAs/AlGaAs MULTIPLE QUANTUM WELLS,
Department of Materials Science and En- J.D. Ralston, H. Ennen, M. Maier, M.
gineering, Stony Brook, NY; H.-Y. Liu and Ramsteiner, B. Dischler, and P. Koidl,
Y.C. Kao, Texas Instruments, Materials Fraunhofer-Institut far Angewandte Festkbr-
Science Laboratory, Dallas, TX. perphysik, Freiburg, West Germany.

G18.50 DIFFUSION OF Au IN AMORPHOUS Si 10:00 BREAK
MEASURED BY THE COMPOSITION MODULATION
TECHNIQUE, E. Nygren, Ohio State University, SESSION G20: SUPERLATTICES - DIFFUSION
Department of Materials of Science and Chair: J. A. Van Vechten
Engineering, Columbus, OH; B. Park and F. Friday Morning, December 1
Spaepen, Harvard University, Division of Salon F (M)
Applied Sciences, Cambridge, MA.

10:30 *G20.1

G1L51 HYDROGEN DIFFUSION AND COMPLEX IMPURITY-INDUCED LAYER DISORDERING: CURRENT
FORMATION IN SILICON, J.T. Borenstein, Mobil UNDERSTANDING AND AREAS FOR FUTURE INVESTI-
Solar Energy Corporation, Billerica, MA; D. GATION, L G and N. Holonyak, Jr.,
Tulchinski and J.W. Corbett, State University of Illinois, Department of Elec-
University of New York at Albany, Physics trical Engineering, Urbana, IL.
Department, Albany, NY.
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11:00 G20.2
BEHAVIOR OF DOPANT-RELATED DEFECTS IN AlGaAs
SUPERLATTICES, N.D. Theodore, Cornell Uni-
versity, Department of Materials Science and
Engineering, Ithaca, NY; P. Mei, Columbia
University, Department of Electrical En-
gineering, New York, NY; C.B. Carter, Cor-
nell University Department of Materials
Science and Engineering, Ithaca, NY; C.
Palmstrom, S.A. Schwarz, J.P. Harbison, L.T.
Florez, Bell Communications Research Inc.,
Redbank, NJ.

11:15 G20.3
INTERDIFFUSION BEHAVIOR OF SYMETRICALLY
STRAINED GemSim SUPERLATTICES, P.M. Adams,
R.C. Bowman Jr., The Aerospace Corporation,
Los Angeles, CA; S.J. Chang, V. Arbet and
K.L. Wang, University of California, Los
Angeles, Department of Electrical Engineer-
ing, Los Angeles, CA.

11:30 *G20.4
DIFFUSION MECHANISMS IN GaAs AND GaAs-BASED
LAYERED STRUCTURES, U. G6sele, Duke Univer-
sity, School of Engineering, Durham, NC; and
T.Y. Tan, Duke University, School of En-
gineering, Durham, NC, and Microelectronics
Center of North Carolina, Research Triangle
Park, NC.
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G1 .1 StolwiJk (Inst. fir Metallforschung, Univ. Mnster,

HIGH RESOLUTION SPECTROSCOPY OF POINT DEFECTS IN D-4400 Manster, FRG)
SEMICONDUCTORS. H. G. Grimmeiss. M. Kleverman and The neutral charge state of the double acceptor zink
J.Olajos, Department of Solid State Physics, University of Lund, in silicon is investigated by infrared absorption
Box 118, S-221 00 LUND, Sweden. and photoconductivity measurements. In both types of

experiments the photoionization of the ZnO center is
For a better understanding of the behavior of defects and observed. The spectral line shape and the numerical
impurities in semiconductors a variety of measuring techniques value of the optical cross section agrees with the
have been developed for characterizing and identifying their previously reported photo capacitance data.

electronic properties. In general, a comprehensive charac- n infrared absorption and photoconductivity mea-
terization and identification of shallow and deep centers is only surements bound-to-bound transitions of the Zno

possible if several different measurement techniques are applied, center are observed. The excited states are de-
scribed by effective mass theory, as in the case of

In this paper we illustrate and discuss briefly recent developments hydrogen-like shallow single acceptors. The
in high resolution spectroscopy of point defects with particular observation of Fano resonances of the 0' phonon(64.3

mev) underlines the effective-mass-like character ofemphasis on photothermal ionization spectroscopy (PTIS). PTIS the wave functions. The ionization energy of the Zno

and absorption possess many common features, but nevertheless acceptor state is found to be 319.1 +/- 0.2 meV.
have interesting differences. Both techniques give very detailed
information on the energy structures of defects. For purposes of Similar to the double acceptor zink in germanium a
chemical identification and correlation we also present results splitting of ground state due to the
which have been obtained from other experimental methods hole-hole-interaction is observed.
such as EPR, photo-EPR and junction space charge techniques. All
centers discussed in this paper show a manifold of sharp lines in GI.4
PTIS and absorption which allow a detailed analysis not only of PRESSURE DEPENDENCE OF A DEEP EXCITONIC LEVEL IN
the energy structure, but also of the symmetry and charge state. SILICON.* G.A. Northrop and D.J. Wolford, IBM Thomas J.
Both interstitial and substitutional as well as pairs of defects have Watson Research Center, Yorktown Heights, NY 10598.
been studied. Impurities from different groups of the Periodic
Table and in particular of different transition metals in silicon are Certain optically active defects in silicon provide a unique opportunity
used as examples in order to illustrate the importance of to observe, in detail, the effect of hydrostatic pressure on a deep level.dffse rlesn mreasret iutehe foracpe- o These defects are weakly coupled to the lattice and produce strong
combining different measurement techniques for a compre- luminescence signals, with intense no-phonon transitions precisely
hensive identification and characterization of point defects. marking the excitonic level. Here we present a photoluminescence (5

- 10O(K) study of one such defect - the 1, radiation-damage center -
G1.2 under high hydrostatic pressures (1-50 kbar). Surprisingly, the

INFRARED ABSORPTION STUDY OF ZINC-DOPED SILICON. luminescence intensity of i, drops by 3 orders of magnitude over that

E. Mr, J. Heyman, and E.E. Hailer, Center for Advanced range, becoming undetectable well-before level crossing with
Materials, Materials and Chemical Sciences Division, Lawrence continuum states, while the free exciton remains largely unchanged.

Berkeley Laboratory, and University of California, Berkeley, CA We find an initial pressure coefficient of -0.47 mcV/kbar, a result de-

94720 viating considerably from the -1.66 meV/khar we derive from the free
exciton for the indirect X bandgap, and thus indicating the presence

We report high resolution infrared absorption spectra associated of multi-band contributions characteristic of deep levels. Above -20

with the deep Zinc acceptor in silicon. The optical transitions kbar the 1, slope decreases to -0.25 meV/kbar, which is suggestive of

between ground and excited *p-like" states of the neutral helium- a crossing between radiative and nonradiative levels of the defect.

like double acceptor Zn o center have been observed for the first However, the PL temperature dependence and phonon-sideband

time. The absorption cross section for the hole transition is found structure show no change with pressure that would be consistent with

to be very small, of the order of 10-17 cm2 . Energy spacings of the such a crossing. Likewise, no decrease in thermal binding energy with
seriesae very s imilarofthor f t"  t ey spacings of the increasing pressure is observed. L.uminescence lifetime, for which pre-

P3/2 Rydberg series are very similar to the spacings of the group- liminary results will be presented, is the most sensitive test of any
III acceptors, suggesting, that, in spite of the large ground state change in the internal efficiencies of recombination at this defcct.
binding energy, effective-mass approximation still applies to the Other mechanisms for the drop in I, intensity, such as reduced capture
excited states. This represents one more case where the strong efficiency, will also be discussed.
central cell potential does not disturb the neutral helium-like
excited states. Similar observations have been made for the less *Supported in part by the U.S. Office of Naval Research under con-
deep neutral double acceptor Be, and for the chalcogen donors tract N00014-85-C-0868.
S, Se, and Te.
The optical ionization energy of Zn0 /- has been determined to be G1. 5
2575 cm-1 (0.319 eV). NEW ODMR OBSERVATIONS IN Zn-DOPED LEC InP AND Cr-
In addition two other sets of absorption lines related to zinc have AND Te- DOPED GaAs. J. M. Trombetta' and T. A. Kennedy, Naval
been observed at 2130 cm 1 and 2750 cm- 1 and their origin will Research Laboratory, Washington. DC, 20375.
be discussed.

While deep recombination centers in lnP and GaAs have been studied
supported by National Swiss Foundation for the Research. extensively with Optically Detected Magnetic Resonance (ODMR), the

participation of shallow centers has received limited attention. In this
G1.3 work, we repon an ODMR feature on the donor-acceptor pair (DAP)

emission at 1.37 eV in Zn-doped LEC-grown InP, having a g-value of
INFRARED STUDIES OF THE DOUBLE ACP"OR ZINK IN 1.21t.01, near the predicted conduction electron value (g=l.20). Pre-
SILICON. A. D8n, R. Kienle, K. Thonke (4. Phys. viously observed as a snarp line t , it is accompanied in our measure-
Inst. Univ. Stuttgart, D-7000 Stuttgart, FRG), P. ment by an underlying broader peak which varies in intensity and
Stolz, G. Pensl (Inst. fur Angewandte Physik, Univ. width with microwave modulation frequency and optical excitation in-
Erlangen, D-8520 Erlangen, FRG), D. Grlnebaum, N.D. tensity. This broader feature is interpreted as the unresolved electron-

hole exchange-split resonances of electrons bound to residual shallow
donors, having a range of separations from the acceptors. A new
photoluminescence-increasing detection of this resonance observed at
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higher modulation frequencies (e.g. 40 kHz) is tentatively assigned to [1], and there has been considerable speculation concerning the relation-
the spin dependence of the DAP emission itself while a decreasing sig- ship between the spectral features observed and specific dislocation
nal observed only at lower frequencies demonstrates the existence of a types and the nature of the electronic transitions involved. In a recent
an additional competing recombination process. An observation of a investigation of Si grown by molecular beam epitaxy [2] it was noted
new broad resonance in a Te- and Cr- doped LEC GaAs sample near that the D- band luminescence features were absent in the as-grown
the predicted conduction electron g-value of 0.4 will also be discussed. material, in spite of dislocation densities in the range 104- I0' cm-2

, but
that they could be introduced by deliberate contamination with Cu, Fe

This work sponsored in part by the Office of Naval Research and Ni. It was concluded that the D-bands must be associated with
* NRC-NRL Resident Research Associate decorated, as distinct from undecorated, dislocations.

1. L. H. Robins, P. C. Taylor, and T. A. Kennedy, Phys. K .v. B 38, In this paper we show that high purity FZ Si, free of transition metal
13227 (1988) contamination, carefully cleaned and then plastically deformed in a

clean metal-free environment to produce dislocation densities in the
G2. 1 range 10t-108cm 2 , does not show D-band luminescence, only a

broadening of the free and donor and acceptor bound-exciton features.
COMPLEX DEFECTS IN SEMICONDUCTORS. Very sharp D-band features can be created by subsequent deliberate
BMonemar Dept. of Physics and Measurement Technology, contamination with Cu, Fe or Ni. The relative intensities of the

luminescence feature vary with the dislocation density, but are virtuallyLinkoping University, S-581 83 Linkoping, SWEDEN. identical for the different metals except for a very small shift in energy.
Work is in progress aimed at creating specific types of dislocations to

Recent advances in the understanding of electronic structure investigate the possibility of developing a qualitative, or even quanti-
of complex defects in semiconductors are reviewed, in tative, photoluminescence assessment technique for dislocations in both
connection with new optical data for such defects both in Si and Ge. The state of progress will be reported.

Ill-V compounds and silicon. In GaP neutral complexes (1] R.Sauer, J. Weber, J. Stolz, E.R. Weber, K.H. Kusters and H.
related to AsG, antisites and Gai interstitials have been Alexander, Appl. Phys.A 36 1 (1985)

[2] V.Higgs, E.C. Lightowlers, G. Davies, F. Schaffler and E.investigated, and general trends for their properties may be Kasper, Semicond. Sci. Technol. In the press.
observed. Dynamical processes relevant for carrier capture
and recombination via such defects have also been G2.4
investigated. In silicon detailed information on complex PHOTOLUMINESCENCE EXCITATION SPECTROSCOPY OF
defects may be obtained from bound exciton spectroscopy MOCVD-GROWN GaAs:V. Y.J. Kao, and N.M.
on the neutral charge state. An interesting example Haegel, Dept. of Materials Science and
involving neutral chalcogen pairs, exhibiting both Engineering, University of California - Los
metastability and final state excitation effects, will be Angeles, Los Angeles, CA; and W.S. Hobson,discused y aAT&T Bell Laboratories, Murray Hill, NJ.discussed.

Vanadium is a substitutional impurity in GaAs
G2.2 which is known to have a strong intracenter
THE ELECTRONIC STRUCTUREOF INTERSTITIAL IRON IN luminescence transition centered at 1.8 Am. InSILICON this study, photoluminescence (PL) and

M. Kleverman, A-L Thilderkvist, G. Grossmann, J. Olajos, and photoluminescence excitation (PLE) spectro-
H. G. Grimmeiss, Department of Solid State Physics, scopies have been used to study theUniversit s of Lund, patmen of221 00 LUND, Sweden. characteristic V emissions of MOCVD-grown

s oGaAs:V. Some of the samples were additionally

A donor-like line spectrum in Fe-doped silicon has been doped with Si and/or Be in order to
studied by high-resolution Zeeman spectroscopy. Previous systematically vary the Fermi levels in the
work unambiguously identified the center as the interstitial epitaxial layer and change the charge state of
iron impurity and suggested that the spectrum is due to the the vanadium.
transitions Fei 0 + hv -* Fei+ + e-, where the excited electron
enters shallow effective-mass-like donor states. In the optical An analysis of the PLE spectrum with below-
excitation, different final core states (Fei +) are reached giving band-edge excitation showed that the dominant
rise to several superimposed shallow-donor spectra. V emission band of semi-insulating and p-type

samples arises from crystal-field transitions
The Zeeman splitting patterns show this interpretation to be of V"(3d-) ions. With above-band-edge
basically correct. The 2p± lines show a splitting similar to that excitation, an oscillatory behavior in the PLE
for shaflow donors, e.g. quadratic shifts and the characteristic spectrum of most samples was observed, similar
avoided crossing with the 3po line due to the non-linear terms to phenomena which have been reported in PLE
in the Zeeman Hamiltonian. studies of EL2. The intensitiy of these

oscillatory bands gradually diminished as the
This simple donor model is the basis for an analysis of the concentration of vanadium in the sample was
spectrum where all lines are observed to split into more increased.
components than given by the effective-mass approximation.
This is especially notable for the 2p 0 line for which three G2.5
non-thermalizing components are c early observed. This
additional splitting, attributed to the internal desrees of RADIATIVE AND NON RADIAuTVE RECOMINATIONS AT Er
freedom of the Fei + core, provides new detailed insight into CENTERS IN GaAlAs. Tha Benyattou, Djelloul Seghier, GO-rard
the level structure of the defect. QflJ, INSA de Lyon, LPM, 69621 Villeurbanne C dex (France); and

Pierre Galtier , Marie-Noelle Charasse, Thomson CSF/LCR. 91404

G2.3 Orsay C0dex (France).

D-BAND LUMINESCENCE IDENTIFIED WITH TRANSITION Photoluminescence (PL) of MBE Er doped GaQ 55A10 45 As has been
METAL DECORATED, AS DISTINCT FROM UNDECORATED studied under continuous and pulsed laser excitation. We report PL
DISLOCATIONS. V.Higgs, and E.C.Lightowlers, Physics Dept., spectra attributed to transitions from the two first excited states 4l1/2
King's College London, Strand, London, WC2R 2LS, U.K. and 4I 13/2 to the ground state 4I15I2. The PL intensity of these

nsirons shows a squar root dependence on the excitation power. The
Luminescence features associated with dislocations in Si, the D-bands, lifetime of these two levels have been measured as a function of
have been investigated in several laboratories during the past 13 years temperature and are found to be respectively 0.5ms and Ims at 10K
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which is comparable to decay times observed in insulators. AIGa,_As double heterostructures. The spatial distributions of
photoexcited carriers in these structures are observed to expand by

We have performed two beam-experiments in order to study and to find over an order of magnitude during their I gsec room temperature life-
the origin of the non radiafiv pr s. A pump beam is used to create a time. The expansion is diffusive, with a measured diffusion constant
constant population of Er (4 113r2) and a probe beam is used to create of 14 cm2/s at 300 K. This corresponds to a room temperature mobil-
electron-hole pairs. We found a decrease of PL intensity induced by the ity of 525 cm /Vsec, comparable to previously measured hole mobilities
probe beam so we conclude to the existence of losses associated with free ity ofcmar priy esure hle moiiescarriers (ie.Auger effect). in bulk p-type GaAs of similiar purity. These results are clear evidence

that the narrow, heavily doped layers effectively shield minority carri-
From pulsed experiments using pulsed pump beam, we have shown that ers from the interfaces, thereby reducing interface recombination.
the Auger effect occurs during the PL excitation. In view of recent results This work was supported in part by the Office of Naval Research un-
indicating that rare earths (RE) create an attractive potential for the der contract N00014-85-C-0868;f The Solar Energy Research Institute,
electrons, we propose the following model for the Er PL excitation Golden, CO under contract X-5-05018-2;Sl and Agreement

process : excitons bound to Er are created and decay non radiatively by 970-ERER-ER-87 with the New York State Energy Research and l)e-
energy transfer to the rare earth (which is the cause of the Er observed
PL) or to free carriers by Auger effect (which is the cause of the observed velopment Authority.t

losses). This model explains the square root dependence and can be a
good approach for all other RE doped M-V materials since most of them G3.2
present a sublinear PL dependence law. EVIDENCE FOR STRONG TRAPPING BY IONIZED DONORS OF FREE

EXCITONS IN EXCITED STATES. S_ Zeon and G. Lambert, GTE

G2.6 Laboratories, 40 Sylvan Road, Waltham, MA

CHARACTERIZATION OF DEEP-LEVEL DEFECTS IN SEMI-IN-
SULATING GaAs AND InP BY PHOTOINDUCED TRANSIENT A striking enhancement has been observed in the intensity of donor-related,

SPECTROSCOPY (PITS). Pawek Kamiriski, Institute of photoluminescencetransitionsinundoped(10
14
-10

15
cm-

3
),epitaxialGaAs

Electronic Materials Tecnnology, ul. Konstruktor- forexcitationenergies(E.) in the vicinity of the band-gap energy (Eg). En-
ska 6, 02-673 Warszawa, Poland hancement data wiH also be presented for a variety of other samples, includ-

ing GaAs heterostructures, substrates, and GaAs/Si as well as AIGaAs. In
Semi-insulating (SI) GaAs and InP are substrate some cases dramatic intensity increases of over two orders of magnitude
materials for manufacturing high speed electronic have been found, with donor-related transitions dominating acceptor-related
devices. Properties of these compounds, however, ones in the excitonic region of even ow-conmensatin, p-type material. The
are controlled by deep-level impurities and nati-
ve defects. This paper is aimed at showing the po- strongeffectsobservedhavebeencorrelatedtothepresenceofionized
tentialities of Photoinduced Transient Spectrosco- donors(D

+)
. Theenhancementwasmost readilyobservedfor(D°'h) and/or

py (PITS) for investigation of residual deep-level (D+,X). Photoluminescenceexcitation(PLE) spectra at 4.2 K showed that
defects in SI materials. We use the double-gated the effect has a maximum consistent with excitation of the n-3 state of the
box-car integrator to process the photocurrent fre exciton (Xn_3) and decreases ronotonically as E. increases to values as
transient similarly as in OLTS technique. much as 12 meV above Eg. A strong effect was also observed when pump-

The PITS spectra for Cr-doped and undoped LEC SI ingtheXn 2 transition, but only a weak one when pumping Xn.i. Thetwo

GaAs are compared. In the former, apart from chro- main PLE features at Xn. 2,3 are interpreted in terms of an enhancement of
mium acceptor level (0.88 eV) a number of other donor transitions due to trapping of X1 .2,3 by D

+
. Subsequently, this com-

traps are observed including that corresponding plex can transform into (D+,X..) as well as (DO h). The trapping of Xn.2,3 by
to iron contamination (0.52 eV) and to native de-
fects - EL2 (0.74 eV) and EL6 (0.31 eV). The de- D+ is apparently much more effective than that of X,. 1 . Since the long range
fect structure of the latter is also very complex attraction between D+ and Xn is due to interaction with the induced dipole,
and together with EL2 and EL6 several other traps then the interaction should be stronger as the exciton radius (and therefore
occur. The effect of the Fermi-level position and increases. Temperature, poiarization, and magnetic field data will be
charge carrier lifetime on PITS spectrum is dis- discussed.
cussed.

The PITS spectrum for Fe-doped LEC SI InP is shown. G3.3
The traps with thermal emission activation ener-
gies of 0.71 eV and 0.64 eV correspond, respecti- FORITION OF THE RED-SHIFT E1tISSIONS IN HEAVILY G NItWIUM-
vely, to hole and electron emission from deep ac- DOPD P-TYPE GAAs GRWN BY BE.Y.MAKITA, A.YAMADA,H.SHIBATA,

ceptor level associated with Fe in (0/-) charge N.OtISHI ,A.C.BEYE, and K.M.MAY11, Electrotechnical,Laborato-

state. The 0.35 eV and 0.23 eV traps are presuma- ry,1-1-4 UMezono,Tsul uba-shi, 305,Japan.

bly attributed to some Fe-related complexes. olecular beam epitaxy (BE) of p-type GaAs doped with Ge was

made, in which Ga to As, flux ratio, y , Ge concentration, [Gel
G3. 1 and growth temperature were used as parsmeters.

Photoluinescence (PL) spectra at 2K for slightly doped GaAs re-
ENHANCEMENT OF MINORITY CARRIER LIFETIMES IN vealed that for y =1 the emission of excitons bound to neutral
n'/n/n- GaAs tlOMO-STRUCTURES. LEIGIH M. SMITHt and Ge acceptors (A-,X) was dominant. With increasing y , (A-,XI was
DJ. WOLFORDt, IBM T. J. Watson Research Center, Yorktown steeply suppressed and the exciton emission at ionized Ge donors
Hleights, NY; R. VENKATASUBRAMANIANI and S.K. (D,X) was gradually enhanced and for y =11, (D-,X) became aost
GItANDIIIt Rensselaer Polytechnic Institute, Troy, NY. dominant. In van der Pauw measurements, samples having (Gel

around IxlO11cm
-
3 presented the p- to n- type conversion at 7

:1.7, which was also specified in PL spectra as the quenching of
We show that the radiative efficiency and lifetimes of photoexcited a characteristic emission,1s-gJ and the formation of an mission
carriers in epitaxial GaAs can be enhanced by 3 to 4 orders-of- reflecting the increased number of donors, (B-B). [g-g] is form-
magnitude by the preparation of n'. 'spike-doped' layers at surfaces ed Just below (A*,X) and exhibits a strong energy shift touards
and substrate interfaces. Samples were MOVCD-prepared with n- lo%'er energy sides with increasing (Gel, which presumes that [I-
region thicknesses of 3-10 Mm, and Si- or S-doped to n concentrations g] is due to the pairs between excited-state acceptors.
reiof thi0cmk e-es o lve nd ieo sce dto n, cnce t tr ionsd (g-g) has been proved to be easily quenched by small amount of
of 5xIO" cm-1. Time-resolved luminescence in such structures, under donors being effective even by a factor of 30 smaller than that
both surface and hulk (near-band-edge) excitation conditions, reveal of acceptors. The formation of predominant [g-g1 for y :1 an-
near-edge-excitonic or band-to-hand-dominated recombination aures that extreelY low-compested p-tyPe samples were grown
spectra, with carrier lifetimes ranging from 1.5 nsec at 1.5 K to greater by using an amphoteric iapurity, which was established upto
than I usec at room temperature. This is in contrast to the sub- [GeI:lxliscuis-1. In theme samples four mission series exhibited

nanosecond lifetimes typical in conventionally grown bulk GaAs, but Significant energy shifts with increasing (Ge]. From (0el -

is comparable to the best reported for high-purity LPE grown GaAs/ IxIOlI o-$, the above (9-g] appears a a dominant mission and
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at [Gel - xiO1? cm-3
, another red shift emission, [g-g]a begin-- and room temperature supports this model. The correlation between the

to be formed on the higher energy side of [g-g]. It Is interest- different starting material and PL properties will be used to characterize
ing to note that both [g-gl and [g-glz seem to be totally quench- the corresponding levels. The microscopic identity of the centres will be
ed by the further increase of (Gel. The emission due to band to discussed in relation to earlier work on Li in GaAs.
Ge acceptor, (e,Ge) does not change its central energy til [Gel=
Sxl1O&am- and for larger (Gel it turns into a new broad
emission, [g-g] , displaying a steep red energy shift. The last 1.M.E. Levy and W.G. Spitzer, J. Phys. Chem. Solids 6, 3223 (1973)
emission,[g-gja indicates a steady blue energy shift with gr- 2. H.P. Gislason etal , J. Appl. Phys. S8, 240 (1985)
ins (Gel larger than lxlO'cm-2. which was theoretically ex-
plained in terms of the pairs between ground-state acceptors. G3.6
G3.4 LASER-THERMAL IMPURITY PUMPING OF SHALLOW

DONORS IN ULTRAPURE GERMANIUM. T. Theiler and F.

ELECTRICAL PROPERTIES OF HEAVILY Be-DOPED GaAs GROIN BY Keilmann, Max-Planck-Institut fur Festkdrperforschung Stuttgart,MIOLECULAR BEAM EPITAXY. H. Shibata. Y. Makita. A. Yamada. N. - FG .E alr arneBrlyLbC

Ohnishi. M. Mori. Y. Nakayama. A. C. Beye and K. .layer. Electro- FRG; E. E. Haller, Lawrence Berkley Labs, CA
technical Lab. 1-1-4 Umezono. Tsukuba-shi. 305. JAPAN Extremely narrow far-infrared lines I/ of OH-donors in ultrapure

Germanium are used to probe the fundamental dynamic processes of
Electrical properties of heavily Be-doped GaAs grown by impurities. For measurement we use PTIS modified by using

molecular beau epitaxy (IBE) were investigated in a wideimutesFomaurenwesePImdfedbuig
rangcularrbem econcentration [A) from instiO to frequency-fixed lasers and Zeeman-tuning of the impurity tansition.rang 0 of9arrier We observe, for the first time, a change of the (lifetime dominated)1Il02cm- at the sample temperature between 10R and roomtemperature (RT). bhe hole mobility RT exhibits a maxi- resonance lineshape in the intensity region near 10-4 W/cm2 . This
mum value of 308cm/Vs at Ale7.2xI Ticm - The dependence effect can be quantitatively understood in a rate equation model, which
sum vale oncm/tratn [Aon Beeffusio cel ependence shows that at the critical intensity the ground state becomes depleted
of RT hole concentration on Be effusion cell temperature and the dependence of the recombination on the degree of ionization
was nearly coincident with that of Be vapor pressure. becomes important. Therefore the effect depends also on
which suggests that the doping of Be is governed by the Be
arrival rate over the entire [A] range studied. Raman compensation.
scattering easurements were also carried out to exaine A quite distinct mechanism starts to broaden the line at much higher
the properties of distorted lattice due to the heavy intensities near 10- W/cm 2 . This is identified as the equalization ofdoping.
Photoluminescence measurements were made at 2K in which ground and excited state population and thus, the results yieldseveral new peaks were discovered in the near-band-edge information on the thermal ionization of the excited state. This latter
emission region. The emissiorband named a[grg was o - ionization step can also be accomplished in a further experiment by

served for [A] between 4.8l06 and 7.Osl c which ex- using a second far infrared laser to yield a "photo-photo-ionization-
hibited weak red shift with increasing [A]. This red shift spectrum".

was ascribed to the formation of the pairs between exited-
states acceptors. The emission bands denoted by [m]a Reference

and [g-g] were obtained for (A] larger than 1.8xl0 Bcm- 3  /I/ H. Navarro, E. E. Hailer, F. Keilmann; Phys. Rev. B37, p. 10822
and presented strong blue and red shifts, respectively. 1988

The red shift of [g-gl 0 was recently explained in terms
of the pair between ground-states acceptors. The emission G4.1
band denotg bi [g-g] r began to appear for [A] larger VACANCY-TYPE DEFECTS IN PLASTICALLY
than 2.6 xlOcm but indicated no energy shift. Precise DEFORMED GaAS. . S. Dannefaer and D. Kerr. De-
informations on the energy shift and the spectral evolu-

tion of these plural emissions as the function of [A] partment of Physics, University of Winnipeg, Winnipeg, MB R3B
enable one to estimate the carrier concentration by a non- 2E9, Canada
destructive and contactless method with high spatial
resolution. Semi-insulating GaAs has been investigated by positron life-
G3.5 time spectroscopy in various states of plastic deformation. In the

as-deformed samples large vacancy clusters could be detected as
PHOTOLUMINESCENCE STUDY OF GaAs DIFFUSED WITH Li. one of the defect components emerging for strains above the upper
I.P. Gislason and E.O. Sveinbjmsson, U. of Iceland, Reykjavik, Iceland,

B. Monemar and M. Ahlstr6m, Link~ping U., Linkdping, Sweden. yield point. As expected from theory, the positron response from
these traps shows a strong dependence on the measuring temper-

We present a detailed study of the photoluminescence (PL) properties of a ature between 30 and 350 K which allows an estimate of the void
wide range of GaAs material diffused with the group-I element Li. Li is size of about 50A.
known to compensate both n- and p-type GaAs, and our starting material
includes different n-type and p-type GaAs as well as semi-insulating A significant decrease of the (retained) concentration of these
material. Little work has been reported on the properties of Li in GaAs defects with increasing deformation temperature (45 0  <
recently despite extensive studies in the seventies. Optical properties
have mainly been studied by local-mode IR spectroscopy [I]. The only 600°C) suggests an annealing stage in this temperature range. Pre-
photoluminescence study so far on Li diffusion in GaAs [2] was done in sently, both isochronal and isothermal annealing studies are in
Cu-doped samples with emphasis on Cu rather than Li. In the present progress to obtain information on the migrating species and the
study the Li doping of GaAs is investigated through its effect on existing kinetics of the process.
PL bands in the as-grown material and the appearence of new such bands.

A dramatic example of spectral changes in GaAs upon Li doping is the G4. 2
gradual disappearence of the 1.36 eV PL band which is usually present O STUDIES ON BULK GALLIUM PHOSPHIDE. Keith L. Brower,
through inadvertent Cu contamination of the samples. New PL bands Sandia National Laboratories, Albuquerque, NH.
resulting from the Li doping of n-type horizontal Bridgnm material
include a strong band at 1.34 eV and shallower bands at 1.45 and 1.48 eV. We have observed new optically detected magnetic resonances
The doping procedure suggests that thes bands are Li related, and since (ODMR) in n-type, sulfur doped 0.08 ohm-cm bulk gallium
they appear only in n-type material the responsible centres am concluded phosphide. The ODtR spectrum was observed at 1.3 K using
to have acceptor character. The dependence of the PL intensity and 20.4 GHz, 50 rW, 280 Hz square-wave modulated microwaves
energy positions of these bands on excitation intensity suggests that the with 50 mW of either 514.5, 488.0, 457.9, or 363.8 nu light
deepest one represents transitions to a localized acceptor level, which we illumination from an Ar ion laser. Within our 1. 8 - 0.8
attribute to a deep LiGs acceptor. The shallower bands am assigned to micron detection range, the ODItR luminescence is strongest
pairtransitionsinvolvingshallowerLi-relatedcenms. An analysis of the near 800 nm using a Ge detector and 514.5 nm light
dependence of the PL intensity on temperature in the range between 4 K illumination. No ODMR signals could be detected under
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subbandgap illumination with 50 mw of light from a dye J.C.Bourgoin. Croupe Physique des Solides de I'ENS. Tour
laser between approximately 800 and 900 nm. 23. 2 Place Jussieu 75 251 PARIS (FRANCE).

The ODMR spectrum appears to be indicative of two distinct The role of native defects as electrically active centers
centers. One spectrum is characterized by an isotropic has long been known in GaAs. The EL6 center which is
resonance having a g value of approximately 2.0125 and a commonly found in LEC and N.B grown GaAs is the most
linewidth of approximately 200 G; this resonance tends to ubiquitous center other than the well known EL2 center.
be skewed to lower magnetic fields. The other, weaker Two experimental techniques are used in this study in
spectrum appears to be an isotropic 2-line hyperfine order to well establish the optical and electrical
spectrum at g - 1.98. The hyperfine lines are separated by properties of this center.
approximately 485 G and have a linewidth of approximately The correlation of our photoluminescence and DLTS results
250 G. The isotropic nature of the spectra and the lack of of various S.T and n-type GaAs samples either grown by LECforbidden transitions suggest spin 1/2 centers. The o aiu . n -yeG~ ape ihrgonb E

aribis suet fm a 2 P ete .de e i or HB technique and the analysis of the thermal annealinghyperfine spectrum might arise from a P-related defect in effects on these samples led us to unambigousely relate
Gap. the O.8eV PL band to the EL6 center. %1e have found that

This work performed at Sandia National Laboratories the appearance of the 0.8eV PL band is related to the
Sato Fermi-level position. We propose a configurationsupported by the U.S. Department of Energy under contract coordinate model which explains both all the characteristi

number DE-ACO4-76DP00789. 3i xan o ltecaatrsi
electrical properties of the EL6 center and the established
properties of the O.8eV PL band. A radiative recombination

G4.3 mechanism of this deep PL band is also proposed.

THE ROLE OF OXYGEN IN p-TYPE InP. J. Michel. J. Jeong. K. M. Lee and
L. C. Kimerling. AT&T Bell Laboratories, Murray Hill, NJ 07974. G4.6

THE ELECTRONIC STRUCTURE OF THE "0.15 eV" Cu ACCEPTOR
We have studied the influence of oxygen on the electrical and optical LEVEL IN GaAs. F.J nz. M. Linnarsson, B. Monemar, Link6ping
properties of Be- and As-doped lnP. The initial p-type lnP [Be,As] shows a University, Linkdping, Sweden and M. Kleverman, Lund University,
strong deep photoluminescence (PL) band at 1.5 jrn. This PL-band was related Lund, Sweden.
to the Ph antisite defect by optically-detected magnetic resonance (ODMR)
measurements. As the oxygen concentration increases, the 1.5 tun PL-and Cu-diffused GaAs-samples have been investigated using different kinds
disappears and a new PL-band at I lam appears. Hall etect and resistivity of FTIR techniques and photoluminescence. Line spectra observed in
measurements show that an increase in oxygen concentration results in a absorption can be interpreted as transitions from the ground state to the
conversion from p-type to n-type material. We attribute the disappearance of excited effective mass like 2P3/2, 2P5/2(rs), and 2P5/2(r 7 ) states of a
the 1.5 un PL-band to a shift of the Fermi-level and the introduction of the neutral substitutional CuGa acceptor. One LO-phonon higher in energy -
I jam band to an oxygen-related center. interfering with the continuum - the Fano replicas of these transitions are

visible. The binding energy of 157.8 meV has been obtained by adding

G4.4 the effective mass value of the 2P 5 /2(f 8) state to the energy position of
the corresponding absorption line.

MID-INFRARED SPECTRAL PHOTORESPONSE OF SEMI-
INSULATING GaAs. G J. Brown, and W.C. Mitchel, Materials All transitions to the excited states have replicas 0.84 meV higher in

Laboratory (WRDC/MLPO) Wright Research and Development Center, energy. The replicas are of electronic nature, as can be seen from uniaxial

Wright-Patterson AFB, OH. 45433-6533 stress measurement.

Photoconductivity spectra showing oscillating photoconductivity will also
We have developed a characterization technique using mid-infrared, be presented. The distance between two neighbouring dips is 36.4 meV,
fourier transform photoconductivity (PC) that is capable of identifying which is similar to the energy of an LO-phonon: The extrapolated
deep energy levels in gallium arsenide. Our technique requires less sample "binding energy " obtained from the oscillations is 164.2 meV. Thediscrepancy between the binding energies will be discussed in terms of a
processing than deep level transient spectroscopy (DLTS) and can be used <100> Jahn-Teller distorsion.
on semi-insulating (SI) gallium arsenide. Using this technique we have
observed evidence of several below mid-gap energy levels in undoped SI Uniaxial stress and Zeeman measurements of the FTIR line spectra will
gallium arsenide Spectral PC measurements were made on SI GaAs be presented. These results allow us to give a detailed description of the
before and after illuminating the cooled samples with high intensity white electronic structure of the Cu-center.

light at 8K. The PC spectrum typically showed a broad photoresponse
from 2 to 20 microns that was attributed to multiple energy levels in the G5.1
material. The observed energy levels were 0.55 eV, 0.44 eV, 0.24 eV and PHOTOLUMINESCENCE CHARACTERIZATION OF IMPMRITIES AND
a range from 0.15 to 0.06 eV. However, the shallow photoresponse from DEFECTS IN SEMICONDUCTORS. M.L.W. Thewalt, Department
the carbon acceptor was not observed after illumination. The most striking of Physics, Simon Fraser University, Burnaby, B.C.,Canada V5A 1S6.
spectral feature was a sharp ionization edge at about 0.44 eV in all of the

samples studied. This energy level agrees well with the 0.43 eV level that Photoluminescence spectroscopy has become a well
has been observed by tvmperature dependent Hall effect measurements. developed and widely applied tool for the study and
The 0.43 eV Hall effect level is an intrinsic defect level and is postulated characterization of defects and impurities in
to be the 0.35 eV EL6 level observed by DLTS. The 0.44 eV level was semiconductors. The field remains very dynamic, with

a dvances being made both in the techniques themselves
also observed in our PC spectrum of a n-type Bridgeman grown sample as well as in the breadth and complexity of the
that had shown the 0.43 Hall effect level. The presence of additional deep centres to which they can be applied.
levels in concentrations comparable to those of EL2 and carbon indicates
that the simple model for compensation in SI GaAs which invokes only One recent trend in photoluminescence spectroscopy has

been the use of Fourier transform interferometric
EL2 and shallow impurities needs revision, techniques, which previously had been developed

primarily for mid- and fat-Infrared absorption
G4.5 spectroscopy. Interferometric photoluminescence
ASSOCIATION OF TE 0.8eV EMISSION BAND TO THE EL6 CENTER spectroecopy can be advantageous not only for longer

IN GAAS. S. Alaya, M.A.Zaldi, G.Marrakchi, H.Maaref.Facultf wavelength studies and for broad spectral scans, but
des Sciences Monastir (TUNISIA), H.J.Von Bardeleben and
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also in situations where very high spectral resolution ture of the Fe-B, Fe-AL and Fe-Ga pairs in sili-
and accuracy are required. con. Rigorous SCF calculations have been carried

out for the pairs in C 3v and C 2 v symmetries in
These topics will be illustrated with reference to a order to investigate the bistability of these
number of new photoluminescence studies. In Ge we systems. For each pair, results are presented for
will demonstrate the utility of photoluminescence for the one-electron energy gap levels and reso-
donor and acceptor characterization in high and ultra nances, donor and acceptor transitions, Fermi
high purity material, as well as the first observation hyperfine contact fields at the iron and the ac-
of a triple acceptor bound exciton. In Si. results ceptor nuclei, total spins, Mott-Hubbard poten-
for several new complex defect systems including the tials and total energies.
0-related thermal donors will be discussed. Finally
we will illustrate the application of interferometry G5.4
to high resolution photoluminescence and
magnetophotoluminescence in high purity epitaxial PHOTOCODUCTIVITY STUDY OF CrB AND Cr i IN SILICON
GaAs.

A. Schlette, R. Kienle, A. D6rnen, and K. Tho

G5.2 4. Physikalisches Institut, Universit~t Stuttgart,Pfaffenwaldring 57, 7000 Stuttgart-80 (FRG)
GENERATION AND DISSOCIATION OF IRON-BORON PAIRS IN

SILICON. M. Suezawa and K. Sumino. Institute for Materials Research, Chromium is known to form complexes with different
Tohoku University, Sendai 980. Japan acceptors in silicon. By DLTS and Hall measurements

a level at E + 0.28eV (0/+ transition) is found
This paper reports the kinetics of generation and dissociation processes for the chrcium-boron complex. In photolumines-
of Fe-B pairs in Si studied by means of electron spin resonance (ESR). cence (PL), a spectrum with zero phonon transition
A specimen of B-doped float-zone-grown Si sealed into an evacuated at 844 meV shows up.
quartz capsule together with a piece of Fe was quenched into ice-
water from 1300C. Changes in the concentrations of Fe-B pairs,
electrically neutral Fe (Fe* ) and singly ionized Fe (Fe +) due to We find in our photothermal ionisation spectroscopy
various heat-treatments of the quenched specimen were determined (PTIS) experiments a resonance at the same energy
from ESR measurements with an X-band spectrometer at 10 K. In as PL observes, exhibiting the identical 5-fold

contrast to a result previously published by Weber, the ESR absorption finestructure. Approx. 9 meV higher in energy a

due to Fe-B pairs is not detected in an as-quenched specimen and weak negative peak due to a forbidden transition is

only absorptions due to Fe* and Fe + are observed. This seems to found. The ionisation threshold is observed as a

mean that the high temperature state in which Fe atoms and B atoms step in the PTIS signal at - 874 rreV. Fano
are individually distributed within the crystal is effectively frozen resonances due to 'f' and 'g, phonons for all these

in the crystal due to our quenching procedure. Isochronal annealing features indicate clearly, that this spectrum
of the quenched specimen reveals that Fe-B pairs are generated at belongs to effective-mass-like states of a donor.
a temperature as low as 40C. The concentration of Fe-B pairs So chromium acts as a deep donor with a level at E
increases with an increase in annealing temperature and achieves + 295meV and excited EMT-like states. Uniaxiay
the maximum at about 100C. Annealing at higher temperatures leads stress measurements confirm the conduction
to a reduction in the concentratiop of Fe-B pairs. On the other hand, band-like behaviour of the excited state and reveal
the concentrations of Fe' and Fe are observed to show the behavior the additional <111>-axis of the defect core.
reverse to that of Fe-B pairs :Namely, they decrease due to annealing
at temperatures lower than 100T and increase at higher temperatures. in n-type samples, two thresholds at energies of
However. they decrease again due to annealing at temperatures higher 2oo mev and 430 mev occur, the latter being
than 150'C. The latter may be attributed to clustering or precipitation followed by a sequence of modulations due to L

of Fe in such a temperature range. Isothermal annealing of the

quenched specimen reveals that the generation process of Fe-B pairs phonons. These energies were previously ascribed to

obeys the first order reaction kinetics. Mean separation of B atoms Cri and Cr. , respectively.

estimated from the time constant of Fe-B pair generation is found
to be comparable to that determined from the concentration of B G5.5
atoms in the specimen. This again supports the idea that Fe and
B atoms are randomly distributed in the as-quenched specimen. The FORMATION OF In-Cu PAIRS IN SILICON DURING CHEMO-
activation energy of Fe migration is determined to be 0.65 eV from
this work. This magnitude is consistent to that determined by MECHANICAL POLISHING. Th. Wichert R. Keller, M. Deicher,
diffusion experiments. W. Pfeiffer, H. Skudlik, and D. Steiner, Fakultit filr Physik, Universitit

G5. 3 Konstanz, D-7750 Konstanz, FRG.

THEORETICAL INVESTIGATIONS OF THE METASTABILITY
OF IRON-GROUP III ACCEPTOR PAIRS IN SILICON. J.R. Following 200eV Cu+ implantation of Si, doped with radioactive 

11t
ln

Leite and L.V.C. Assali, Instituto de Fisicada
Universidade de SAo Paulo, CP 20516, 01498 Sao atoms, the formation of In-Cu pairs is observed using the perturbed n
Paulo, SP, Brazil. angular correlation technique (PAC). The pairs exhibit axial symmetry

The metastability of the Fe-AL, Fe-Ga and Fe-In about the <111> lattice direction and have a dissociation energy of

pairs in silicon has been observed from DLTS and 0.69 eV, assuming an attempt frequency of 1012 Hz. Using the three
EPR experiments. It has been found that these measured Cu specific interaction frequencies of vo = 237, 334, and
pairs are stable in both, the <11 1) or (100) axial
symmetry configurations, indicating that they may 408 MHz (TM = 78 K) it is shown that these pairs are identical with
consistofa ;ubstitutional acceptor with the Fe the In-X pairs observed after chemo-machanical polishing of Si wafers
impurity occupying the nearest or next-nearest
neighbor interstitial site, respectively. (M. Deicher et al., Institute of Physics Conference Series, Vol. 95

Recently we have reported the first rigorous elec- (1989) 155). This identification implies that at 273 K Cu atoms in Si

tronic-state calculations for the Fe-B pair, one possess a much higher diffusivity, being about 4 orders of magnitude
of the most investigated complexes in silicon . higher, than expected from extrapolating diffusion data measured at
Preliminar attempts to correlate the electronic
structure of this pair in both, the (I 1 1) and <100) 1000 K. Possible explanations of this phenomenon will be discussed
axial symmetries have also been made. The aim of and comparions with other experiments indicating the presence of Cu
the present paper is to report on the results of
our systematic studies of the electronic struc- in Si will be made.
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G6. 1 G6.3

FERMI RESONANCE EFFECTS ON THE VIBRATION MODES OF HYDROGEN- HYDROGEN BEHAVIOUR IN SILICON. Guido L. Chiarotti,
PASSIVATED BORON IN SILICON*. G. D. Watkins, W. B. Fowler, F. Buda, R. Car and M. Parrinello, Int'l School for Advanced Studies,
C. G. DeLeo, M. Stavola, and D. M. Kozuch, Dept. of Physics,
Lehigh University, Bethlehem, Pa. 18015; S. J. Pearton and J. Trieste, Italy
Lopata, AT&T Bell Laboratories, }tsrray Hitll, N. J. 07974

The role of Hydrogen in Silicon has been the subject of extensive
10$ - 11B isotope shifts have been reported recently for the experimental and theoretical investigations. Both in crystalline (c-Si) and

1H and 
2
H vibrational frequencies of the H-B complex in sil- in amorphous (a-Si) phases the behaviour of H has technologicalrelevance.

icon
1
. The 

10
B
2
H - llB

2
H shift was found to be anomalously In fact in c-Si H is capable of passivating defect related states. In a-Si

large. We show that this effect finds a natural explanation instead H plays a crucial role in the doping process. We discuss both
in a phenomenon called "Fermi resonance"

2
, arising from a

weak anharmonic coupling between the second harmonic of the the cases of c-Si:H and a-Si:H, that we have investigated by means of ab-
transverse B vibration and the longitudinal H vibration. We initio Molecular Dynamics simulation. Within this computational scheme
first present a simple classical explanation of the effect the interatomic potential is obtained from accurate local density functional
in terms of a "parametric oscillator", or a child pumping
himse If on a swing. We then out line a simple quantum mech- calculations, and dynamical finite temperature effects are completely taken
anical treatment that provides a satisfactory quantitative into account.
explanation of the results. Our calculations also predict Forc.SiwerestricttothestudyofH+ inthehightemperatureregime.
infrared absorption at the boron second harmonic frequencies.
These are observed for both LOB and lB with intensities and The results can be summarized as follows: (i) The diffusion proceeds via

polarization as predicted, providing direct confirmation of a jump-like mechanism. (ii) The diffusion path is substantially different
the interpretation. The Pankove Si-H-B mode 13, therefore, from that inferred from zero temperature total energy calculations, demon-
remains intact. Our results, in fact, provide further con-
firmation of its validity in the sense that we have confirm- strating the importance of dynamical effects. (iii) The computed diffusion

ed for the first time that the boron vibrations are perpen- coefficient and its temperature dependence are in good agreement with
dicular to the Si-H-B bond. the high temperature available experimental data, and confirm the high

*Research at Lehigh University supported by Office of Naval mobility of H in c-Si. We also suggest that scattering experiments may

Research Contract N00014-84K-0025. distinguish between different diffusion mechanisms.

1. B. Pajot, A. Cheri, M. Aucouturier, M. Astier and A. By rapid quench from the melt we have obtained an a-Si:H sample.

Chantre, Sol. St. Corm. 67, 855 (1988). We will discuss some structural and electronic properties of this system.
2. E. Fermi, Z. Phys. 71, 250 (1931).
3. J. I. Pankove, D. E. Carlson, J. E. Berkeyheiser, and G6.4

R. 0. Wance, Phys. Rev. Lett. 51, 2224 (1983).
HYDROGEN DIFFUSION IN B-DOPED SILICON. C. P. Herrero',

G6. 2 M. Stutzmann, and A. Breitschwerdt, Max-Planck-Institut ffir Fest-
kdrperforschung, D-7000 Stuttgart 80, FRG.

OPTICALLY DETECTED MAGNETIC RESONANCE OF A
HYDROGEN-RELATED COMPLEX DEFECT IN SILICON. We have measured the IR reflectance of hydrogen passivated boron-
W.M. Chen 0.0. Awadelkarim, B. Monemar, Department of doped silicon for different B-concentrations and passivation conditions

Physics and Measurement Technology, Linkoping University, (temperature and exposure time). From the observed features in the
IR spectra, we can obtain hydrogen depth profiles in passivated sam-

S-581 83 Linkping, SWEDEN; J.L. Lindstr6m, Swedish pies, and effective diffusion coefficients can be deduced. We find that
Defence Research Establishment, P.O. Box 1165, S-581 11 the diffusion of hydrogen in B-doped c-Si can be described by the
Link6ping, SWEDEN; and G.S. Oehrlein, IBM Research same parameter as in undoped Si (D = Do exp(-EM/kT)) with Do =
Division, T.J. Watson Research Center, Yorktown Heights, 2.4 x 10

-
' cm

2
s

-
', EM = 0.43 eV, provided that trapping of H at

N.Y. 10598 USA substitutional acceptor sites is correctly taken into account. From the
trap-limited diffusion analysis, a binding energy for B-H pairs of 0.6 eV

Hydrogen in semiconductors has recently received great is found, in agreement with theoretical calculations.
attention, not only because of its fascinating physical
properties, but also due to its technological importance, e.g.in In the course of these investigations we have also observed that surface
passivating a variety of defects in semiconductors. Despite oxide layers can hinder completely the diffusion of H into the silicon
numerous studies a microscopic identification of H-induced bulk. An analysis of this hindered diffusion in samples under different
defects by magnetic resonance techniques is still absent. This biases will be presented.
is a key problem for a better understanding of the properties of * Present address: Instituto de Ciencia de Materiales, CSIC, Serrano
hydrogen. In this paper, we present the first optically detected I15 dpdo, 2S006 Madrid, Spain
magnetic resonance (ODMR) studies of a hydrogen-related
defect in semiconductors. The defect is present in G6.5
hydrogenated boron-doped silicon single crystals, after room-
temperature electron-irradiation. A spin-triplet (S=I) is MODELING OF THE DIFFUSION OF HYDROGEN
shown to be the electronic state responsible for the observed IN SILICON. D. Mathiot, CNET - CNS BP: 98
ODMR spectrum. A detailed angular dependence study of the 38243 Meylan ' ce), and D. ballutaud, P.
ODMR spectrum reveals a Csv defect symmetry. The defect is de Mierry and M. Aucouturier, Labo. Physiques desSolides, CNRS, I Place A. Briand,, 92195 Meudon
argued to be a di-hydrogen-vacancy complex (VH2 ), in which Principal (France).
the hydrogen atoms passivate two dangling bonds of the
lattice vacancy. The presence of H in the defect complex is A model is proposed to describe the behaviour of
evidenced by the resolved hyperfine structure of the 1H atom H in Si at moderate temperatures. It is assumed
with nuclear spin 1=1/2 (99.985% naturally abundant). The that H has both a donor and an acceptor level in
energy levels of this complex in the forbidden gap and their the band gap and thus it can exist in the three
important role as strong non-radiative recombination charge states AO H + and H -. The bulk diffusion

of hydrogen is slowed down by the formation of H 2channels are also discussed. molecules, as well as by interactions with the
dopant atoms. In the surface region the high
surface concentration measured by SIMS is
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attributed to the trapping of H atoms on plasma ment with those obtained from muon-spin-rotation. The agreement

induced extended defects. found in this case instills confidence in the general use of spin-density-

Good simulations are obtained in both n - and functional calculations for predicting hyperfine parameters of defects.

P- pe Si, for various doping levels. In lightly
dop samples a comprehensive description of the 1C. G. Van de Walle, P. J. H. Denteneer. Y. Bar-Yam, and S. T.
behaviour of HO is obtained with parameters Pantelides, Phys. Rev. B. 39, 10791 (1989).
consistent with the high temperature data. In 2R. F. Kiefl, M. Celio, T. L. Estle, S. R. Kreitzman, G. M. Luke, T.
order to obtain the most reliable values for the
parameters governing the behaviour of H + and H - M. Riseman, and E. J. Ansaldo. Phys. Rev. Lett. 60. 224 (1988).

we will report simulations of experimental
results (SIMS diffusion profiles) covering a wide G7.3
range of substrate doping levels.

HYDROGEN IN CRYSTALLINE SILICON UNDER COMPRESSION AND
G7.1 TENSION C. S. Nichols and D. R. Clarke IBM Research Division, T. J.

E SWatson Research Center, Yorktown Heights, NY 10598, USA
THE STRUCTURES OF ISOLATED HYDROGEN CENTERS [N SEMI-

CONDUCTORS INFERRED FROM MUONIUM. T. L. Estle, Rice Univ., The behavior of hydrogen In crystalline silicon (c-Si) has been investi-
Houston, TX; R. F. Kiefi, TRIUMF, Vancouver, B. C., Canada; J. W. gated as a function of pressure using first-principles total-energy
Schneider, Univ. of Zurich, Zurich, Switzerland; and C. Schwab, CRN, methods. The calculations combine density-functIonal theory with
Strasbourg, Rance. norm-conserving pseudopotentials and large supercells to explore the

The study of isolated hydrogen in semiconductors is difficult because of stable site for hydrogen as a function of the hydrogen charge state, the

the tendency for hydrogen to form complexes. The detailed structural Fermi level, and the lattice constant.

information usually obtained from EPR and ENDOR has been absent with It is found that, for moderate pressures, the hydrogen minimum energy
the single exception of hydrogen in silicon'. An alternative to direct studies position undergoes a transition from the tetrahedral interstitial site to

of hydrogen exists in the form of muon spectroscopic studies of muonium the bond-center site. For the positive and neutral charge states, this

in semiconductors
2

. In such experiments the muon is essentially an isotope transition occurs under compression, whereas for the negative charge

of hydrogen with Ith the mass of the proton. Twenty isolated muonium state, it occurs under hydrostatic tension.

centers have been observed in tetrahedrally-coordinated crystals ranging These results are used to make predictions about hydrogen solubility
from Si and other group-IV crystals to the copper halides (11 crystals total). in c-SI and to investigate hydrogen behavior in the stress fields of dis-
Muon level-crossing resonance (I&LCR) has provided detailed structural locations, grain boundaries, and crack tips. Specifically, application of
models for neutral interstitial muonium at a bond center in silicon' (the hydrostatic pressure to p-type Si should have little effect on the hydro-
analog of the hydrogen center seen by EPR') and very near a bond center gen solubility (up to = 5% strain), whereas hydrogen in n-type Si be-
in GaP and GaAs

4
. comes less soluble with application of pressure. Furthermore, we

This paper will review these measurements and discuss the structures and predict that hydrogen in n-type Si should form a Cottrell atmosphere

their metastabilities. Comparison will be made to the EPR work on Si' and around an isolated dislocation core, but that no such effect should be

to theoretical studies of Si and initial ones on Ge and GaAs. In addition present in p-type Si. These findings may be generalized to the case

recent uLCR results on the metastable and stable muonum centers in the of a grain boundary, which can be viewed as an array of dislocation

copper halides will be presented. cores, to conjecture that grain boundaries in n-type material may be
more readily passivated than those in p-type materlai. Finally, we

Yu. V. Gorelkinskii and N. N. Nevinnyi, Soy. Tech. Phys. Lett. 13, 45 predict that hydrogen preferentially moves to the bond-center position
(1987). In p-type Si affecting the energy of cleavage and thereby altering the
2 R. F. Kiefl and T. L. Estle, in Hydrogen in Semiconductors, ed. by fracture resistance. No such effect is expected in n-type Si.
3. 1. Pankove and N. M. Johnson, Academic Press, to be published.

R.This work was supported in part by ONR Contract No.

R. F. Kiefl, et al., Phys. Rev. Lett. 58, 1780 (1987). N00014-88-C-0176.

G7.2 G7.4

ANALYSIS OF REAL-TIME HYDROGENATION DATA FROM P AND N-TYPE
ELECTRONIC STRUCTURE AND HYPERFINE PARAMETERS SILICON.* Carleton H_ Sealer and Robert A. Anderson,
FOR HYDROGEN AND MUONIUM IN SILICON. Sandia National Laboratories, Albuquerque, Nh.
Chris G. Van de Walle, Philips Laboratories, Briarcliff Manor, NY
10510. The results of analyzing the charge density data obtained

on p and n-type silicon Schottky-barrier structures during
H implantation will be discussed. In p-type samples, the

We show that parameter-free spin-density-functional calculations can depletion field induced drift of positive H species is

yield accurate results for hyperfine parameters of defects in semi- consistent with a high (-10-10 cm2 /sec) value of the

conductors. First-principles calculations' have recently produced a hydrogen diffusivity at 300K. Capture of these positive
conclusive picture of the structural properties of hydrogen (or its species by ionized acceptors proceeds with the large
pseudo-isotope, muonium) as an impurity in crystalline Si. The calcu- capture radius (50-70 1) expected for a coulomb assisted

process. At low electric fields, evidence for diffusion of
lated structures were compared with those obtained from an analysis neutral H is also seen. Furthermore, we observe that a
of muon-spin-rotation experiments,2 a technique (analogous to elec- substantial fraction of hydrogenated boron acceptors (10-
tron spin resonance) which probes the interaction between electronic 20) convert to a negative charge state in the presence of
wavefunctions and nuclear spins. An even more direct link between mobile hydrogen.
theory and experiment can be established if hyperfine parameters In n-type diodes, H passivation of phosphorus donors
for various defect structures can also be calculated from first prin- proceeds largely by diffusion of neutral species; in
ciples. Pseudopotential-spin-density-functiona supercell calculations contrast to p-type diodes, high depletion fields noticeably
are used here to obtain values for isotropic (contact interaction) and .etrd passivation, indicating that occasional conversion
anisotropic (dipole-dipole) components of the hyperfine interaction, of neutral hydrogens to protons is occurring. The density
Both types of paramagnetic centers, corresponding to the tetrahe- of positive species is enhanced near the metal/silicon

interface, apparently due to electron tunneling. This

dral interstitial site ("normal muoninm") and the bond-center posi- causes negative voltage shifts of Mott-Schottky capacitance
tion ("anomalous muonium") yield results which are in good agree- plots and enough narrowing of the diode depletion region to
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substantially lower the diode resistance. These latter in [I1-V compounds. This generally neutralizes the electrical
effects have also been observed on diodes not H implanted
but merely fabricated on wet-etched silicon surfaces. activity of such centers and the understanding of this
These effects disappear after short, low-temperature
anneals which out-diffuse the hydrogen. neutralization goes through the knowledge of the microscopic

*This work was performed at Sandia National Laboratories, structure of the H-related complexes. Vibrational spectroscopy
supported by the U. S. Department of Energy under Contract of the H bonds, alone or coupled with uniaxial stressing of the
No. DE-AC04-76DP00789.

samples, is well suited to this purpose as its results are
G7 .5HYD E Sreasonably independent from the electrical activity of theHYDROGEN SEGREGATION AT AL/SI INTERFACE

STUDIED BY NUCLEAR RESONANT REACTION. complexes.
Joyce C. Liu, A. D. Marwick, and F. K. LeGoues, IBM Thomas J.
Watson Research Center, Yorktown Heights, New York 10598

Results are presented on the occurence,
Hydrogen segregation at the interface between an epitaxial Al film structure, stability and atomic reorientation of the H-related
and a Si(1ll) wafer is studied by using 'H(t 5 N, oy)"2 C nuclear reso-
nant reaction analysis. The hydrogen atoms are introduced by either complexes associated with dopant atoms or with lattice defects
low energy (500eV) implantation or cathodic charging in H2SO 4. and they are correlated with those from other techniques and
Hydrogen depth profiles show that hydrogen atoms diffuse through
the 150 nm thick Al layer during the hydrogenation and are trapped also compared with theoretical estimates.
at the Al/Si interface. The amount of hydrogen in the vicinity of
the interface is in the order of 10"4 /cm' after a sample is implanted G8.2
with 7 x 10"r H/cm 2. A reduction in H concentration at the interface Sn-H C1M2LIEXFS IN GaAs. D. M. Kozuch. Sherman Fairchild
is observed after thermal annealing and the binding energy of the Laboratory, Lehigh University, Bethlehem, PA; M,. Stavola,

hydrogen atom to the interface is then determined from kinetic data. S. J. Pearton, C. R. Abernathy, and J. Lopata, AT&T BellLaboratories, Murray Hill, NJ.
Ion channeling and high resolution transmission electron microscopy
are also used to characterize the microstructures of the epitaxial Al I,,frared absorption bands due to the H vibrations of Sn-H
film and the Al/Si interface. complexes in GaAs have been found near 1328 and 749 cm"1

for Sn-doped epilayers exposed to an H2 plasma. These

G7.6 bands are assigned to H stretching and wagging,
respectively, for the Sn-H complex. The bands shift to

DISSOCIATION KINETICS OF SHALLOW ACCEPTOR- lower frequency upon substitution of D for H confirming
HYDROGEN PAIRS IN SILICON. Zundel T. and Weber J., that they are H vibrations. The Sn-H complexes anneal out

near 290 OC which corresponds to a dissociation energy of
M ax- Planck-Insti tu Lr Festk~rperforschung, Heisenbergstr.1, D-7000 1.5 eV.
Stuttgart 80. Federal Republic of Germany

It is interesting to compare the properties of donor-H
complexes in Si with those in GaAs. The donor-H complexes
in Si have nearly identical vibrational frequencies 1-1560

We determine the thermal dissociation kinetics of the shallow elec- and 816 cm" for P, As, and Sb donors. In GaAs, there is
trically neutral acceptor-hydrogen complexes (AH) in silicon doped a pronounced dependence of the frequencies upon the
with A=B, Al, Ga, or In. Annealing of hydrogenat ' p-type crys- identity of the donor [the Si-H complex in GaAs has
talline silicon with a reverse bias applied to a Schottk, diode leads vibrations at 1717 and 897 cm-1, Pajot et aS., Phys. Rev.

B37, 4188 (1988), which are very different from those of
to a reactivation of the acceptor within the space charge region. The Sn-H given abovel. From a comparison to the vibrations of
hydrogen-acceptor complex can thermally dissociate, and the released other dopant-H complexes .hose structures are know.n, the
positively charged hydrogen drifts out of the space charge region un- vibrational characteristics suggest that the H occupies an
der the electric field. Due to the drift effect the concentration of H is antibonding site in all of the donor-H complexes. Howver,

it is known only for G&As:Si-H that the H is at thenegligible in the high-field region, and the reaction AH a- A + H only ant ibonding site adjacent to the donor and not at a more
proceeds to the right. Therefore the dissociation of the AH complex distant ntibonding site. The implications of the
follows first-order kinetics throughout the entire annealing time. The donor-dependence of the vibrational frequencies for the
first-order kinetics permits us to precisely determine the dissociation structures of the donor-H complexes in the two hosts will

frequency vA of the AH pairs. The temperature-dependent values of be discussed.

VA satisfy the relation vA = LoA ezp (-EA/kT), with va = 2.8. 1014 G8. 3-t
, VAI = 3.1 • 1O s s-t v.a_ = 6.9 • 1013 s -', and iiot,, = 8.4 • 1013

REASSESSMENT OF ACCEPTOR PASSIVATION MECHANISM IN p-TYPEs-'. The dissociation energies EA depend only weakly on the accep- HYDROGENATED GaAs. L&zumk and G.E. Stillman, Center for Compound
tors: Es = (1.28+0.03)eV, EAz = (1.44+-0.02) eV, Ere = (1.4010.03) Semiconductor Microelectronics Materials Research Labomtory and Coordinated
eV, and E, = (1.42+0.05) eV. In addition, similar measurements on Science Labortory.University ifnlinois at UrbmuChmpaign. Urbnae.IL61801.

acceptor-deuterium complexes will be presented.

The relative thermodynamic stability of pusivating complexes of hydrogen with
G8.1 various shallow accepton in p-type GaAs has been investigated. High-resolution,

liquid-He tweimme phaolumainuscence muffies of hydrogenation and of the recently
HYDROGEN COMPLEXES IN I-V SEMICONDUCTORS. repoed lt-indued rea o ree at gzup W usutitiottd aceptors

Be, Mg and Zn we neatualized Ien efectively and we mor musceptble to the atermal
Bernard Pajot, Groupe de Physique des Solides de IENS, reactivaon effect thanm pep IVAs impurites - C. Si ad Ge, ioreovamntf'

diffuencea in the rue and extent of the reactivation have bet observed between MgTour 23, Universitd Paris 7, 2 place Jussieu, 75251 Paris andBe. awellubetween SlandCC. Theprodytcepdmicrocopicmodhaof
accep s pmvati in p-ype Ga&at idomp bond moreaements and chages in aCedex 05, France. local laice coordination tn order so stusfy the covalen nanze of hydrogen bonding in

Hydrogen can bind to atoms from intrinsic or extrinsic centers
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the defect sime, canmotlhllyaccountffortheenewexperimentalre ults. observed passivation of Zn acceptors.

We propose a modified chemical s ructre of the psivating hydrogen-acceptor A moderate temperature treatment (330*C, 20 min) resulted
complexinp-typeGaAlntismodel delectricalneuralizgionissimplyaresult in a complete reactivation of the passivated acceptors, as
of Coulomb actonamed closepawing between compensated hydrogen donors inferred from profile measurements. Furthermore the
and acceptor Unpurities. Accoding to Hopfield's analysis2, in such associated ionized
donor-acceptor sthpompm onw necompaasivafo linearity of contact characteristics was re-established by
shorter than the effective Bohr radius of an acceptr. The model allows for a this anneal ing procedure.
semiquutitative prediction of the relative affinity to hydrogenation and the stability of
the resulting neutraJizing complexes, based on the clectronegativity of acceptor G9. I
species, in general agreement with ot meamrenents. Kinetic and thenmodynamic
aspectofacepotpaivationadreactivion.consistentwiththeproposedbinding OPTICAL ABSORPTION OF DEEP DEFECTS IN
configuration ofhydrog -acceptor complexes. will be disciused. NEUTRON IRRADIATED SEMI-INSULATING GaAs.

Thu work wu ippmed by dw Joint Services Electronics Program, under contract NOBO1S- M. 0. Manasreh, Materials Laboratory (WRDC/MLPO), Wright
84.C-0149. the National Science Foundation. under grants DMR 86-12860 and CDR 85- Research and Development Center, Wright-Patterson Air Force Base,
22666 and by SDIOiST oonnect DAAL 03-87.K.0013. Ohio 45433-6533, and P. J. Pearah, Spectrum Technology

1. I.Szafruiek. S.S. Boae ad G.E. Stillman. submitted to Appl. Phys. Lett Incorpomted, 6 October Hill Drive, Hollison, MA 01746.
2. JJ. Hoprietd. in "Physics of Semiconducton (Proc. 7th tnt. Conf.). p. 725 (Dunod. Paris

and Academic Press, New York. 1964).

G8.4 Two defects were observed in thermal neutron irradiated semi-

HYDROGEN PASSIVATION OF INTERFACIAL DEFECTS IN insulating LEC GaAs materials by using the infrared absorption
MOCVD GROWN GaAs/InP. V.Swamninathan, U. K. Chakrabard, W. technique. The first defect was observed before thermal annealing and

S. Hobson, R. Caruso, J.Lopata and S. J. Pearton, AT&T Bell it has a broad peak at -0.83 eV. The second defect was observed after
Laboratories, Murray Hill, NJ 07974 annealing the sample at 250 C for 15 min. The latter defect is an EL2

- like defect, but is thermally unstable at 400 'C with a concentration of
about an order of magnitude larger than [EL2] observed in as grown

The results of a low temperature (5K) photoluminescence study of LEC materials. Both defects were found to photoquench with white
hydrogenation of GaAs on InP grown by metal organic chemical vapor light or 1.1 eV monochromatic light at 9 K and thermally recovered at
deposition are presented. An emission band at -1.42 eV originating 150 K. The concentration of the EL2 - like defect is reduced from
from the GaAs/InP interfacial region shows a 30 fold increase in 8.5xl01 6cm - 3 after annealing the sample at 300 'C for 15 min to
intensity relative to the GaAs band edge emission after exposure to 2xl1O6cm-3 after annealing at 400 "C for 15 min. This defect becomes
hydrogen plasma for 30 min at 250 1C. This improvement in intensity is unquenchable after the latter annealing conditions. An explanation for
attributed to hydrogen passivation of defects at the heterointerface this behavior is offered.
caused by the large (= 4%) lattice mismatch between GaAs and InP.
The passivation effect recovers on annealing the hydrogenated sample at G9.2
350'C. Excitation dependence of the 1.42 eV band suggests that the RECOVERY OF THE METASTABLE EL2 DEFECT IN
interfacial region consists of a compositionally graded layer. Further, GaAs UNDER MONOCHROMATIC LIGHT
this band shifts to higher energy on annealing the sample in the ILLUMINATION. M.O. Manasrc h and D. W. Fischer, Materials
temperature range 150-450 C with the hydrogenated sample exhibiting Laboratory (WRDC/MLPO), Wright Research and Development
a larger shift than the untreated sample. The possible reasons for these Center, Wright-Patterson Air Force Base, Ohio 45433-6533.
annealing induced peak shifts are discussed in terms of the
modifications of the interfacial region. The infrared absorption technique is used to study the recovery of the

8,EL2 metastable state in semi-insulating GaAs under monochromatic
G8. 5 light illumination. The induced optical recovery is monitored after low
PASSIVATION OF Zn ACCEPTORS IN InGaAs DURING RIE WITH intensity (< 2 mW/cm 2) irradiation in the energy range of
CHF3/H2 AND CH4/H 2. Martin Mhrle, Heinrich-Hertz-lnstitut, 0.75 hv 1.5 eV. The data exhibit a complex structure consisting of
BerI i n, FRG a broad band around 0.9 eV and a set of multiple sharp peaks between
Reactive ion etching (RIE) of dielectric layers and of InP 1.44 and 1.5eV. This recovery is strongly dependent on the -sample,
related compounds with gas mixtures of CHF3/H2 and CH4/H2, temperature and illumination time. The present results suggest that
respectively, are well established techniques for fine- a) the existing data and theoretical predictions for the AsGa antisite
line pattern transfer. However, we found that the use of structure are not compatable with the optical recovery data, b) EL2 is
such hydrogen-containing plasmas leads to a strong
decrease of the electrically active acceptor concentration affected dramatically by other defects (traps) present in the sample and
at the surface of highly Zn-doped InGaAs. c) the peaks observed in the optical recovery data are coincident with

the arsenic vacancy energy levels and therefore the present results
LPE-grown Ino.s 3Gao.4,As layers, epitaxially doped with Zn support the proposed complex models involving an arsenic vacancy.
to a level of p - 1.1019 cm-r, as well as samples with hole
concentrations above 1020 cm-3, achieved by additional Zn
diffusion from the vapour phase, were exposed to CHF3/H2  G9.3
and CH4/H2 plasmas, respectively, for 3.. .9 min in a EL-2 DEFECT FORMATION AND CARBON INCORPORATION
parallel-plate RIE system operating at 13.56 MHz. IN Ga3s GROWN BY ORGANOMETALLIC VAPOR PHASE
Electrochemical C-V profiling revealed a reduction of the
carrier concentration by about two orders of magnitude at EPITAXY. R. Venkatasubramanian, Research Triangle Park, NC;
the surface. The depleted regions extended to a depth of J.M. Borrego and S.K. Ghandhi, Rensselaer Polytechnic Institute,
30 ...80 nm into the layer: Moreover Ti/Pt/Au contacts Troy, NY 12157.
applied to p*-InGaAs after RIE etching using the above gas
mixtures exhibited strongly non-ohmic characteristics, A study of impurities and defects in epita.iai Ga grown by
whereas on as-diffused samples a linear behaviour with low
resistivities of typically <10- 6 0cM2 is obtained. No such organometallic vapor phase epitaxy (OMVPE), which provides in-
effects were observed after RIE with CF4 or CF4/02 , which formation about the nature of organometallic growth process, is pre-
indicates that hydrogen plays a crucial role for the sented.

EL-2 is a commonly observed deep-level and carbon is an important
residual acceptor impurity in OMVPE grown n-GaAs. A concurrent
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monitoring of the concentration of these two defects, as a function G9.6

of growth conditions such as arsine partial pressure, TMGa partial BURIED AMORPHOUS LAYERS IN GALLIUM ARSENIDE.
pressure and growth temperature, has been used to understand the Dinankar Senmiota, Mark C. Ridsway, John M. Zemanski and
thermochemistry of arsine in the OMVPE GaAs process. The con- Steven T. Johnson, Microelectronics and Materials Technology
centration of EL-2 in unintentionally doped n-GaAs, as measured by Centre, Royal Melbourne Institute of Technology, Melbourne,

Deep Level Transient Spectroscopy, has been evaluated in samples Victoria, 3000, Australia.

grown under conditions where intrinsic carrier levels exist. An anti- It has been possible to produce buried amorphous layers in
site (AsGo) defect formation mechanism during OMVPE growth, at semi-insulating Gallium Arsenide (GaAs) by implanting 150keV
various growth temperatures, is developed based on these results. Oxygen (0 ) ions to a dose of 7 x 1015/cm 2 at room temperature.

The layers are usually of -3500A thickness and the interface with
The relative variation of carbon levels was monitored by photolumi- crystalline material lies at a depth of -2000A from the surface.
nescence measurements taken at 4K, under the same set of growth Implantations carried out at lower sample temperatures resulted
conditions. Based on this study and the EL-2 study, it is concluded in a continuous amorphous layer formation starting at the
that the increase in carbon levels with growth temperature is due to surface. When implantation was done at higher sample

temperatures no amorphous layer was formed due to
gas-phase loss of the H radical from As-H growth species. self-annealing.

G9.4 The regrowth characteristics of the amorphous layer into
crystalline material are now being studied using time resolved

DX-CENTER IN Se-DOPED AlxGalxAs. Tho~masLanflk* reflectivity and Rutherford backscattering spectroscopy combined
University of Denver, Department of Physics. University Park, with channeling. The regrowth of amorphous material in contact
Denver, CO 80210; Assem Bakry and Richard K. Ahrenkiel, Solar with the bulk undamaged GaAs (deep amorphous/crystalline
Energy Research Institute. 1617 Cole Blvd., Golden, CO 80401; and interface) shows a temperature dependence with the activation
Michael L. Timmons. Research Triangle Institute, Research energy of 1.3eV which is in reasonable agreement with earlier
Triangle Park. NC, 27709-2194. *Work performed at the Solar works [I]. The regrowth rate shows an interesting depth
Energy Research Institute. dependence to be presented in the paper. The regrowth

behaviour of amorphous material in contact with the heavily
We report the measurement of the activation energy for the DX- damaged surface layer (shallow amorphous/crystalline interface)
center in Se-doped AIxGal.xAs grown by metal-organic chemical is now under detailed investigation.
vapor deposition (MOCVD) for different alloy compositions. The
peaks obtained from conventional DLTS are often asymmetric The results of these experiments will help clarify whether the
with shoulders on one or both sides. These shoulders often arise damage present in the crystalline layer has any effect on the
from two or more traps which are active in the same temperature kinetics of the regrowth process.
range.

[1]C. Licoppe, Y.I. Nissim and C. Meriadec, J. Appl. Phys. 58,
The capacitive transients are recorded digitally and analyzed 3094 (1985) and references therein.

directly by applying a nonlinear double exponential fitting
routine to the data. This fitting produces two Arrhenius plots and
yields the densities of the defect states. From the Arrhenius plots. G9.7
the capture cross sections at infinite temperature and the NEW GERMANIUM-RELATED DONOR IN NEUTRON-IRRADIATED
activation energies arc calculated. These results are then used to GALLIUM PHOSPHIDE. J. Barczynska and E.Goldvs,
simulate the DLTS spectra. Excellent agreement between real and Institute of Experimental Physics, Warsaw
simulated spectra is shown. University, 00-681 Warsaw, Hoza 69, Poland.

G9.5 Neutron transmutation doping is a standard method
to obtain n-type silicon. The similar procedure of

A MODEL OF Si DIFFUSION IN GaAs BASED ON THE FERMI-LEVEL thermal neutron irradiation and subsequent
EFFECT. Sha0feng Yu, Ulrich M. Gsele, and Teh Y. Tan. annealing has been applied to GaP. Ga and P atoms
Department 7f Mechanical Engineering and Materials transmute to Ge and S which are both
Science, Duke University, Durham, NC 27706 substitutional donors in GaP. The concentration of

Ge in our samples was 1.1 41O18/cm3 , the
We propose a quantitative model for Si diffusion in additional S concentration was 711016/cm3. The

GaAs. In this model we incorporate the experimental side effect of the irradiation is the creation of
result that Si is an amphoteric impurity which colstitutes different structural defects leading to the
a shallow acceptor when occupying the As site, S At lowering of the Fermi level into the midgap. The

high concentrations Si+ and Si- coexist. The am loteric induced defects disappear almost completely afterbehaiorof S ma %evie~ asan ffec ofthe annealing for lh at 8000r. The annealing in itself
behavior of Si may be vied as an effect of the does not lead to defect creation. We have measured
Fermi-level. We assume that Si+ and SAi-uit diffuse the absorption coefficient and photoconductivity
respectively on the Ga and As sublat ~ices, is, the for photon energies between 0.25 eV and 2.2 eV,diffusion of SiG and Si-s is governed by the variously the dependence of resistivity vs. temperature and
charged Ga GaccncieS and As vacancies (or the sign of thermoelectric power for such
self-interstitials) respectively. The experimentally irradiated and annealed samples. The dominant
observed Si diffusivity is concentration dependent which feature in the absorption spectra resembles the
results from the Si amphoteric nature as well as from photoionisation of a moderately deep (0.45 eV)
another effect of the Fermi-level, which is its influence center. The similar structure can be also observed
on the concentratiors of the charged point defect species, in photoconductivity. The sign of thermoelectric
Satisfactory quantitative descriptions of available
experimental results are obtained. An analysis of the power indicates that the samples are n-type. The
data on Si diffusion into a Sn-doped GaAs substrate has activation energy 0.43 eV. These results can be
led us to believe that the previously proposed Si-pair interpreted as due to the donor level ut 0.43 eVdiffusion model may no longer be favored. under the c. b. which is photoionised by light

with energy greater than about 0.5 eV. Large
concentration of this center suggest that it is
germanium-related.

251



G9.8 Development Div., 091-10, 3203, 3251 Hanover St..

DIFFUSION OF Ga VACANCIES AND Si IN GaAs. K.B. Palo Alto, CA 94304.

Kahen, D.J. Lawrence, D.L. Peterson, and G.
Rajeswaran, Corporate Research Laboratories, keV ion implantation in GaAs is known to cause
Eastman Kodak Company, Rochester, New York, 14650. amorphization of the region at the end of the ion

range. The near-surface region, however, is still
All impurity diffusion processes involve the crystalline albeit heavily compensated. We have
motion of intrinsic point defects, such as vacan- carried out deep level transient spectroscopy
cies. The specific example of Si diffusion in GaAs (DLTS) studies of the defect levels in the near-
will be examined. Using the Si-pair diffusion surface region of n-GaAs samples implanted with
formalism of Greiner and Gibbons, a new Si diffu- different doses of 2.5 keV 140+ ions.
sion model is developed based on the dominant
diffusion species being SiGa-V~a pairs, where VGa A comparison between the defect structures in the
is the Ga vacancy. In the mode , the unknown para- original and the implanted samples shows that
meters are the pair diffusion coefficient (D.) and implantation produced a broad range of defect
the equilibrium constant, which are fitted t9 the levels ranging from 0.58 to 0.3 eV from the cond-
experimental data. D is derived to be equal to duction band edge. This broad range of defects
one-half the Ga vacangy diffusivity. Next, an
experiment to determine the VGa diffusivity, Dv, has an unusually large capture cross-section. The
is described, and it is shown that the fitted D  intensities of the DLTS peaks increase with the
values approximately equal 0.5 Dv. The derivatign dose of 160+ ions. The presence of EL2, which was
of Dv is based on the observation that capping a present in the original samples, was not observed
GaAs quantum well sample with SiC 2 enhances the in the implanted samples.
thermal intermixing of the wells. This enhancement
is assumed to result from the introduction of Results from measurements made on samples that
additional Vaa into the sample. The intermixing have been implanted at 200 C and on implanted
was monitored by measuring the photoluminescence samples subjected to rapid thermal annealing will
shifts of the first electron-heavy hole peaks also be discussed.
following annealing of the samples from 800 to
1025 0 C. The measured shifts were compared with G9.11
the theoretical predictions. A relation for Dv
of the form 0.962 exp(-2.72 eV/kT) cmi/s was DEEP LEVEL LUMINESCENCE IN InP: PHONON FEATURE ANALYSIS
obtained. Using this result, the equilibrium VGa S.Banerjee, A.K.Srivastava and B.M.Arora, T.I.F.R., Homi
concentration (C ) was computed via an ensemble Bhabha Road, Bombay, India.
Monte Carlo simu tion. The derived exp ession for
Cv was 1.25 x I0 exp(-3.28 eV/kT) cm- 5. There are several recent reports on deep level luminescence

in InP. The deep level luminescence in InP is characterised
by broad overlapping bands which have been assigned to

G9. 9 native defects and impurities like Fe. Mn, etc. Presence of
MECHANISM FOR THE DIFFUSION OF Zn IN GaAs. K.B. several bands in random proportions in different samples
Kahen, Corporate Research Laboratories, Eastman has caused problem in obtaining their parameters uniquely.
Kodak Company, Rochester, New York, 14650-2011. Strong phonon features for Fe and Mn in InP have been

identified; however, the reported results do not agree due
The diffusion profile of Zn in GaAs is kinked for to lack of detailed lineshape analysis. The lineshape
most processing conditions. A model is presented analysis of the band C related to a native defect is far
to explain this phenomenon. The basis for the from satisfactory. Hence, there is a need to obtain accu-
model is that Zn diffuses by an interstitial- rate parameters which can describe the experimental spectra
substitutional mechanism. The Frank-Turnbull mech- due to these impurities or defects, uniquely.
anism is invoked to govern the interchange between
interstitial Zn (Zni) and substitutional Zn (Zns), We have measured photoluminescence of deep levels due to
via the Ga vacancies (VGa). These vacancies are Fe. Mn and band C in InP at 1OK. For the first time, line-
proposed to be either neutral or singly-ionized, shape analysis using configuration coordinate model has
depending on the position of the Fermi-level. The resulted in consistent parameters (see Table) describing
temperature dependence of the ionization level is each defect uniquely. Strong TO phonon coupling in all
given by the Van Vechten-Thurmond model of the three defects was observed in all samples. The spectral
entropy of defects. In addition, two physical features obtained for several samples can be consistently
phenomena are proposed. Interstitial Zn is gener- described by a composite of one or more of these defects
ated not only at the sample surface but also by present in different proportions.
the thermal dissociation of Zn s into Zn i and VGa.
The second phenomenon is the formation of a Band Zero Phonon Energy Phonon Energy Huart-Rhys Coeff
neutral Coulomb pair between the the donor, Zn .+ (eV) (eV)
and the acceptor, Zn$-. This pairing is favorea I
energetically since it reduces the number of Fe 1.142 0.039 2
isolated point charges. The pairing leads to the Mn 1.185 0.039 1.4
diffusivity of Zni being a decreasing function of Band C 1.113 0.039 1.5
the concentration of 'n since Zn is relatively
immobile. The results o? the model are compared G9.12
with the kinked Zn profiles of Tiwari et al.(l).
A fit is made to the data at one temperature. The OPTICAL ABSORPTION AND PHOTOLUMINESCENCE
results of the model are shown to be in good FROM LOCALIZED STATES IN HEAVILY DOPED
agreement with the profiles at other temperatures InGaAsP:Ge. R.Raalakshmi; and B.M.Arora
using only one adjustable parameter, the diffus- T.I.F.R , Bombay , India.
ivity of Zn! in undoped GaAs.
1. S. Tiwari, J. Hintzman, and A. Callegari, The absorption spectra (80K-300K) of heavily

Appl. Phys. Lett. 51, 2118 (1987). doped In.12Ga.2*As.6oP.4o:Ge shows a prominant
G9 Urbach tail and the photoluminescence

10 (14K-200K) shows a broad-band emission below
DEFECTS IN THE NEAR-SURFACE REGION OF 2.5 MeV the band gap energy. The experimental results
140+ IKPLANTED n-GaAs. C.C. Tin and P.A. garnes, are compared with the calculated spectra
Dept. of Physics, Auburn University, AL 36849; involving transitions between the conduction
T.T. Bardin and J.G. Pronko, Lockheed Research & band states and the disorder induced tail
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states above the valence band edge. disorder induced band tailing are quite different
from the results published previously by Das et

Photoluminescence calculation shows that al. We applied this theory to investigate the
the observed band is a superposition of several deep level transienu Lpectra (DLTS) and isother-
Stokes-shifted phonon replicas with the mal capacitance transient spectra (ICTS) in
Huang-Rhys factor=3. The zero phonon line Al Gal.XAs and InxGa 1  As. Our results indicate
shape is obtained by assuming an exponential that standard experimental measurements with DLTS
density of states at valence-band edge ,a and ICTS, in general, can overestimate the acti-
constant transition matrix element, and a vation energy, capture cross-section, etc even
non-equilibrium distribution function for in the case of weak disorder. Finally, a
holes which takes into account the capture comparison between the simulated and measured
and emission kinetics of the tail states. DLTS and ICTS show some new results.

The absorption spectra are G9.15
calculated considering band-to-band transitions
as well as tail-to-band transitions SURFACE AND INTERFACE DAMAGE CHARACTERIZATION OF REACTIVE
accompanied by phonon interaction . A ION ETCHED MBE REGROWN GaAs. M.W. Cole, M. Dutta, J. Rossa-
peculiarity of these materials is that to bi*, Doran.D. Smith and J.L. Lehman + , US Army ETDL, Ft.
obtain good quality fitting of the Monmouth, N.J. 07703, Quest Tech, Inc., Eatontown, N.J.
calculated spectra to the measured results, a 07724, + JEOL, USA Inc., Peabody, Mass 01960.
reduced value of the electron Fermi level is
necessary as compared to the value obtained from In this study damage resulting from reactive ion etching
the Hall-electron concentration. (RIE) and wet etching of MBE grown GaAs and the defects

generated in subsequent regrowth has been evaluated by
G9.13 several techniques. The four MBE grown GaAs samples ana-
VOID FORMATION AND THE CORRELATION WH THE lyzed were cleaved from the same wafer, three of which wereREIDUCOATION D C E COCEATION WINH S- reactively etched with HCl at 300W and 150W, Cl 2 at 150W
REDUCTION OF CARRIER CONCENTRATION IN Si- while the fourth was wet etched in a solution ofIMPLANTED GaAs. Kei-Yu Ko, Samuel Chen, S.-Tong H20:H 3PO4 :H202 as a comparison. All were then regrown
Lee, Longru Zheng, Corporate Research together to keep the growth conditions the same. Photolumi-
Laboratories, Eastman Kodak Company, Rochester, nescence (PL) spectra were taken at different temperatures
New York 14650, and T.Y. Tan, Department of and a fit was obtained to the temperature dependence of the
Mechanical Engineering and Materials Science, PL intensities. The L0 phonon intensities measured by room
Duke University, Durham, NC 27706, and temperature Raman spectroscopy showed a strong correlation
Microelectronics Center of North Carolina, to the relative PL intensities, where the HCI sample was
Research Triangle Park, NC 27709. found to be inferior to the others. TEM microstructural

evaluation showed both HCl RIE samples to have significant
Small, near-spherical voids were recently interface roughness, with the sample etched at 300W showing
observed in the near-surface region of ion- the most structural damage in the regrowth region. Defects
implanted and annealed GaAs. We report the were dominated by microtwins on (il) planes with average
measurements of dopant and carrier width of 85nm (300W) and 50nm(150W). High densities of
concentration profiles of GaAs implanted with dislocation tangles were evident in the 150W HCl sample.
220 keV Si at doses varying from 3xIQ1 3 cm- 2 to Defect densities for the C12 and wet etched samples were
lxl0 1 5 cm- 2 and annealed at 8500 C for one hour. three times lower than that of the HCl etched samples.
In high-dose implanted samples voids were found Lattice damage in the CL2 and the wet etched samples con-
in the near-surface region by transmission sisted primarily of dislocations emanating from the inter-
electron microscopy. In the same region face region and a few narrow l8nm microtwins. The extent of
secondary ion mass spectroscopy measurement disorder in the regrowth region was largest for the HC1
revealed an inhibition of dopant diffusion sample (233nm) versus narrower defect band for the CL2 and
while C-V profiling measurement showed a severe wet etch samples of 142nm and 166nm respectively.
reduction of carrier concentration. The
correlation between the presence of voids and G9.16
the suppression of carrier concentration is
discussed. DIFFUSION OF ION-IMPLANTED TIN IN GALLIUM ARSENIDE.

FL..A An, Department of Materials Science and Engineering,
G9.14 Stanford University; M.D. Deal and J.D. Plummer, Integrated
DISORDER INDUCED BAND TAILING EFFECTS ON DEEP Circuits Laboratory, Stanford University, Stanford, CA 94305.
LEVELS IN SEMICONDUCTORS. A. A. Teate and N.C.
Halder, Department of Physics, Univ. South Group IV atoms are used as n-type dopants in GaAs, but their
FL, Tampa, FL 33620. diffusion behavior is not well understood. The diffusion

mechanism of all Group IV n-type dopants appears to be the
same, and by studying tin, which has a high diffusivity, the

We have investigaoed the effects of disorder relative effect of implant damage on diffusion can be extracted.induced band tailing on deep levels in com-
pound semiconductor alloys, such as Al Ga1.5As
and In.GaisAs. In particular, we have The diffusion of ion implanted tin in gallium arsenide was
eliminated the assumption of Gaussian broadening investigated as a function of temperature, dose, background
of the defect density of states proposed earlier doping, and encapsulant properties. The chemical depth
by others on the basis of the central limit profiles were determined with SIMS and the carrier profiles
theorem. Since in GaAs, GaAs-alloys, and many were determined by Polaron CV Profiling. The data was fit
disordered systems exponential absorption edges
have been observed, we expect the density of using a numerical process simulator, SUPREM 3.5. Tin
states (DOS) should asymptotically exhibit this diffusivity was found to depend on the square of the electron
behavior, which may be represented by the con- concentration via the Fermi level effect. Implant damage plays
volution of the sharp level DOS and the dis- a significant role in limiting diffusion in the near-surface
ordered broadening function extending well into
the energy gap. The expressions derived for the
transient capacitance in the presence of the
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implanted region, while enhancing diffusion on the bulk G9.19
side of the implant. Reduction of DX center concentration in Sn - doped AIGaAs grown

In this paper the results of the tin diffusion experiments are by LYE and its meaning. In Duk Hwang, and Sin Chong Park,

presented and discussed. The behavior of tin is compared to Basic Research Department, ETRI, P.O.Box 8, Daedog Danji, Dajeon,

that of of ion-implanted germanium and silicon. Chungnam, Korea

G9.17 Y DX centers in Sn-doped AlGa,.,As grown on the GaAs substrates of

Pd/Au:Be OHMIC CONTACTS TO p-TYPE GaAs. KM. Schtz, different orientations are studied for the firt tie by Capacitane-
Jiao, R. Sharma and W-A A..Andmunp. Center for Electronic and
Electro-optic Materials, Department of Electrical and Computer En- Voltage method and Deep Level Transient Spectroscopy. In AIGaAs:
gineering. State University of New York at Buffalo, Buffalo, NY Sn grown on (100) substrates, two types of traps, trap A and trap
14260; G. Rajeswaran and L.R. Zheng, Corporate Research
Laboratory, Eastman Kodak Company, Rochester, NY 14650;, M.W. B, are observed to have strong dependence on Al mole fraction x.
Cole, U.S. Army Electronics Technolog and Devices Laboratory, Fort The concentration of trap B showing its DLTS peak at - 160K is
Monmnouth, NJ OfrrD. much higher than that of trap A for x > 0.3.
Stable, low resistance ohmic contacts to p-type GaAs were studied for
use in semiconductor laser applications. Comparison was made be-
tween Cr/Au. Pd/A, Au:Be and Pd/Au:Be metalllz'tons. Regions of Unexpectedly, the concentration of both trap A and trap B in the

P' were formed in N-type GaAs by ion implantation of Zn followed (111) Ga and (111) As face samples with x > 0.3 are observed to
by rapid anneal at 901fC for 5% compared to a spin-on sourg whiq be one order of magnitude lower than those in the (100) face samples
was 3rapid diffused at 9500C for 6L Surface doping of 2xl0 -2x10"
/AM and junction depths of 0244 m were determined by SIMS, with the same Al composition, even though the DLTS activation
groove and stain, and electrochenical profile. Metallizatons were ac-
complished by thermai evaporation with a base pressure of 14104 energies of three groups of samples are observed to be the same.

Ton. Sintering of the metallintions was done by furnace or RTA at
350*C. This sintering temperature was selected after RES studies Believing this result is caused by the difference in the atomic
predicted an absence pf significant interdiffusion. Pd/Au:Be gave the arrangement around a So atom, a new model for the DX center is
best result of I pli-esn based upon transmission line, cross-bridge Kel-
vin and van der Pauw studies. A layer of BeO was revealed on the sur- proposed. In this model, a Sn atom acts as a DX center when the
face of AujBe contacts by Auger studies. Cross-section TEM studies second nearest neighbor Al and Ga atoms have an anisotropic ordering.
on Pd/Au:Be revealed a uniform layer of alloyed Ga-As-Au with an
absence of sping. Pd/Au and AunBe metalizations were inferior to G9.20
the Pd/Au:Be due to spiking and other imperfections. Stability is re-
lated to interdiffusion and alloying phenomena- HOT-CARRIER EFFECTS ON OPTICAL PROPERTIES OF

GaAs/AlxGal.xAs QUANTUM WELLS. W.M. Chen B. Monemar, P.O.
Holtz. Department of Physics and Measurement Technology. Linkdping

G9.18 University, S-581 83 Linkdping, SWEDEN; and M. Sundaram, J.L. Merz

VOID FORMATION, ELECTRICAL ACTIVATION AND and A.C. Gossard, Department of Electrical and Computer Engineering,

LAYER INTERMIXING IN Si-IMPLANTED University of California, Santa Barbara, California 93106, USA.

GaAs/AIGaAs SUPERLATTICES. &ITngjLee Samuel In thiis paper we report a study of hot-electron effects on optical properties
Chen, Kei-Yu Ko, Mary L. Ott, 0. Braunstein, Corporate of GaAs/AIxGa,.xAs quantum wells, by photoluninescence (PL) in
Research Laboratories, Eastman Kodak Company, presence of an external magnetic field and a microwave (MW) field. Both

single quantum wells (SQWs) and multiple quantum wells (MQWs),
Rochester, NY 14650, and T. Y. Tan, Department of grown by molecular beam epitaxy (MBE) with modulated doping, were
Mechanical Engineering and Materials Sciences, Duke studied in this work. A profound enhancement of the free exciton (FE)
University, Durham, NC 27706 and Microelectronics emission from both SQWs and MQWs is observed with MW irradiation.
Center of North Carolina, Research Triangle Park, NC This is attributed to effects of hot-electrons, which are cyclotron resonance

27709 accelerated in the MW electric field, as evident from the characteristic
dependence on a static magnetic field. The mechanism responsible for the
giant enhancement in PL emission intensity of the QWs in the presence of

We have found small, near-spherical voids in the hot-carriers is studied in detail, and is discussed in terms of the following
near-surface region of ion-implanted and annealed two main contributions. First of all, impact ionization of excitons (FE:s or
GaAs/AIGaAs superlattices and GaAs. Voids were excitons bound at shallow impurities (BE:s)) and/or of shallow impurities

in the AlxGaIt.xAs energy barriers Is readily realizable with the
generally observed in annealed samples implanted experimental conditions, as can be directly seen by a strong quenching of

with 220 keV Si to a dose >3xl01 4 /cm2. We have luminescence from the barrier. This process blocks, at least partly, the
suggested that, because of its internal surfaces, the shunt pass of the photoexcited free carriers in the barrier so that they are

mainly accommodated in the GaAs energy well. Secondly, an increase ofvoids can act as sinks for vacancies, trap impurities free electron temperature To in the bariers may result in an increase in the
and suppress dopant activation. C-V profiling results diffusion into the well, and consequently enhances the number of the
showed that electrical activation of Si implants by excitons in the well. The direct mle of the external perturbations (magnetic
thermal annealing was severely suppressed in the field and MW) on the exciton formaon and recombination in the well (via
near-surface region of superlattices where voids and modifying the electronic energy ind wavefuncdon of the excitons) is also
mixing inhibition were found. The reduction in studied, via resonant opdcal exciudon of the excitons.

carrier concentration, attributable to the presence of
voids, is used to explain the anomalous phenomenon
of the inhibition of enhanced layer intermixing in
the near-surface region of superlattices.
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G9. 21 G9 . 23

THE NATURE OF NATIVE DEFECTS IN LEC GROWN IMPROVED HOLE DIFFUSION LENGTHS IN BULK n-TYPE GaAs
SEMI-INSULATING GaAs BY THERMALLY STIMULATED FOR HIGH EFFICIENCY SOLAR CELLS. D. Wong. T.E.Schlesinger, and A.G. Milnes, Carnegie Mellon University,
CURRENT SPECTROSCOPY. Zagiang.ang, Lei Shen, T.E. Pittsburgh, PA 15213.
Schlesinger and A.G. Milnes, Department of Electrical
and Computer Engineering, Carnegie Mellon University, We report on a simple method of wafer annealing which

PAd 1521r Eis effective in raising minority carrier diffusion lengths
Pittsburgh, PA 15213. in n-type bulk GaAs to above the value necessary for

efficient solar cell performance. This treatment also
In-doped semi-insulating GaAs has a low dislocation decreases the concentration of many deep level defects

doesmi-hinstny cobserved by deep level transient spectroscopy in bulk
density but this does not necessarily correlate with a GaAs (both electron and hole traps) and may prove useful
low trap density. This has been studied by thermally in preprocessing of GaAs for applications other than
stimulated current spectroscopy (TSC) with intrinsic photovoltaics. Wafers of n-type LEC and HB GaAs were

(9en proximity anneals in sealed quartz ampules at
(1.96 eV) and extrinsic (1.15 eV) light for both In doped 91500C for periods of 1 to 64 hours. 16 hour anneals were
and undoped LEC materials grown under various found to be optimum at this temperature and brought
non-stoichiometric conditions. Significant differences about an increase in hole diffusion lengths of up to afactor of 3 from starting values of L of between 0.6 gm
are seen in the bulk trap spectra associated with and 1.1 .m to as high as 3.0 gin as determined by
Ga-rich and As-rich material and with isoelectronic In electron beam induced current measurements. Both Te

and Si doped specimens annealed under identicaldoping. Proximity wafer- annealing at 9500 C has been conditions were found to show this improvement even for
shown to improve minority carrier lifetime in n-type wafers obtained from boules which had been given an
GaAs and we show that in semi-insulating GaAs this ingot anneal by the manufacturer. A minority carriertrap which we have labeled HCX (Ey+0.29 eV) appears to
causes changes in trap structure. From such thermal be the lifetime-limiting defect in this material. We have
studies and the effects of non-stoichiometric growth, also measured the photoresponse of improved material
the probable nature of the traps commonly seen is using an electrochemical (transparent) diode and with

p+n diffused junction solar cells. A significant
inferred. Traps T2 (0.49eV), T3 (0.33-0.44eV), T5 improvement in the photoresponse, especially for the
(0.26eV), and T6 (0.21eV) are tentatively identified as long wavelength portion of the spectrum has been
As++, a VAs-related complex, VGa and Ga, observed.

respectively. G9.2 4

THE STUDY OF CONTA.MINATION OF CARON, 3ORON, AND OXYGEN N
G9.22 LEC-GAAS. Yoshiko Iton, The Institute of Physical and

Chemical Researcn, Wako, Saitama, Yosninori Kadoca,
PRESSURE EFFECTS ON DEEP LEVELS IN SEMICONDUCTORS Sumitomo metal mining Co., Ltd., Kunitomi, 9okkaido,
Ken-ichi TAKARABE and Shigeru MINOMURA, Department Hiroto Fukusima, Japan Analysis Canter, Sanno, Chiba, and
of Physics, Okayam University of Science, Okayama Miklo Takai, Osaka University, Toyonaka Osaka.
700;Masahiko Kusaka, Okayama University, Okayama it is important to control and suppress residual
700,;Koichiro MATSUDA, Horiba Ltd., Kyoto 601 impurities such as carbon, boron and oxygen in a LZC-GaAs

crystal. To date, however, the contamination benavior of
Pressure has been a powerful tool better to such impurities has not been clarified, since lirec

-

understand semiconducting properties. We here measurements of sucn impurities were not possible. In t is
report that the pressure effect on the deep D study, the concentrations of carbon, boron and oxygen in

center found in In-doped ZnSe, and the DX center samples pulled by the various experiaental conditions were

in AlGai i measured by a newly developed CPAA(cnarged particlenAxaI _XAs :Si .
I e rativatj 1 n analysis) s19thod. The reac tioIs used were

'CdnN, natsB~n C and 
1
Oo(He, p) . for carmonIsothermal pressure derivative of emission rates "c(d,n)J, nB(d,xn)C nd1(3re,)1Forctn

The carrier concentrations of epitaxial layers of boron, and oxygen, respectively.
ZnSe grown on (001)GaAs substrates by low-pressure
vapor-p zse epigxy wire systematically controlled Carbon in LZC GaAs was found to be introduced as CO from

from 10 to 1O "u cm - J tuning the In cell the ambient atmospnere; the oxygen concentration n -a
crystals was related to the concentration of watar in 3:03

temperatures. Upon the incorporation of In, the and decreased with the duration of melting. An
deep electron trap(E =0.7eV), 0D center, is equilibrium discribution coefficient of oxygen in GaAs
induced. It was found that the loading of crystals at solidificat-on ratio of 0.5 was found by our

pressurs up t8 1.5;Pa decrease the emi~sion rate direct measurements to be 0.08, iae value ot wn.c" was

from 10 to 10 sec by a factor of 10- . The smaller by a factor of 3.5 than that reported before.

observed large reduction of emission rate upon
pressures is interpreted as indicating that the G9.25
emission of electron from the D center accompanies
with the large change in activation volume. By THE ROLE OF CHARGED POINT DEFECTS ON THE
general thermodynamical re ations, the activation DIFFUSION BEHAVIOR OF SILICON IN GaAs. Jeff J.
volume is evaluated to 16Ai, and equivalent to the Murray. David A. Stevenson, Department of Materials Science
change of 8% in the bond-length of ZnSe. and Engineering. Stanford University. Stanford CA and Michael
Multiplicity of DX center of Si-doped AlxGa. As D. Deal. Center for Integrated Systems. Stanford University,
The recent DLTS studies show two closesly4_epid"DX Stanford. CA.
centers in Si-doped AlxGai _Aa. It was previously
found that the pressure induce the metastable DX Since - ;n is a commonly used dopant in the fabrication of
center in Si-doped GaAs, however the multiplicity GaAs N :ET and JFET devices, its diffusion behavior is of
of metastable DX center is not resolved. We will great tec-rological importance. It has been known for some
present the experimental results on the time that the diffusion behavior of implanted silicon is markedly
multiplicity using the isothermal transient different from that observed from controlled solid source
capacitance spectroscopy under pressure.
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experiments. In order to understand this difference a close look G9.28
at the defect chemistry of the GaAs is required. X-ALPHA CALCULATIONS OF Sn DOPING IN GaAs. D,", Union and M. Wil-

I t ne, Physics Department, University of Lowell, Lowell, MA.
In the current study we have used several types of dopants to
modify the point defect chemistry of the GaAs prior to
implantation and subsequent annealing. We have noted enhanced We report on Multiple-Scattering X-alpha Self-Consistent-Field calcu-

silicon diffusion for different n-type GaAs substrates and retarded lations of Sn doping, Including formation energies, in 17- and 29- atom
silicon diffusion for p-type substrates. cluster models of GaAs, both as a substitutional and an interstitial defect.

Results for lattice substitution share many qualitative similarities with
In addition, we have used MOCVD and MBE grown structures those reported In the literature for other substitutional amphoteric de-
with stepped silicon doping behavior. These structures allow us fects. Comparisons are made between various ways of simulating the em-
to study silicon diffusion behavior in well controlled silicon beclng of the clusters in bulk GaAs.
concentration gradients at specific silicon doping levels. As a
result we can predict the diffusivity of silicon as a function of G9.29
background doping or more explicitly as a function of the Fermi
level position in the crystal. BERYLLIUM DOPING IN MBE GROWN GaAs AND

AIGaAs. Joseph Pellegrino, NIST, Gaithersburg, Md.;
G9 .26 James Griffin and Micheal Spencer, Howard Univ. MSRCE,
MAGNETICALLY STABILIZED KYROPOULOS GROWTH OF Washington D.C.
InP. Steven Bachowski. Brian S. Ahern. Robert M.
Hilton. Joseph A. AdamskiRome Air Development
Center. Hanscom AFB MA 01731 Beryllium is an effective p dopant in GaAs and AlGaAs

A new crystal growth furnace with axial magnetic and plays an important role in the device characterizations
fields of 4.3 kGauss has been applied to the of hetero bipolar transitiors. This work examines the room
growth of 50 and 70mm diameter InP crystals by temperature and liquid nitrogen hole mobility for two se-
the Liquid Encapsulated Kryopoulos (MLEK)
technique. This method has resulted wafers with ries of beryllium doped samples; GaAs and AlGaAs. Both
low and uniform dislocation densities. Results series were grown by MBE with active layer thicknesses
will be presented showing how strong axial
fields have reduced the buoyancy driven ranging between 0.5 - 1.5 m/i. Within each series the dop-
convection and how the dislocation density has ing ranged between 3.0x101 5 cm- 3 to levels greater than
been reduced as a result of the the lowering of
the thermal gradients with the LEK method . 1.0xl0 cm . Mobility and carrier concentrations were

obtained through Hall measurements and an additional
G9.27 measure of the concentration profile was obtained using
TEMPERATURE DEPENDENCE OF SCATTERED LIGHT INTENSITY BY polaron measurements. Ohmic contacts for the Hall mea-
PRECIPITATES ALONG DISLOCATIONS IN AN In DOPED LEC GaAs surements were obtained using a Zn-In alloy. The mobility
CRYSTAL. Kazufumi Sakai and Tomoya Ogawa, Department ofPhyscs. Gak shui Unverity, Mejro, Toky 17, Jpanm easurem ent results suggest the onset of carrier compen-P hy s ic s . G a ku s h u in U n iv e rs ity , M ej ir o , T o ky o 17 1 , J a p a n s t o n o s b e t p o v r i n a i h r d p n e e ssation and possible type conversion at higher doping levels.

IR light scattering technique was used and developed to One possible explanation for this result is that at elevated
observe the dislocations as well as micro-precipitates such doping concentrations some beryllium is incorporated as
as swirls and growth striations in the semiconductors. Clear
images of dislocations inside GaAs crystals by the technique interstitial donors or defect complexes. The results for
are going to use detection of the micro-defects. However, both the GaAs and AlGaAs series will be presented and
the scattering mechanism of the light are dependent upon discussed.
types of defects and frequency of incident deans, while it
siould include many informations about the scatterers. One G9.30
of the models was proposed by Ogawa~i] to esplain theehsof the l h proscattering byroesw hh toexa the ANOMALOUS LUMINESCENCE PROPERTIES OF GaAs GROWN BYmechanism of the light scattering process, which obeyd the MOLECULAR BEAM EPITAXY. 1. Szafranek- M.A. Piano, MJ. McCollum.
resonance scattering formula related between the scattered S.L. Jackson. K.Y. Cheng and G.E. Stillman, Center for Compound Semiconductor
intensity and adsorption coefficient of light with a Microelectronics, Materials Reseah Laboratory and Coordinated Science Laboratory,
function of temperature of the specimen. University of Ilinois at Urbana - Champaign. Urbana 1L 61801.

GaAs layers grown by MBE possess unique photoluminescence (PL) features
In this paper , intensity scattered from the precipitates associated with unidentified shallow defects. The best known are the senes of fines in
along dislocations in an In-doped LEC GaAs crystal were the 1.534-1.511eV range, inducedbydefect-boundexcitons(Kunzel-Ploogpeaksl)
precisely measured as a function of the temprature with and broad bands in the 1.466-1.482eV region, originating. presumably, in related
three different frequencies of IR lasers. The peaks at 90, "defect-complexes" 2 Recently. we have repoed that the "g" peak at the high energy
123 , 210 . and 255K for 1.32/m radiation are with a limit of the K(lnzel-Ploog series is due to recombination of excitons bound to the

shallowest known acceptor-like defect in GaAs. labeled 'A".3 The activation energysimilarity obtained by other two laser beams operated at of this defectis-24.8 meV. about 1.7 meV less than thatofCA2.
1.15um and 1.061m. where the corresponding peaks slightly
shift to low temperature side . The resonance frequency and Additional low temperature PL studies have revealed that incorporation of this very
damping coefficient were evaluated by using the resonance common center results in dramatic changes in the optical properes of p-type MBE
scat ter ng mode I. s i nce they show the abrupt change a t abou . GaAs. most of which have been frequently observed in the past, but never related to

the presence of the "A" defect. We have found that with increasing concentration of150K. These temperature dependence can lie numerical ly the "A" defect: I) the relative intensity of the free exciton band goes through a
eiplained by Ogawa's model. maximum, where it dominates the near band-edge PL spectrum, and its lineshape
I) T. 0gawa: Jpn. J. Appl. Phys.. 25. 1986, L916 transforms into a single, narrow peak; 2) a new. sharp line emerges at 1.513 eV;

3) neutral and ionized donor-bound exciton transitions dissapear almost completely,
regardless of the actual donor concentration and compensation ratio. determined
independently by Hall-effect measurements. This anomalous behaviour has led to
many reports, conceming chanuctenzaton of MBE GaAs and the nature of free exciton
recombination, which in view of our results were based on misinterpretation of Pt
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dai. A simple model will be proposed to explain the observed quenching of the GaAs grown on commercially-available silicon-on-sapphire indicates the
donor-related exciton transitions. The possibility of suppression of the "A' defect preF cnce of one discrete deep-level state located 0.28eV below the con-
incorporatonbyappropriatechoiceofIgrowth ramemrswillbedemonstmed. du .ion band edge, which is within 0.01eV of the El center unique to

Tris work was supported by the Joint Services Electomics Progrna, under contract N00O01. MBE GaAs-on-silicon. Certain types of crystallographic defects appear
84-C-0149. the National Science Foundation. under rants DMR 86-12860 and CDR 95. to contribute greatly to states distributed in energy within the band gap.: 22666 mid by ,D1O/IST contact DAAL 03-87-K.0013. These electrically active defects are expected to influence the characteris-
I. H. Kitnzel and K. Ploog AWi. Phys. Lau. 37, 4t6 (1980). tics of devices fabricated in the these novel materials.

S2. F. Bnones and D.M. Collins, I. Electron. Maser. It. 847 (1982).
3. 1. Sufranek. M.A. Pluao, M.J. M4Collum S.L. Jackson. K.Y. Cheng and G.E. Stillman,

1989 Electron. Maier. Conl, Boston. MA (to be published). G9 .33
G9. MOBILITY-LIFETIME PRODUCT OF PHOTOEXCITED ELECTROES IN

.31 G : THE ROLE OF EL2. George C. Vallev*, Hughes Research

POOLE-FRENKEL EFFECT ON THE DX CENTERS IN III-V Laboratories, Malibu, CA 90265, USA; H. J. von Bardeleben,
TERNARY ALLOYS. H.Altelarrea. J.Bosch, A.Pgrez, Groups de Physique des Solides do 1'Ecole Normale Supi-
J.Samitier and J.R.Morante. Departament de Fisica rieure, Centre National de la Recherche Scientifique

a ,

Aplicada i Electranica. Universitat de Barcelona. Tour 23, 2 place Jussieu, 75251 Paris Cedex 05, France.
Diagonal 645-647.Barcelona 08028.SPAIN.

By means of the isothermal transients, ITS, and The mobility lifetime products for photo-electrons in
their differences, DITS, the electrical semi-insulating GaAs, which fit successfully the results
parameters determination associated to the DX of photo-refractive studies undertaken in the presence of
center are reviewed. The dependence of the DX large AC electric fields or with a DC electric field and
centers thermal emission rates on the electric moving fringes are three orders of magnitude smaller than
field is reported to follow a Poole-Frenkel model those inferred from transport measurements or from the
applied to a level attached to L minima. The time photorefractive effect with no applied electrical field.
constant distribution originated by this feature
has been found to be the most significative in Consideration of enhanced recombination via EL2 effective-
orden to explain the non-exponential emission mass states linked to the L-conduction band minimum allows
transient and, on the other hand, the thermal us to fit the dependence of photorefractive beam coupling
activation energy shows a value which is in gain coefficient on grating period for both AC fields and
agreement with the Hall data. moving gratings. This cascade-capture process, which is
Likewise, the thermal cross section does not three orders of magnitude faster than recombination by
show dependence on the temperature in the multiphonon emission from the r band to EL2, leads to
interval measured, while the thermal activation greatly reduced mobility-lifetime products for field
of the capture time constant is determined by the strengths greater than 1 kV/cm. Our results establish the
free carriers activation from the absolute dominant influence of the EL2 defect properties on the
minimum up to L minima. These two aspects fit the recombination process of photocarriers. The detailed
capture kinetic whose parameters are found to understanding of defect recombination processes is
indicate rather a small relaxation unless high essential for modelling and optimizing the photorefractive
energy phonons are involved in the multiphonon effect in semi-insulating GaAs.
mechanism.
Both data, emission and capture, allow to * Visiting Professor at the Universit6 Paris XI, Institut
discuss a revision of the previous results d'Optique during part of this work.
deduced from the DLTS spectra whose behaviour is a associ4 1 l'Universit4 Paris VII.
explained and, at the same time, point out a more
simple model for the DX centers that those G9.34
suggested assuming broadening, cross section
distribution or fine structure. OPTICAL CHARGE TRANSFER PROCESSES IN SENC-INSULATING

GaAs. E. Christoffel, T. Benchiguer, A. Goltzeni and C. Schwab,
G9.32 Groupe 'Recherches Physiques et Matiriaux", C.R.N., Universiti

Louis Pasteur, 23, rue du Loess, 67037 Strasbourg Cedex France; K.
DEEP-LEVEL DOMINATED CURRENT-VOLTAGE CHARACTERIS- Chino and K. Satoh, Electronics Materials Laboratory, Sumitomo
TIC OF NOVEL ANDIprtentof SMteiCNUT Hcie dET er- Metal Mining Co.. Ltd. 1-6-1 Suehiro-cho, Ohme-shi, Tokyo 198,
TRUCTURES. K. Das, Department of Materials Science and Engineer- Japan; P.Bunod and E. .\olva, Division d'Electronique de Technologie

ing, North Carolina State University, Raleigh, NC 27695-7907
et d'Instrumentation, IRDI-CEA, CENG, 38041 Grenoble Cedex,

Various novel semiconductor heterostructures are currently being France.
developed for: (I) applications in extreme radiation environments. (2)
high speed applications, (3) optoelectronic applications, and (4) monol- The optical charge transfer processes is studied by means of the
ithic integration of Si-based electronics with GaAs-based optoelectronics. Electron Paramagnetic Resonance (EPR) technique on purposely
With silicon-on-insulator and GaAs-on-silicon-on-insulator composite prepared samples chiefly containing photoquenchable grown-in As,+
structures, integration of radiation-hard, latch-up-free, submicron CMOS and electron-induced STI paramagnetic centers. This mechanism is
technology with optoelectroic devices could become a viable technology, described quantitatively by a model taking into account the well-
Silicon substrates with buried implanted oxide layers and silicon-on- known similarity between the optical behaviors of the mid-gap donor
sapphire with GaAs heteroepitaxial films are potentially important EL2 and the photoq-aenchable antisites. It leads to a determination
materials systems for the above applications. In order to characterize of the total content of the latter independant of initial paramagnetic
these materials electrically, a study of current-voltage characteristics of fraction. STI becomes paramagnetic by capture of a hole, thus we
metal-semiconductor contacts formed on these various semiconductor infer it to be paramagnetic in its neutral acceptor state, STI 0 .
films has been carried out. The dominant transport mechanism in all
these films appears to be deep-level-dominated, space-charge-limited- This approach is then used for analysing the compensation mechanism
current conduction. The deep-level parameters, which were determined between donor and acceptor states in post-growth annealed materials.
using a straight-forward analysis, appear to be sensitive to the type of Under illumination, an intricate interplay between several assumed
crystallographic defects initially present in a film and the defects intro, intrinsic defects like Asc,, STI, SF, FRI, FR2 and FR2' and extrinsic
duced or removed by subsequent annealing and processing. In some ones like Fe' - 

is revealed. Here the peculiarities of the model appear
cases, the determined discrete levels using the present approach are in
excellent agreement with reported DLTS data. In particular, the
analysis of the I-V characteristics obtained from heteroepitaxial MHE

257



as an efficient tool for separating the various signals and for identifying G9.37
the electrical nature of the corresponding defects. Balancing released Ge RELATED DEEP LEVEL LUMINESCENCE IN InGaAs LATTICE MATCHED
and trapped carriers in terms of defect concentrations may further TO InP. S.S. Chandvankar, A.K. Srivastava, B.M. Arora and
help identification of spectra of insufficient EPR signature. D.K. Sharma, Tara Institute of Fundamental Research, Homi

Bhabha Road, Bombay 400005, India.

G9. 35 There is considerable interest in the study of deep levels
COMPARATIVE OPTICAL STUDIES OF Cu, Mn, AND C IMPURITIES IN in III-V compound alloys. We have studied the deep level
BULK LEC GROWN GAAS BY ELECTRON BEAM ELECTROREFLECTANCE luminescence associated with the amphoteric dopant Ge in
(EBER) AND PHOTOLUMINESCENCE (PL). M. H. Herman, I. D. InGaAs grown lattice matched to InP.
Ward, Charles Evans & Associates, Redwood City, CA; and P. The InGaAs layers are grown by liquid phase epitaxy on InP
J. Pearah, Spectrum Technology, Holliston, MA. substrates. Ge is added to the melt prior to growth.

InGaAs layers grown with different amounts of Ge are studiedWe have used both 300K and lOOK Electron Beam by Hall measurement and photoluminescence. Results of Hall
Electroreflectance (EBER) and 4K photoluminescence (PL) to bea urements show that Ge doping produces net p-type
measure optical transitions. A series of LEC grown GaAssho tatpe dopi de e p-type
were studied which have been contaminated primarily conduction. The samples show a wide range of carrier
individual elements Cu, Mn, and C at levels above 101 /cm

3
. concentration starting with n - 8 x 10' cm for the

undoped sample to p - 5 x 1017 cm- 3 
for the sample with theIn an uncontaminated control sample, we find evidence for highest Ge doping. The layers are, however, highly

strong excitonic effects in the EBER lineshape, even at highested.
300K. For the contaminated samples, we find evidence for compensated.
characteristic optical impurity transitions below the E0  The PL measurements are made at 10K. The Ge doped samples
band gap of the GaAs in both spectroscopies. However, in show a broad deep level luminescence band covering the
general the estimated impurity binding energies by EBER energy range 0.55 - 0.75 eV. The peak of luminescence
are not equivalent to established PL or DLTS values, shifts to lower energy with increasing p-type doping due to

Ge. The PL spectra also show strong dependence on the
The correlated appearance of impurity peaks below the excitation power. The peak of luminescence shifts to higher

split-off E0+A band may allow their assignment to either energy with increasing excitation power. The spectra show
donors or acceptors in modulated reflectance studies [1]. the existence of several deep levels. Preliminary analysis
None of the present cases showed corresponding transitions of the data resulted in the luminescence peaks at 0.73,
below E0+A0, suggesting that the impurity features below E0  0.70, -.68 and 0.66 eV. We think that Ge doping gives rise
possibly arise from acceptor transitions. Alternatively, to complex formation which depending upon the atomic
the reduction of light penetration into the GaAs above the configuration of its neighbours creates several deep levels.
E band gap, reducing the sample interaction volume, may Similar effects have been seen in ZnSSe mixed crystals.
also explain this null observation.

G9 .38
[1] M. Cardona, K. L. Shaklee & F. H. Pollak, Phys. Rev.
154(3) 696, 1967. CARBON DOPING IN InGaAs GROWN BY MBE.

Hiroshi Ito and Tadao Ishibashi,
G9.36 NTT LSI Laboratories, 3-I Morinosato Wakamiya,

CORRELATION OF FREE CARRIER CONCENTRATION MEASUREMENTS IN Atsugi-shi, Kanagawa, 243-01 JAPAN
GaAs BY NON-CONTACT OPTICAL ELECTRON BEAM

* ELECTROREFLECTANCE (EBER) AND PHOTOREFLECTANCE (PR) TO Carbon doping in In Ga As was investigated using
ELECTRICAL HALL EFFECT. D, K. Gaskill, N. Bottka, R. S. x l-x
Sillmon. Naval Research Lab, Washington. DC; M. H. Herman, solid source MBE for the first time. A graphite filament

I. D. Ward, Charles Evans & Associates, Redwood City, CA; was used as a carbon source. Indium mole fraction x
and C. L. Reynolds, AT&T Bell Laboratories, Reading, PA. from 0 (GaAs) to 1 (InAs) were tested. Epi-layers

were grown directly on semi-insulating GaAs substrates.
We have used the non-contact modulation spectroscopies Growth temperature was varied between 400

0
C and 650 0 C

electron beam electrorefleccance (EBER) and
photoreflectance (PR) to measure optical transitions at depending on mole fraction x. Resultant V/Ill ratio was
the E. band gap in a series of N-type Si-doped GaAs. The about 5. Free carrier concentrations and mobilities were
free carrier concentrations within these samples were measured by the van der Pauw method.
measured bv Hall effect to cover a range between 101

5
cm-

3

and 2 x 1017cm
"3
. We find consistent agreement between the Under a constant doping concentration (6 x 1018 cm

-3

electrical Hall measurements and the optical estimates of
the carrier concentration by both independent modulation free carrier concentration decreases as x increases from

spectroscopies. 0 to 0.54. In this region, conduction type is p. Hole

mobility also decreases with increasing x. When x is
The method of optical carrier concentration measurement is higher than 0.68, conduction type is n. Electron
based upon the field-dependent Franz-Keldysh oscillations concentration and electron mobility increase with
which exist above the. E0 band gap. From the depletion increasing x. These results indicate that conduction
region model, the surface electric field F , arising from
the difference between the pinned surface termi level and type inversion, which occurs when x is about 0.6. is
that of the bulk, decreases linearly from the surface, due to a self-compensation. Occupation probability of
Using the heavy-hole and electron reduced mass, the III or V site by C atoms is thought to change gradually
electric field is calculated from EBER and PR spectra by depending on the binding energy difference among
established methods. The optically estimated electric C-Ga, C-As and C-In.
field is found to lie between the calculated F and an
estimated mean field Fs/I . We present an mpirical G9.39
relationship between the EBER, PR and Hall measurements,
from which very accurate estimations of carrier SURFACE STRUCTURE OF SULFUR COATED GAAS. Yoshihisa
concentration can be made optically. FUJISAKI, Shigeo GOTO, Central Research Lab.,

Hitachi Ltd., Kokubunji, Tokyo, JAPAN

Recently, sulfur passivation of GaAs crystal has
got a great attention since it improves the

quality of GaAs surfaces. It is thought to be
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attributed to the termination of dangling bonds of a semiconductor layer has nearly the same average binding
the surface atoms by sulfur. However, the detailed energy as it would in the bulk semiconductor equivalent of
surface structure has not been clarified enough. that layer. Also, an impurity forms a resonance state
Actually, two models have been proposed on the attached to each quantum well subband. Quantum size

termination of free bonds. In this study, the effects displace the actual bandedges from their

surface structure of sulfur coated GaAs was corresponding virtual bandedges and thus can convert a

investigated using photoluminescence(PL), X-ray resonance level into a deep level. Furthermore, binding

photoelectron spectroscopy(XPS), and RHEED. The energies have oscillatory deviations from the average

specimen used were (100), (111 )A, and (111 )B GaAs binding energy described above. These deviations can be
wafers. The sulfur passivation was performed in correlated with the nodal positions of the quantum well
(NH4)Sx at 50sC for 10 minutes. The enhancement of states, and thus the binding energy of a deep level depends

PL intensity was remarkable for the sulfur on the position of the impurity within the quantum well.
treated (1 1 1 )A wafer, but it's not so obvious for Interface roughness can act as a deep level by binding or
(11 1 )B wafers. Due to RHEED observation, the localizing an electronic state. The effect of interface
sulfur treated ( 1 11 )A surface has 1 x1 non- roughness on low field mobility, high field drift velocity,
reconstructed structure, whose clean surface is and photoluminescence of quantum wells will be analyzed.
2x2. This non-reconstructed structure implies the In particular, the role of interface roughness in
termination of Ga dangling bonds on the A controlling the saturated drift velocity of light holes in
surfaces, which decreases the surface state InGaAs/GaAs quantum wells will be described.
density of a crystal and enhances the PL
intensity. To the contrary, both patterns *Supported by US DOE under Contract DE-AC-04-76DP00789.

corresponding to sulfur treated and untreated
(111)B surfaces were halo. This is due to the G9.42
thick oxide upon the (111)B surface.

Ga T.UNS OT AND PTAXY Z TUE £ORPOU-e/Pd $1/[111] 
i

In the XPS study, the smaller amount of sulfide SYSTEM .Z.J n, J.G.Zhu and J.W.Mayer, Deoartment of
and oxide were found on the sulfur treated (111)A 1terialil$cience and Ingineerlng, CoAMell University,

surface compared with those on the sulfur treated Ithaca, Nov York 14853

(111)B, which coincides with the RHEED data. Solid phase epitaxy (SP) of Ge-SI alloy on 11111 Si

substrates was achieved in the amorphous-Ge/Pid Stillll Si
G9.40 system. Channeled Rutherford backscattering 1pectrometry

and high resolution cross section transmission electron
ELECTRICAL AND PHOTOLUMINESCENCE PROPERTIES OF Mg* and C IMPLANTED microscopy were used to investigate the reaction process.

ACCEPTORS IN InP. A.C.Be. A. Yamada. A. Shimizu. H. Shibata. H. Tanoue. K.M. The Sfl started with the jigration of Ge atoms Into the
,pitaxial Pd SI layer at 600 C. Then single crystalline

Mayer. H. Sugiyami. K. Kamiioh. T. 0da, 0. Arriga and Y. Makita. Electrotechnical Ge islands vire formed on the Si substrate. Finally the Ge
oslandl. coalesced to form a uniform epitaxial Ge $,I

Laboratory. 1- 1-4 Unterone. Tsukuba-shi. lbaaki-ke. 305 Japan. layer in the (1111 S1 substrate. In the meantiml? tW
Pd $i efthanged positions with the Ge layer, leadIng to a

lon- implantation is carried out in nominally undoped bulk InP substrates with fiial configuration of ?d Si/epi-Ge $13 /[lll] Si. The
minimum yield of the epitaxitl layer wN 02, measured in

single energy of 100 keV for Mg* whereas flat profile C' implantation is obtained the presence of the top polycrystalline Pd2 Si.
using several energies up to 400 keV. The net carrier concentration profile at

300K is measured by C-V method. The photoluminescence (PL) is collected from G9.43 ABSTRACT NOT AVAILABLE

the etched area where the carrier concentration is comparable to that of the G9.44

unimplanted water 4.9x)015 cm-3 ). The ground and excited states binding NON-LINEAR DIFFUSION IN HgCdTe/CdTe MULTHLAYERS. Y

energies of Mg and C acceptors are accurately determined by low-temperature jam, A. ourtazd, R.D. Feldman. and J.A. Rentschler, AT&T Be

selective excitation of PL using an Ar" pumped dye laser. In addition, a sharp Labs, Holmdel, NJ 07733.

emission line peaking at 1.3968 eV is found to be dominant in the annealed We apply the combination of chemical lattice Waing and vector
patter recognition 

to he HgCdTc/CdT 
e steM t determn 

as a

samples. Its energy position and spectral shape (with a low energy shoulder) are panton of nneaing tempera/ dte the som ,osition o asa

similar to those of isoelectronic 8i bound exciton line well characterized in atomic pofIes MOSS each terae of a cmp tilnU e ta kdal

intentionally Bi-doped InP. Its intensity is found to decrease with Increasing C* The resultant composition profiles, which directly reveal the cheMical

dose from 5.9x 1011 cm-3 to 5.9x013 cm
"3 confirming that C is not involved, change across each interface at near-atomic resolution and sensitivity,

are analysed in terms of linear and non-linear difusion theory, toThis emission band is not detected in the unannealed virgin aler. Finally its dedce he interdiffuioo coeiient ad its acv-tonl e,¢r~.

detec tion in annealed and unim plan te d bulk lnP clearly indicat e an an nealing 0 1 ur re sts sh o w in terd i fus on to b e a se sive f nc oa o f th e

induced- ctivation process of displaced Bi im purity of f to regular substitutional in't rface depth benea th t e surface. A na Iis i n t ers of ine r

site. T hese res u lts strengthen the key role of optical spec tro scopy , par ticu lar ly d ifsionl th e o ry ields a d e p th d ep e n d e n t ctid v aio n c iters . T h is

resonant excitation of P as a charateriation method of such neutral point o unu ela t depth deeneceimeatahrmai chne osupfte l0s i the

defects which are not detectable through electrical measurements. ~o u nu ela t e t e e t h u f c s w n d

A rigorous analyis in terms of non-neas diffusion theory yields

G9 .41 
dept h-idepw. ent enthalpes and entropies .o difsio, and deph

QUALITATE PHYsIcs OF DEEP LEVELS N HETEROSTRUCTRES* depenent ,pre.sponeviai tactor. This indces the depth-

Harold P. Hjalmarson, I. J. Fritz, J. F. Klein and .H. dpendenc of the interdifion to arse from an ibomogenous

Brennan, Sandia National Laboratories, Albuquerque, N M depth-dependent d stn udon of the p int de ects nvo ved In he

s ti 8e .
dlf fsion proce s. W ith certain assum ptio s, ou r results es sential ly

The qualitativ physics of deep levels in heterostructures aJOW the ivestigation of the nat ve de tect concentration atomi c l n

w i l l b e d e s c r i b e d . U s i n g a t i g h t -b i n d i n g m e t h o d , e n e r g i e s b y ot o m i p l a e . u c h u iq u e , t ¢ m m = , p , ; d v a l ua. b l l s i )

for both deep and resonant levels have been calculated for with theory, and are vital for a detailed understanding of diffusion at

substitutional impurities in OAs/AAs superlattices, the atomc level.

Generalizing these results, it is found that n impurity in
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G9.45 peak we arrive at a ground state binding energy of 112.4 meV.
CHARACTERIZATION OF RAMAN SCATTERING SPECTRA IN At the energy distance of an LO-phonon from the excited states we find
AlGaP TERNARY ALLOYS. I~ kNi N..Talw, T. D. Fang, their Fano replicas. In photoconductivity even higher order replicas are
Department of Physics, Indiana University of visible. In absorption the replica of the 2P3/2 state is weak and can only be
Pennsylvania, Indiana PA; and M. Vandevyver, CEA- CEN seen as a small dip whereas the replicas of the other excited states are quite
de Saclay, B.P. # 2, 91191, France. strong. In the photoconductivity measurements the replica of the 2P3/ 2

transition is the strongest. Besides the LO-phonon replicas of the excited
state transitions another set of replicas is visible in the photoconductivity

Recently, remarkable success has been achieved in the measurements. Since the distance between the two sets is 3 meV it might
growth processes of ternary alloys and good quality of be TO-phonon replicas.At lower energies there are structures we
AIGaP samples are prepared by the organometallic vapor tentatively ascribe to Fano replicas of the 2S3/2 state. The binding energy

of the 2S3/2 state would then be 25.2 meV, which is considerably deeper
phase epitaxy (OMVPE) technique. The knowledge of than the effective mass value of 7.7 meV.
their basic physical properties (viz., lattice dynamics, band
structure, elastic stiffness constants etc.,) is, however, still The oscillating photoconductivity above the ionization limit is rather weak.
meager. Although, inelastic neutron scattering data of The period is 36.3 meV, which is close to the energy of the LO-phonon.

The extrapolated limit is 110.2 meV, which is 2.2 meV below thephonon dispersions do not exist for Al-pnictides some ionization limit.
information for their optical phonon mode behavior has,
however, been obtained through infrared (IR) and Raman The results of uniaxial stress and Zeeman measurements of the absorption
scattering (RS) methods. The knowledege of impurity lines allow us to present a detailed description of the electronic structure of
induced first-order Raman scattering (IFOR) in the low the MnGa acceptor in GaAs.

frequency region is not known at this time but is very G9.48

much needed for material characterization of device
structures. IDENTIFICATION OF SURFACE-RELATED ELECTRON TRAPS

IN UNDOPED GAAS BY DEEP LEVEL TRANSIENT SPECTROS-

Based on the Green's function formalism, a theory of IFOR copy. K.C.Shin and I.S.Park, Goldstar Cable
in mixed crystals is developed and applied to AlxGaIxP. Research Laboratory, Anyang, Kyungki, Korea

The required host lattice Greens functions are obtained in
terms of a realistic lattice dynamical model and the self
energy functions, needed in the explicit expressions for Electron traps present in the melt-grown, undoped
the scattering intensities in each Raman active n-type GaAs have been studied by deep level tran-
representations are evaluated to first order in x. The sient spectroscopy(DLTS). Of these electron traps
calculated results in the low composition region x are with energies ranging from 0.14 to 0.81 eV from
compared and discussed with the existing Raman data. the conduction band, some are believed to be

G9.46 related to the surface damage.

ELECTRONIC STRUCTURE OF Li-IMPURITIES IN ZnSe.
JiOQgmhL and Taizo Sasaki, National Research Institute for To see clearly which electron traps are related tc
Metals, Tokyo 153; and Hiroshi Katayama-Yoshida, Department of surface damage,we prepared grain boundary Schottky
Physics, Tohoku University, Sendai 980, Japan.

barrier sample in the measurement of DLTS, thereby

Properties of lithium impurity in zinc selenide is recognized as a removing the possible effects of surface damage
crucial problem in fabricating a p-type material for the blue color
light-emitting-diode. Only little is known on the electronic structure which can be introduced in the formation of
and the stability of the lithium impurity in ZnSe. Schottky barrier of ordinary sample with Au

Electronic structure of lithium impurities in ZnSe has been studied contact. The DLTS signal measured with increasing
by using the density-functional molecular-dynamics method depletion depth of grain boundary Schottky barrier
proposed by Car and Parrinello, with a supercell model and a norm-
conserving pseudopotential method. sample was compared to that of ordinary Au contact

Total energies and electronic properties are calculated for Schottky barrier sample and surface damage related

substitutional and interstitial impurity configurations as well as for electron traps were distinguished from bulk related
vacancy systems, by taking lattice relaxation into account. The ones.
stable site and the migration path for a lithium atom are discussed in
detail. Analysis on the numerical convergency and the validity of G9.49
the model employed is also presented.

PHOTOLUMINESCENCE STUDIES OF IMPURITIES AND
G9.47 DEFECTS IN MERCURIC IODIDE. J_0 T.E. Schlesinger,

Carnegie Mellon University, Pittsburgh PA 15213, R.&,
THE DEEP 0.11eV MANGANESE ACCEPTOR LEVEL IN GaAs. M. James, Sandia National Laboratories, Livermore CAKleverman, Lund University, Lund, Sweden and EJanzdn. M. 94551, A.Y. Cheng C. Ortale, EG&G Energy Measurements,
Linnarsson, B. Monemar, Link3ping University, Linkdping, Sweden. Goleta CA 93116.

We have used FTR absorption and FTIR photoconductivity together with Mercuric Iodide (Hgl 2 ) has gained increasing attention
photoluminescence to investigate GaAs doped with manganese. In because of its use as a material for the fabrication of
absorption we find four distinct peaks just below the ionization limit. We room temperature X-ray and gamma ray detectors. The
interpret the peaks as due transitions from the ground state to the excited fabrication of high quality detectors is often limited,
effective mass like 2P32,2P5/2(rs) ,2P 5 2(r7) and 3Ps/2(rs) states of however, not only by intrinsic defects in the material but
the substitutional MnGa acceptor. By adding the effective mass value of also by defects introduced during processing. We report
the 2Py2(Fg) state to the energy position of the corresponding absorption on the observation of several new Flines in the

near-band-edge low temperature photoluminescence
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spectrum of mercuric iodide. Further we have studied sample. This means that the barrier height for
the effects of vacuum exposure, bulk heating, and electron capture by the deep donors is lower com-
chemical etching on the PL spectrum of this material, pared to that of the D-X centers. doreover, the
We find that the near surface region has a different photon energy dependenue of the deep donor opti-
defect structure than the bulk which we attribute to cal ionization crosa-sootion is shifted by O.2eV
iodine deficiency. Bulk heating for times ranging from towards higher with respect to the D-X cantor
10 minutes to several hours modifies the defect cross-section variation. Thus,the physical pro-
structure while vacuum exposure does not, tshough the porties of the doep donors remaining after hsydro-
latter does cause material loss from the surface of a gonation are different from that of the D-X oe-
sample. The effects of metal contact on mercuric iodide tars. Modifications of the D-X entor proper-
have also been studied. Metals investigated include Pd, ties brought by hydrogen atoms located In the vi-
Cu, Sn, In, and Al. All these metals cause reproducible cinity night be at the origin of thoo effects.
characteristic changes in the luminescence spectrum or (I] J.C.Rabity at al.:A.P.L.. 60. 92. (1987)
introduce new emission bands into the spectrum. These [2] R.Motai t a.:.P..., 4, 20 (198)
chanqes may be due to the introduction of the metal by ] R.Motefaoui et a]..: J.A.P., 84, 207 (1988)
diffusion into the mercuric iodide, reaction between the
mercuric iodide and the metal, or possibly strain at the G9.52
metal semiconductor interface. These studies provide LUMINESCENCE DUE TO Mn DOPPED GaP. Teresa Monteiro;
guidance in choosing contact material and proper and Estela Perelra. Departamento de Ffsica, Universidade de
processing conditions for the fabrication of high quality Avelro, 3800 Aveiro, Portugal.
nuclear detectors.

Manganese usually gives rise to strong emission bands in the
G9.50 near Infrared In most host crystals. In the II-V materials

manganese is known to originate a deep centre due to Mn + 2 only
TRANSIENT CURRENT AND TRANSIENT CAPACITANCE In GaP. The only study on this emission Is due to A.T. Vink and
MEASUREMENTS OF DEFECTS IN AIGaAs MODFETS. R. G.G.P. van Gorkom (J. Luminescence, 5, 399 (1972)), in spite
Magno and R. Shelby, Naval Research Laboratory, of the Interest that a detailed study of the band may provide
Washington, DC, 20375. to a better understanding of the location and nature of levels

The defects present in AlGaAs MODFET devices found In Mn dopped GaP.

subjected to accelerated lifetime tests have In this work we present a detailed study of the characteristics
been studied by transient current and when pos- of the Mn + 2 luminescence band In samples with different
sible by transient capacitance techniques. By concentrations of Mn and of donnors. The temperature dependence
measuring transient source-drain currents fol- of the luminescence band and Its lifetime Is discussed. The
lowing the application of a voltage pulse to the mechanism of thermal quenching of the luminescence Is also
gate, it is possible to perform a Deep Level dscuss.
Transient Spectroscopy (DLTS) experiment on MOD-

FET devices which are too small for the conven- In an attempt to correlate the luminescence data with former
tional capacitance DLTS. As a first step, un- EPR results the magnetic field splitting of the emission lines
stressed control devices large enough for both of resulan the nRgnl s of the esin e
DLTS methods were examined in order to under- of Mn +2 and the ESR signals of the some samples In the dark
stand the similarities and differences between and upon band gap excitation is discussed.
the two techniques. Both the capacitance and
current spectra contain the AIGaAs DX defect. G9.53
By comparison, the current DLTS spectra for ZEEMAN STUDY OF THE 1.04OeV PIOTOLUMINESCENCE
stressed devices contain the DX defect and an BAN ICU O ILO 1. . un MNESCENry
additional feature which is not found in the BAND IN CU DOPED SILICON. K.G. McGuigan, M.O. Henry,
capacitance DLTS experiments. This additional School of Physical Sciences, National Institute for Higher
feature is anomalous in that the transient has a Education, Collins Avenue, Dublin 9, Ireland; ,PM.H. Nazar.
sign which is opposite to that expected for a Departamento de Frsica, Universidade de Aveiro, 3800 Aveiro,
majority carrier trap. An analysis of the Portugal: and E.C. Lightowlers, Department of Physics, King's
properties of the new defect suggest that it is College, Strand, London, WC2R 2LS, England.
located in the channel between the gate and ei-
ther the source or the drain. The major features In the photoluminescence spectrum of silicon

doped with copper are the 1.014 eV and the .943 eV bands. The
former is though to occur at copper pairs. The second is the
dominant feature in lightly doped samples. A third band with

ELECTRONIC AND OPTICAL PROPERT1S 0P DRIXP DONOIS sharp transitions at 1.040 and 1.034eV Is also seen In copper
IN IIYDROGSHATHD AluGat. zAc DOPED WITH SILiCON; R. doped samples that have been heated at 1000 C for very short
Mostofaoui, R.Legros, JeMuallie., LPSB, CNit, times (one minute) or annealed for 10 minutes at 700 C.
1 place A.Briand, 9219b Heudon Cadex, V[fANCH;and
C.W.Tu,R.V. opf,ATT Boll Laboratories, Nurray We report on the temperature dependence of this luminescence

Hill), ReW Jersey, 07974, USA. band and on the effects of an applied magnetic field.

Gi doped AlGat-sAs elpilayors (x=0.37) havo been The two transitions at 1.040 and 1.034eV are found to occur
exposed to a R.F.hydrogen plasma. rt to known from two excited states into a common ground state and the
that such a treatment generates a neutralia- observed thermal activation energy agree reasonably well with
tion of the D-X centers by the in-diffused hydro- the measured spectroscopic separation.

gon atoms 1,21. In this work, we report the
electronic and optical propertien of the domi- Zeeman measurements are reported on the 1.040 and 1.034 eV
nant deep donors remaining after hydrogenation, lines showing that the lower energy line involves a spin triplet

excited state and the higher energy line a spin singlet excited

The binding enorgy of those donors is similar to state.
that of the D-X centers measured on a reference
sample. However, the photoconduotivity, at a gi-
von temperature, is such leas persistent. in the
hydrogenated sample: the electron recapture ti-
me is 4 to 5 orders of magnitude lower in the by-
drogenated sample if compared to the reference
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G10. 1 that the mechanism for the low-temperature diffusion is related to
ATOMIC DIFFUSION AND DEFECT REACTIONS IN defect-enhanced diffusion, evidence for this mechanism is still lacking.
SILICON Sokrates T. Pantelides, IBM Research Division, Thomas We have created buried marker layers by molecular beam epitaxy to
J. Watson Research Center, P. 0. Box 218, Yorktown Heights, NY test the postulated model. The silicon samples contain a delta-shaped
10598 distribution of dopant atoms that is used to probe the diffusion en-

hancement. Our results show that the enhancement is unquestionably
due to point defects generated by the silicide formation. We observed

In recent years. it has been possible to carry out first-principles the effect for different dopant atoms and found an asymmetrical
calculations of many key properties that relate to defect reactions broadening of the diffusion profile, where diffusion is mainly directed
and atomic diffusion, e.g. self-diffusion and the diffusion of various towards the surface. This is the first experimental evidence for a 'wind
impurities (dopants, hydrogen, fluorine, oxygen. chalcogens, transi- effect' which has been discussed theoretically in the literature. We
tion metals). A number of long-standing controversies have been present the results of simulating the asymmetrical broadening by solv-
resolved, several puzzles have been elucidated and a number of ing continuity equations for the diffusion of point defects and dopant
predictions have been made. Representative results will be de- atoms including their strong coupling.
scribed to convey a sense of the state of the art. Current directions
and new results will also be discussed. G1O.4

DETERMINATION OF THE FRACTIONAL INTERSTI-
Acknowledgement: This work was supported in part by the Office TIALCY COMPONENT OF DIFFUSION FOR ARSENIC
of Naval Research under contract No. N00014-84-C-0396. It is a M.Heinric , M.Budil, H.W.Ptzl, TU-Wien, Guflhausstrasse 27-29,
pleasure to acknowledge the following collaborators in various as- A-1040 Wien, Austria
pects of this work: Y. Bar-Yam, .1. Bernholc, P. Bloechl, R. Car, P.
J. H. Denteneer, 1. D. Joannopoulos, P. J. Kelly, F. R. McFeely,
M. Needels. C. S. Nichols. A. Oshiyama, and C. G. Van de Walle. In analyzing the experiments of Fahey et al.(198.5)lit is shown, that

the discrepancies in determination of the fractional interstitialcy
G10-2 component of diffusion of arsenic f-" arise due to the assumption= ; 1 in the equation = (I1 f14s) <C >
PRESSURE AND STRAIN EFFECTS ON DIFFUSION. . c in t e i( - )AT Ah,<

Antonelli and J. Bernholc, NC State University, Raleigh, NC fjAs 4" > made by the authors to analyze their experiments. This
27695-8202. assumption has been made in almost all previous works analyzing

diffusion under nonequilibrium conditions. In simulating the ex-
When pressure is applied to a crystal, the formation enthalpy perimental data by means of the pair diffusion model of Budil et
of a vacancy increases by the term pVnt, where Vat is the al.(1989) 2, which accounts for the concentration of the dopants, the
atomic volume, because the formation of a vacancy results in a pointdefects and the dopant-defect pairs we find the abovementioned
transfer of an atom to the surface. Similarly, the formation en- assumption not justified. A consistent treatment shows that the su-
thalpy of an interstitial decreases by pVat, while this term is persaturation of dopant-pointdefect pairs during nonequilibrium con-
absent in the activation enthalpy for the concerted exchange. ditions and the supersaturation of pointdefects do not show the same
Our first-principles calculations for Si show that the pVat dom- behavior, as the number of dopant atoms is limited and therefore sets
inates the pressure induced changes, i.e. the activation energy a natural limit for the dopant-pointdefect pair supersaturation. A
for self-diffusion increases for the vacancy mechanism, de- unique value for .fA is presented which makes it possible to explain
creases for the interstitial mechanism and remains approxi- the diffusion enhancement under surface nitridation as well as surface
mately constant for the concerted exchange. Since the pressure oxynitridation in one model.
dependence of each mechanism is different, the present re- [i]P.Fahey G.Barbuscia, M.Moslehi, R.W.Dutton. Appl.PhvsLett 46(s). 1; April
suIts suggest that a set of exporiments carried out at different 1985,p.784
pressures can unravel their relative contributions to self-diffu- [21M.Budil. H.P6tzl. G.Stingeder, M.Grasserbauer, K.Goser. Materials Scitnc. Fo-
sion. In addition, we find that the pressure derivative of the rum Vols.38-4l(1989)pp.T19-T24
formation energy of the vacancy is negative, implying an in-
wards relaxation of the nearest neighbors of the vacancy. G10.5

Pseudomorphic growth on non-Si substrates often results in MEASUREMENTS OF ENHANCED AND RETARDED DIF-
substantial changes in the lattice constants parallel and FUSION OF BURIED LAYERS IN SILICON MEMBRANE
perpendicular to the substrate and induces large non-hydro- STRUCTURES DURING OXIDATION. Scott T. Dunham,
static strains. We have carried out calculations for Si strained Anuradha M. Agarwal and Nanseng Jeng, Electrical, Computer and
to correspond to growth on a GexSi I, substrate and find that Systems Engineering Department, Boston University, Boston, MA.
the formation energy of the interstitial goes substantially down
when the mole-fraction of Ge is increased, while the formation Calculations of the diffusion coefficient of silicon self interstitials vary
energy of the vacancy remains approximately constant. In
general, the results predict a sizable enhancemetL in the self- over several orders ef magnitude at temperatures of interest for in-
diffusion coefficient for Si grown pseudomorphically on any tegrated circuit fabrication. Previously, these differences have been
substrate with larger lattice spacing in the growth plane. explained by invoking a bulk trapping phenomenon. An alternative

explanation is suggested by the observation that lower values of in-
Gle. 3 terstitial diffusivity are calculated from experiments in which intersti-

tial concentration is monitored near non-oxidizing SiO 2 interfaces and
E and M. Wittmer IBM T. J. Watson Research Center, higher values are calculated when monitored in the bulk; thereby pos-

Yorktown Heights, N.Y i 9. 10M98 . sibly indicating that the interactions of intrstitials with the SiO 2 film
may be more complicated than a constant interface regrowth velocity.

In this work, in order to distinguish between bulk and interface interac-
It has been recently reported that diffusion of substitutional dopant tions, we meuure the enhanced and retarded diffusion, respectively, of
atoms in silicon occurs during the formation of transition-metal phosphorus and antimony buried layers while interstitials are injected
silicides at temperatures below 300C. Though it has been postulated at a wafer surface via thermal oxidation. The starting substrates were

262



float-zone silicon and Czochralski silicon with or without pre-treatment implied that hydrogen is a constituent of TD-centres. The

to precipitate excess oxygen. The samples were prepared by implan- enhancement cannot be due to an intrinsic property of the

tation of P or Sb followed by the growth of an epitaxial layer. They oxygen as it is necessary to account for the results of the

were then etched aisotropically from the backside to yield membrane relaxation of stress - induced dichroism which show normal

structures. Local oxidation is performed on either the front or back diffusion jump rates in some samples.

side of each wafer and buried layer diffusion is monitored, yielding in- G1l.2
formation about interstitial diffusion in silicon and how it depends on

bulk properties. A STEADY-STATE MODEL FOR COUPLED DEFECT-IMPURITY
DIFFUSION IN SILICON. F. F. Morehead and R. F. Lever,
IBM East Fishkill Facility, Hopewell Junction, NY.

G10.6

MIGRATIONS OF INTERSTITIAL ATOMS IN SEMICONDUCTORS. T.Wad.a, We extend and generalize our earlier model which was

A.Takeda, M.Ichimura, Nagoya Institute of Technology, Showa, proposed to explain tails in the diffusion profiles of

Nagoya, 466, Japan; and M.Takeda, Government Industrial Re- high concentration boron and phosphorus in silicon.

search Institute, Nagoya, 462, Japan. Our quasi-steady-state approach is generalized to
include both vacancies (V) and self-interstitials (I)

Zn and Ce atomg were introduced into the unirradiated at equivalent levels. I-V recombination is regarded as

regions of GaAs at 50 C and Si wafers at 140'C, respectively near local equilibrium, occurring through reactions of

by using the electron-beam doping method. The surfaces o the defects with defect-impurity pairs. This approach
GaAs substrates (undoped (100), LEC) ,ith an area of 13x20m- leads directly to important details such as the well-

(t- 0.6mm) and Si wafers (area 17x3Omm , t=O.25mm) were cov- known plateau, kink and tail in high concentration

ered p~rtially (like 
- ) by the ovellayers of Zn sheet phosphorus diffusions in silicon and to the less well

(5x5mm , t O.5mm) and Ge wafer (lOxlOmm , t-0.5mm), respec- recognized tails in boron as well, with no additional

tively. The only surfaces of the Zn and sheets were ir- ad hoc assumptions. Our extended model, in its

radiate locally wit1 the fluences of 5x1 0'(in water bath) simplest form,allows a more complete and less

and 1xlaelectrons/cm (in vacuum) at 7MeV, respectively. Even restrictive treatment than the usual combination of

at a distance of'xdOmm from the irradiated overlayers in the "kick-out" and Frank-Turnbull models of gold in-

GaAs and Si substrates, Zn and Ge atoms respectively, whose diffusion in silicon. An important advantage is the

interstitials may migrate the unirradiated regions, were direct inclusion of these defect-impurity interactions

detected by SIMS measurements. On the other hand, the sur- and the resulting gradients in the defect concentrations,

faces of only GaA, wafers(6xl2mm
2
) without Zn sheet (array I, which gradients are ignored even in the latest versions

==) Zn(515mm , t=O.5mm)/GaAs(13x26jW ) (array II, ) of popular process simulation programs, such as SUPREM

and Zn(6x6mm , tzO.5mm)/Zn/GaAs96xl2mm ) (array III: =) IV. Our model provides insights that are unique to

were irradiated partially 2t 50 C by the area of 6x6mm for this approach and yields details of the diffusion

arrays I and III, and 5x5mm for array II, respectively. In process which would be otherwise accessible only to a

the case of arrays I and II, the photoluminescence (PL) for full-blown model tracking all of the diffusing species,

the GaAs substrates disappeared in every region at 77K before defects and defect-impurity pairs. Such a model would

annealing. However, it should be emphasized for array III consume about a million times more computer processing

that PL large peaks attributed to Ga antisite defects (Ga ) time than our more transparent steady-state approach.

at 1.445eV were observed even at a distance of %5mm from 0e
irradiated regions before annealing. The concentration of Ga. 011.3
created by - the reaction of the kick-out mechanism in
array III, Zn.ZZn +Ga., is much higher than that produced in HIGH AND LOW TEMPERATURE MEASUREMENTS OF THE

arrays I and III,s where subscripts of i and s mean inter- CHROMIUM DIFFUSIVITY IN SILICON. J. Zhu, D. Brbier.

stitial and substitutional states. Then, Ga. diffuses into Laboratoire de Physique de la Matitre, Bit. 502, Institut National des
the unirradiated regions and Gas defects may be introduced Sciences Appliquies de Lyon, 20 Avenue Albert Einstein, F69621
by a reaction, GadGafeAs. As Villeurbanne Cedex, France.

I As i
The diffusivity of most of the 3d metals in Silicon have been already
assessed in the high temperature range with however a very poor

MEASUREMENTS OF ENHANCED OXYGEN DIFFUSION IN accuracy, making the extrapolation toward low temperature hazardous.

SILICON DURING THERMAL DONOR FORMATION: NEW Moreover, low temperature measurements achieved only in the case of

EVIDENCE FOR POSSIBLE MECHANISMS. A.R. Brown, Fe, disagreed by several order of magnitude with the diffusivity law

R Murray, R.C. Newman and J.H. Tucker, Interdisciplinary derived from the fit of high temperature data.
Research Centre Semiconductor Materials, Imperial College,
The Blacketr Laboratory, Prince Consort Road, London, SW7 In this work, the diffusivity of Chromium in Silicon has been studied in
The, BKet Lthe 20-1050 *C range. Chromium films were sputtered onto one face of
2BZ, U.K. Boron-doped Silicon samples which were subsequently annealed and

Recently it has been shown that heat treatment of Czochralski quenched in a Rapid Thermal Processor. The diffusion coefficients

silicon in a hydrogen plasma enhances the rates of thermal between 850 and 1050 °C were obtained by erfc fitting of the

donor formation and the loss of oxygen from solution by factors Chromium-Boron pair profiles, measured by means of Deep Level

of 5, 30 and 300 at 450, 400 and 3500C respectively. The Transient Spectroscopy a few days after diffusion. Low temperature

inference is that TDformation is controlled long rae diffusivities were derived from the rate constant of the diffusion-limited

diffusion of interstitial oxygen atoms, since ENDOR studies Chromium-Boron pairing reaction, monitored by Deep Level Transient

show oxygen to be present in the defects. We have, therefore, Spectroscopy in Chronium-contminated specimens at fixed temperatures
re-appraised and extended measurements of the rate of loss of of the 20- 100 C interval.
oxygen in furnace annealed samples at low temperatures downto 3150C. The new data indicate an activation energy dose to Wheras our high temperature diffusivity values were in close agreement
1.8eV, the value found for TD-formation. There is also an with the early determinations of Bendik and Wtlrker, we measured low

vndicationthatalueou f or Dfrmonl T en i temperature diffusivities at least one order of magnitude higher than those
indication that acrev y pextrapolated from the high temperature diffusivity law. Due to a more
formation is incorrect. expanded l/T interval in the low temperature range, the Arrhenius fit of

Ancillary experiments involving 2MeV electron irradiation and the data points from 20 to 1050 *C is likely to be more reliable than the
H-ciplasmayreaments inolvipnes provdeV nron eird atn te previous high temperature determinations. Thus, our results suggest thatH - plasma treatments of sampes provide no evidence that the tenrgbairfor dh upo hoimaom tentoajcn

enhanced diffusion results from the presence of either self the en barrer or the jump of Chromium atoms between two adjacent

interstitials or vacancies. It is possible mat hydrogen impurities interstitial sites should be rather 0.85 eV than 1.0 eV so far assumed.

may be responsible for the observed effects, although it is not
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GIl. 4 Gil. 6
TIIE FORMATION OF SILICON-RICIi SILICIDES. Maria Ronay, Annealing of ion implanted tin in silicon: A RBS/
IBM T.J. Watson Research Center, Yorktown I leights, NY. channeling, Mossbauer spectroscopy and TEM
While it is known that the formation of transition-metal (TM) disilicides investigation of solubility and residual defects.
between silicon single crystals and thin polycrystalline TM overlayers P. Kringh j, A. Nylandated Larsen, and J. W. Petersen, Institute of Physics
takes place by silicon diffusion at a temperature as low as 450°C for
CrSi 2, and as high as 750 °C for lIlfSi 2, such formation temperatures are University of Aarhus, DK-80M0 Aarhus C, Denmark
hard to reconcile with the large activation energy for silicon self-
diffuasion (4.1 to 5.1 eV). I find that the formation temperature of This work reports results from an investigation over a wide concentration
disilicides correlates with the size of the TM atom, suggesting that TM
diffusion may be the rate limiting step. Transition metals diffuse range of the Si-Sn system produced by ion implantation of Sn into <100>
interstitially in silicon with an activation energy as low as 0.43 eV for the silicon.small copper ion and as high as 1.5 cV for the large titanium atom. A homogeneous profile to a depth of 2000 A of iiSn was obtaned by a triple

In order to investigate this suggestion we choose rhenium as an example implantation techniques. Samples with concentrations in the range
for a relatively slow diffusing TM. We studied the formation of ReSi2  3.0.10 20cm-3 to 1.7t-10 2 1cm-s were RTA or furnace annealed. The samples
alone, and we studied it by adding fast-diffusing copper to the system.
Using thin film layered structures, inert gas annealing and Auger were investigated with the following technique: RBS/channeling, Massbauer
electron spectroscopy combined with sputter profiling and x-ray analy- spectroscopy and TEM.
sis, we found that for Re-Si diffusion couples the formation temperature By following the formation and subsequent dissolution of 6-Sn precipitates as
of ReSi2 is 900*C, the highest reported for a disilicide. In the case of
Cu-Re-Si or Re-Cu-Si diffusion 'couples' the formation temperature of a function of annealing time and temperature, the solubility of Sn in Si was
ReSi2 is reduced to 400-5000 C. While in both cases ReSi 2 forms by determined in the temperature range 1000 to t200"C.
silicon diffusion, in the presence of copper this is preceded by copper For temperatures at or above 1000"C and for Sn concentrations below
diffusing into silicon. Structural relations indicate that the formation of
Cu]Si precipitate injects silicon self-interstitials into the silicon lattice, a 6-102°cm- 3 perfect regrowth of the implanted layer and removal of residual
fast diffusing species, which then forms the ReSi 2 at much lower tem- defects wab achieved for annealing times larger than -10s. This leads us to
perature than without copper. Theoretical results of.loannopoulos et
al., Pantelides et al. and Baraff et al. predict very low barriers to the propose Sn as an ideal preamophization candidate.

migration of silicon self-interstitials. The results reported here suggest
that the diffusion of TM atoms (ions) into silicon precedes and pronoo'.v Gi1.7
the diffusion of silicon into the TM rlms by forming silicon interstitials EXTREME SUPERSATURATION OF OXYGEN IN LOV-
or by otherwise weakening the silicon bonds. TEMPERATURE EPITAXIAL SILICON AND SILICON-

GERMANIUM ALLOYS - P.V Schwartz, J.C. Sturm, P.M. Garone,
G11.5 Dept. of Electrical Engineering, Princeton University, Princeton,
PRECIPITATION OF COPPER AND COBALT AT GRAIN N.J. 08544; and S.A. Schwarz, Bellcore. Red Bank, N.J. 07701
BOUNDARIES IN SILICON. U. Jendrich, HJ. Moler. Department of The solid solubility of oxygen in silicon has a well accepted
Materials Science and Engineering, Case Western Reserve University, maximum of approximately 2 x 1018 cm - 3 . Using a combination of
Cleveland, OH 44106; and T. Tiatken, TV. Physics Institute, University of rapid thermal processing and chemical vapor deposition known as
Gttingen 3400 Gotingen. FRG. Limited Reaction Processing, we have grown epitaxial silicon and

Many of the electronic properties of polycrystalline semiconductors are silicon-germanium strained layer alloys with oxygen concentrations
related to grain boundary phenomena. Recent experimental results indicate up to 102 1 cm- 3 (over 1% of the atomic composition). The concen-
that segregating shallow and deep level impurities like phosphorous or trations were measured by SIMS calibrated against implant stan-
transition metal impurities axe moe important for their electrical properties dards.
than has been previously assumed, however, little is known about the
segregation behavior of many of these impurities. This study will present Although the exact nature of the oxygen is not known, it is
experimental results on the interaction of copper and cobalt with grain thought that the oxygen does not exist in precipitate form, even
boundaries in silicon, though conventional theories would predict a large number of pre-

cipitates given the extreme supersaturation and thermal history of
Czochralski grown bicrystals containing a single coincidence grain the samples. No precipitates have yet been seen by TEM. IRboundary and large grained polycrystadlinc silicon were used for the

boudar an lage aind plycystllie slicn wre sedforthe transmission shows a large peak shifted from that of normal inter-gettering experiments. The metals were diffused in the crystal from a t i io insion a ugest htdrog a y be laing
surface source at temperatures between 8500 and 10500 C until a stitial oxygen in silicon, and suggests that hydrogen may be playing
homogeneous distribution of the impurities in the bulk was achieved. In the an important role. This is consistent with the fact that the source
case of cobalt a radioactive isotope 5 7Co was used and the distribution of of the oxygen is thought to be water vapor adsorbed on the quartz
the element in the bulk analysed by a tracer technique combined with walls of the growth chamber.
Mssbauer y, which allowed a quantitative analysis even at very Despite these large oxygen concentrations, layers may be grownlow~~ ~ iprtleesDending on the temperature and cooling rae thelow imputritylevels. igo h eprtreadcoigrth without stacking faults or dislocations. Electron channeling pat-
metallic impurities accumulate inhomogeneously at the grain boundary
forming metal silicide precipitates. TEM investigations wen carried out to terns are indistinguishable from those of bulk wafers. Further, high
analyse the distribution, morphology, size and the crystallographic structure quality electrical devices such as heterojunction bipolar transistors
of the precipitates, have been made in these films. This work has been supported by

ONR and NSF.
The results show that structural features in the grain boundary like

dislocations and steps facilitate the nucleation and lead to the G12.1
inhomogeneous distribution, and that the gettering depends strongly on the
thermal history of the specimens.The results obtained so far are discussed DIFFUSION IN INHOMOGENEOUS SYSTEMS, STUDIED AT
from the perspective of the electrical transport properties of grain NEAR-ATOMIC RESOLUTION. A. Otumad, J. CUnningbam, Y.
boundaries. im aid M. Bode, AT&T Bell Lats, Holmdel, NJ 073.

Modem materals and devices are highly inhomogeneous systems. It is
thus necessary to investigate diffusion at extremely high spatial
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resolution. and hence sensidvity. We have developed a technique conditions. We have measured the diffusion of Sn in
based on chemicallattice ia&g thlt nquantitatively measur both GaAs and (AI,Ga)As as a function of alloy compo-
diffusivities as small as 10"cm2 /s, sampling regions -IOr(193 in sition, annealing temperature, and Sn concentration.
volume. This method essentially maps the compositionof materials This matrix of samples and annealing conditions allows
with atomic sensitivity, and reeas the aomistic of the for the study of influence of the bandgap on the dif-
diflUson p fusion characteristics. The Sn diffusion coefficient

is found to be highly concentration dependent as well
The aplidcatonofour approach tointermbng in the GaAs/AGa as dependent on the alloy composition. The Sn diffusion
andtheHgCdTe/CdTesystemshowstheinterdiffusioncoefficientto coefficient in (AI,Ga)As is also sensitive to the
be a sensitive function of the interface distance from the surface electrical characteristics (i.e. Fermi level) of the
Simiarly, we are able to observe the idnetic intermixing induce i i matrix into which it is diffusing. A higher diffusion
multilayered system, when a single energetic ion enters cub 2000 A

2  coefficient was found for diffusion into n-type

of the inface. Finally, we can image &doped layers i G , Alo.,Ga,As than nominally undoped or p-type material.

directly determining their width, the in-plane distributon of the Both the modeling of the diffusion profiles and a dis-d~ey dteJnbdngther ,the pl~e is~ouioaof he cussion of the results in terms of the current models
dopants, and their outdiffsion during different growth procedures, or of t f s nGs il be iv en

subsequent anneals. of fast diffusion in GaAs will be given.

In this paper we describe how such measurements can shed light on G12 .4
the details of diffsion and intermixing in semiconductor multilayers, DIFFUSION OF ION IMPLANTED MAGNESIUM AND
systems that are highly inhomogeneous and far from equilibrium. BERYLLIUM IN GALLIUM ARSENIDE. Hevward G. Robinson,

Michael D. Deal, and David A. Stevenson, Stanford University,
G12.2 Stanford CA.

GROWTH OF GaAs ON Ge SUBSTRATES BY ATOMIC LAYER Magnesium and beryllium are finding increasing use as p-type
EPITAXY*. J. Eleti B.T. McDermott, N. EI-Masry and dopants in gallium arsenide. The annealing behavior of samples
S.M. Bedair, Electrical and Computer Engineering Department, N.C. implanted with these dopants has been studied extensively by
State University, Raleigh, North Carolina several researchers but the basic mechanisms governing their

The GaAs/Ge system suffers from problems such as epilayer crystal- redistribution have not been fully understood. In this paper we

line quality and interdiffusion of Ge, Ga and As. Atomic Layer Epi- report on some recent progress in this area.

taxy (ALE) can offer improved GaAs/Ge interfaces because of its two Magnesium implants show three diffusion regions: 1) rapid uphill
dimensional growth nature and its ability for low temperature depo- diffusion in the peak of the implant; 2) rapid concentration-
sition. independent diffusion in the tail; and 3) slow concentration-

GaAs was grown on Ge at 300C and 400C using TEG and TMG dependent diffusion in between. Beryllium, in contrast, shows

respectively. This low deposition temperature has resulted in the only concentration dependent diffusion. Uphill diffusion can be

near elimination of the outdiffusion of Ge into the GaAs epilayers. induced in beryllium implants by co-implanting with a heavier
SIMs data indicated a drop in the Ge concentration by five orders of element such as argon. Paradoxically, this retards the

magnitude in the GaAs film over a thickness of 150 A away from the concentration dependent diffusion. This behavior can be

Ge interface. This represents a substantial improvement over other explained with the Substitutional-Interstitial-Diffusion (SID)
GaAs films grown by ALE at 450C or by MOCVD at 550C. TEM mechanism and an understanding of the defect chemistry after
data also showed that ALE-grown GaAs/Ge interfaces are almost implantation. In the region of uphill diffusion, the dopants are
free from stacking faults and antiphase domains. The I-V charac- seen to getter from areas of excess interstitials to areas of excess
teristics of GaA/Ge junctions were thyristor-like, diffused or abrupt vacancies. A critical concentration of damage is required to
junctions, depending on the A rE growth temperatures, initiate uphill diffusion which explains why it is observed in

magnesium implants and only in beryllium implants when argon
We will report on the use of the ALE self-limiting adsorption process is co-implanted. The implant damage reduces the concentration
of TMG to control the indiffusion of Ga into an n-type Ge substrate dependent diffusion by shifting dopant atoms from interstitial to
at the monolayer levels. This was followed by low temperature ALE substitutional sites.
growth of GaAs which resulted in an improved nn' GaAs-p'n Ge
heterojunction. G12.5

DEFECT FORMATION DURING Zn DIFFUSION INTO GaAs.
*Supported by ONR/SDIO Contract N00014-88-K-0527 M. Luysbera, W. Jager, K. Urban, Institut fUr

Festkorperforschung, KFA JUlich; M. Perret, N.

G12.3 Stolwijk, and H. Mehrer, Institut fUr Metallfor-
schung, Universitht MUnster, F.R. Germany.

EXTREMELY RAPID SN DIFFUSION IN GAAS AND (AL,GA)AS
T.F.Kuech, M.Goorsky, F.Cardone, G.Scilla, and The microstructural evolution during Zn diffusion
R.Potemski, IBM T.J.Watson Research Center, P.O.Box into semi-insulating GaAs single crystals at
218, Yorktown Heights, NY, 10598. 1170 K was characterized for various diffusion

times t<1740 min by analytical electron
microscopy. The results were compared with Zn
concentration profiles obtained by spreading

Tin is a n-type dopant in GaAs and (AI,Ga)As. It has resistance measurements (SRM) on the same
been recently studied in the growth of (AI,Ga)As in samples.
conjunction with its characteristics as a DX center.
We have studied the diffusion of Sn in both GaAs and Crystal lattice defects were observed only in the
(AI,Ga)As grown by metal-organic vapor epitaxy (MOVPE). depth region between the surface and the diffu-
Unlike other group IV dopants in GaAs, Sn is an ex- sion front which could be identified unambiguous-
tremely fast diffuser at both low temperatures and low ly by SRM. The diffusion front was found to be

characterized by the presence of prismatic inter-Sn concentrations. It diffuses much more rapidly than stitial-type dislocation loops and of cavities
Zn or Mg in similar structures under like annealing partly filled with Ga. Behind the diffusion front
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a dislocation network was observed. The disloca- InAsSb, and G'A.P will be described. Surprisingly, no strong correlation
tions were decorated and surrounded by Ga- botwoca atomic siz difference and the degree of orderng has been
enriched precipitates. Closer to the surface the observed. Another unexpected observation is that the preferred ordered
dislocation density decreased and facetted voids stuctre for the temaries GanP, InPSb, lnAsSb, and GaAsP involves
and vacancy-type dislocation loops were observed. ordering along the I11 l)directions. Both first principles total energy and
Just below the surface SRM yielded a Zn simple strain energy calculations indicate that such ordered structures are
concentration plateau and electron microscopy only slightly more stable than the disordered solid solution. Other ordered
showed a high density of Zn-rich precipitates. structures, including LIo, where ordering occurs along the (100) directions,

are considerably more stable. Both phenomena must be explained in terms of
A model is presented which accounts for these the surface kinetic processes occurring during epitaxial growth. Such an
observations. It is based on fast interstitial Zn explanatonissuppotedbydc Impu &mwe ofkincicpamctresuca ac
dif fusion and the kick-out mechanism for groth rate, temperature, and substrate orientation in determining both the
interstitial-substitutional exchange. A possible degree of ordu;r and the specific ordered structures observed.
contribution of the Frank-Turnbull mechanism well
behind the diffusion front is discussed. G13.2

COMPARISON OF ORDERED AND MODULATED STRUCTURES IN
G12.6 InGaP ALLOY SEMICONDUCTORS GROWN BY MOCVD,

Room - Temperature Diffusion of Mn in CdTe and CHLORIDE-VPE AND LPE METHODS. 0. Ueda, M.
Hoshino, M. Takechi, and M. Ozeki, Fujitsu

the Formation of Cdl.xMnxTe. A. Wall, A. Raisanen, Laboratories Ltd., 10 -1 Morinosato -Wakamiya,

G. Haugstad, and A. Franciosi. Department of Chemical Atsugi 243-01, Japan; and T. Kato and T.
Matsumoto, Yamanashi University, 4-3-11 Takeda,

Engineering and Materials Science, University of Kofu 400, Japan.
Minnesota, Minneapolis, MN 55455.

Ordered and modulated structures in InGaP alloy
semiconductors grown on (001)GaAs substrates by

Deposition of Mn at room temperature onto atomically metalorganic chemical vapor deposition(MOCVD),
clean CdTe (110) surfaces yields atomic interdiffusion chloride-vapor phase epitaxy(VPE) and liquid phase

for metal coverages 0 < 3 A with Mn atoms occupying epitaxy(LPE) have been systematically studied by
transmission electron diffraction(TED) and high

cation sites within the surface and near-surface layers resolution transmission electron microscopy.
of the semiconductor, and the displaced Cd atoms
migrating away from the surface. Synchrotron radiation In MOCVD-InGaP crystals(T =630 0 C), strong

ordering(CuPt-type) has been gbserved, which is
photoemission studies of the surface region as a associated with an abnormality in the
function of the photoelectron escape depth, and parallel photoluminescence(PL) peak energy as previously
studies of bulk ternary alloys cleaved in-situ, indicate reported. For Chloride-VPE-InGaP crystals, CuPt-

type ordered structures have also been observed.room-temperature diffusion lengths for Mn larger than However, the degree of ordering is weaker in the
18 A, and the formation of relatively homogeneous latter case and crystals grown at 576-7400 C
ternary semimagnetic semiconductor surface alloys exhibit normal PL peak energies. On the other
throughout the 0 < x < 0.95 composition range. The hand, in LPE-InGaP crystals, no superstructure

spots are found in the (110) TED patterns, and the
highest Mn concentration observed far exceed those crystals exhibit normal PL peak energies.
obtainable with btilk crystal growth methods, Modulated structures do not depend on the growth

indicating that the surface free energy plays an method since they are observed in all crystals.
From these results, one can conclude that the

important role in determining the stability of the ordered structures are not generated under thermal
ternary surface layer. The resulting simplified equilibrium conditions but rather by the diffusion

atomic-layer-epitaxy method holds promise for the and reconstruction of deposited atoms on the

synthesis of a wide variety of semimagnetic growth surface.

semiconductor superlattices. G13.3

G13.1 ATOMIC ORDERING AND ALLOY CLUSTERING IN MBE-GROWN
InAs Sb_ EPILAYERS. T.Y.Seon , A.G.Norman,

ORDERMlGINIII/V ALLOYS. G.B. Stingfellow, College of G.R.Booke, Dept. of Metallurgy and Science of
Engineering, University of Utah, Salt Lake City, Utah 84112 Materials, University of Oxford, U.K.; R. Droopad,

R.L.Williams, S.D.Parker, P.D.Wang and R.A.Strad-
Simple calculations using the delta-lattice-pammeter (DLP) model ling, Dept. of Physics, Imperial College of

indicate thatthe enthalpyofmixingis Invariably largerthanorequal to zero Science, Technology and Medicine, University of
for IIV alloys, and increus with increasing difrerence in lattice constant London, U.K.
for the constituent binary compounds. In terms offthe regular solution model
this suggests the occurreme of miscibility gaps. Solid phase immiscibility We report the first observation by transmission
has indeed been observed In a number of systems. Nevertheless, such alloys electron diff.'action (TED) of CuPt-type atomic
can be grown by OMVPE. Including the highly metastable alloys Ga PSb and ordering in MBE-grown InAsvSb l-y epitaxial
InFSb. lsiially surprsing was the occurrence of ordered structures in these layers. The layers correspond'ed to the compo-
same allys. Te reg solution model apparently specfically excludes sition range y - 0.2 to 0.8. TED patterns
immiscibility and ordering in the same system. However, when the positive obtained from all the epitaxial layers contained

uudhalpy of mixing is due to strain energy eff , as in TTTN alloys, Hume. strong 1/2(111) superstructure spots. This is
Rohery rcognized very esrlyth" such phenomena should be anticipated. consistent with ordering on (111) planes of the
Thiswaslaterconfinedbydetailedflrstprincplescalculations. In fact, the group V sublattice with alternating As-rich and
tendencyfororderingiaicipatedtoIncrase udediferenceinttrahcdrl Sb-rich (111) planes. Ordering occurred on only
radii ofthe elements shadrig a common subladce increases. Thus, it I two of the four possible (111) planes. The
somcwhat surprising tha ordering was flrst observed in the AlGaAs system intensity of the superstructure spots exhibited a
whereAand ahave nearlyequalsies.Ordered structureshavenowbecn maximum for y i 0.5. This could be due to an
observed in several IWVV alloy "em Includinh the mtrnsy systems increase in either the volume fraction of the
G aSb and aLnPandthequaternaries alnP, GaInAsSb, and ordered phase or the degree of ordering. A fine
AIGInP. In this pape, ordering in odwarlloysystems suchas InPSb, scale (ol5nm) strain contrast was observed by
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transmission electron microscopy in all the which in turn gives rise to the similar decay time observed. CW
epitaxial layers. This contrast is attributed to photoluminescencemeasurementcomparingtherelatveintensityofthe
alloy clustering possibly occurring as a result FE and BE recombination at different temperatures support the
of spinodal decomposition. The 77K carrier suggested model.
mobility decreased smoothly from 5x10 4  cm2Vs-1

for x = 0, to ixl0 3 cm2Vs-l for x = 0.5, and then G14.3
increased to 5x104 cm2Vs-1 for x - 1. Mechanisms
for the coexistence of the atomic ordering and EFFECTS OF CONFINEMENT ON THE OPTICAL PROPERTIES OF
alloy clustering in the epitaxial layers, and A SHALLOW ACCEPTOR AND ITS BOUND EXCITON IN
also possible correlations between the structural GaAs/AIGaAs QUANTUM WELLS. P.O.jglMa),b), M. Sundaramb),
and electrical properties, are discussed. J.L. Merzb), and A.C. Gossardb). a) Department of Physics and
G14.1 Measurement Technology, Link6ping University, S-58183 Linkdping,

Sweden, b) Department of Electrical and Computer Engineering and
LIGHT- AND HEAVY-HOLE BOUND EXCITON TRANSITIONS AND FREE TO Materials Department, University of California, Santa Barbara, CA 93106
BOUND TRANSITIONS IN Ga Al As/GaAs QUANTUM WELLS. Donald
C. Reynolds, Wright lieslearch and Development Center, The binding energy of an impurity confined in a quantum well (QW) is
Flectronic Technology Laboratory, Wright-Patterson AFB OHt, strongly dependent on the thickness of the QW. The effect of the
and Krishan K. Bajaj, Arizona State University, Tempe AZ. confinement on the impurity binding energy has been calculated in several

Excitons bound to neutral donors in Al Ga As/GaAs quantum theoretical papers, but thes predictions have been experimentally verifiedx x only in a few cases, mainly for donors.
wells were observed by high resolution resonant excitation
photoluminescence, and temperature dependent photolumines- We report in this study the observation of transitions from the ground
cence measurements. Changes in the binding energy of state to excited states of the Be-acceptor confined in narrow GaAWAIGaAs
excitons are observed when the donors are located in the QWs via two independent spectroscopic techniques: Two hole transitions
center or the well, at the edge of the well, or in the (THTs) of the acceptor bound exciton (BE) measured by selective
center of the barrier. The variations in these binding
energies are reported as a function of well size from photoluminescence and resonant Raman scattering (RRS) observed at
75-350A. The binding en#rgies increased as the well size dye-laser excitation resonant with or close to the BE. The same transitions
was reduced to about 100A, with further reductions in well are observed at almost identical transition energies with these two
size they decreased. techniques. The effect of confinement on the acceptor transitions has been

investigated by varying the thickness of the QWs in the range 50 - 138 A
Light-hole free excitons bound to neutral donors were for samples doped in the central 20% of the QWs. The provided
observed in Al Ga. As/GaAs quantum wells. The transitionswberbved , in lxu-xs/ selectiv eao htains experimental results are also compared with the theoretical predictions.were observed, us ng selective excitation photoluminescence

spectroscopy, in the energy region between the light-hole The dependence of the binding energy of the exciton bound to the
and heavy-hole free excicon transitions where no other investigated Be-acceptor on the transition energics as determined from the
intrinsic transitions exist. The neutral donor-bound above described THT and RRS measurements has also been investigated.
heavy-hole free-exciton transitions were also observed when An almost linear relationship between these quantities was derived, which
the light-hole bound excition transitions were observed, implies that a correspondence to Haynes' rule in bulk material could be
Quantum well structures which showed no evidence of a applied also to these QW systems, but in this case for the same acceptor at
heavy-hole donor bound exciton also showed no evidence of a different binding energies due to the effect of confinement.
light-hole donor bound exciton.

Free to bound transitioni, free hole to bounn electron, G14.4
have also been observed in the A1 Ga. As/GaAs quantum OPTICAL SPECTROSCOPY OF 2D ELECTRONS
weils. The diamagnetic shilt of these transitions was used CONFINED AT A GaAs/AIGaAs HETEROINTERFACE IN A
to identify them from excitunic transitions. TRANSVERSE ELECTRIC FIELD. Q.X.Z-haoa),P.Bergmana),

G14.2 B.Monemara), P.-O.Holtza,b), C. Hallina). M.Sundramb) ,J.L.Merzb)
and A.C.Gossardb). a)Dept. of Physics and Measurement Technology,

DECAY MEASUREMENTS ON FREE AND BOUND EXCITON Link6ping University,S-581 83 Linkoping,SWEDEN. b)Dept. of
RECOMBINATION IN DOPED GaAs/AIGaAs QUANTUM WELLS. Electrical and Computer Engineering,University of California, Santa
P.Berman. P.O.Holtz, B.Monemar, Dept. of Physics and Barbara, California 93106, USA.
Measurement Technology, Linknping University, S-58183 6nkping,
SWEDEN; M.Sundaram, J.L.Merz and A.C.Gossard. Dept. of Radiative recombination and decay time measurements of the two
Electrical and Computer Engineering, University of California at Santa dimensional electron gas in a GaAs-AlGaAs heterojunction (the so called
Barbara, Santa Barbara, CA 93106, USA. H-band) has been studied under transverse electric field perturbation in

specially optimized structures prepared by molecular beam epitaxy. The
We have studied the decay kinetics of the free exciton (FE) and the heterointerface was created between 50 nm undoped GaAs and 8 nm of
acceptor bound exciton (BE) in a GaAs/AIo.3Gao.7As quantum well undoped AI. 35Ga0.65As followed by 70 nm Si-doped Alo.3aO.65As.
(QW). The QW:s were grown by molecular beam epitaxy (MBE) in a Both positive and negative gate voltages have been applied to the GaAs-
Varian Gen II system and doped in the central 20% of the QW with a AIGaAs interface, and shifts of the H-band energy position depending on
Be-concentration of 1017 cm-3 .The measurements were perfonted on the gate voltage are induced by the corresponding changes in the hetero-
different samples with a QW width ranging from 50 A up to 150 A. interface 2D potential. For different pate voltages the excitation power

dependence of the H-band enery position is quite similar, since only the
At low temperatures the decay time of the BE was found to be in the lowest 2D subbano is occupied in these samples. It is demonstrated that a
range of 350-550 ps with a weak tendency of increased decay time with transverse electric field allows a simple way to modify the 2D
an increased QW width. The FE decay at low temperatures is close to heterointerface potential, so that detailed spectroscopy can be done on the
our measuring resolution (250 ps). At higher temperatures the FE decay recombination of carriers localised in such a potential. Another interesting
increases due to the change in the energy distribution of the FE:s. Our pheonomenon is that the gate voltae can increase the luminescence of the
measurements show that the measured decay time of the BE also active 50nm-GaAs layer. This indicates that the electric field makes the
increases correspondingly, and at temperatures above 20 K the decay "3D" recombination more dominant by changing the potential. To obtain
time of the BE and the FE are identical m all samples. information about the dynamical behaviour of the interface recombination

we have performed both timeresolved spectral measurements and timeThe temperature dependence of the deca times is explained by a model decay measurements with and without an applied electric field. The decay
assuming thermalization between the % and the BE. This results in a
thermal equilibrium between these states at elevated temperatures,
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time has been measured at different energy positions in the broad H-band G15. 1
luminescence, andis found to have a non-exponendal decay with values of THE DX CENTER: EVIDENCE FOR CHARGE CAPTURE VIA
decay time varying from a few ns at high energies, to hundreds of ns in the AN EXCITED INTERMEDIATE STATE. Thomas N. Theis and
lower energy region. Patricia M. Mooney, IBM Research, T.J. Watson Research Center,P.O. Box 218, Yorktown Heights, NY.
G14,5

We review diverse experimental observations which suggest that
DEFECT INDUCED LUMINESCENCE FROM MBE PREPARED charge capture to the deep donor level (DX center) in GaAs and
Si/Si,_.Ge, SUPERLATTICES.* G.A. Northrop, S.S. lyer, and D.J. A/,Ga,_,As occurs via an intermediate excited state. The observations
Wolford, IBM Thomas J. Watson Research Center, Yorktown include: I. The alloy and pressure dependence of the activation ener-
Heights, NY 10598. gies for capture and emission. 2. The non-exponential broadening of

the capture transients, corresponding to an exponential dependence of
We report the first definitive observation of photoluminescence (10 the capture rate on the quasi-Fermi level. 3. The electric field and

K) from Si/SiGe superlattice heterostructures. Samples consisting of lattice temperature dependence of the hot electron capture rates. All
of these observations support the large lattice relaxation picture, but

thin alternating layers of Si/Si.,Ge0,m were prepared by molecular multiphonon capture must occur from an excited state which lies well
beam epitaxy on (001) Si. Radiation damage, in the form of implan- above the lowest conduction band edge, and which approximately
tation with 3xl0' 2 /cm 2 Si ', at 50 keV, followed by annealing at tracks the DX level.
200°C, was used to produce centers responsible for the sharp I and
G excitonic lines, often observed in similarly damaged silicon. What suppresses multiphonon capture from the -valley? Many au-
Superlattices with periods as short as 200 A exhibit significant recom- thors have suggested that capture occurs via conduction states of the
bination at both centers. We find the G-line is not measurably shifted higher lying L-valley, but recent experiments indicate DX involves no
or spectrally broadened, thus suggesting that such recombination may unusual weighting of L-like basis states. A natural mechanism for

be localized to the unstrained, pure silicon layers. In contrast, the suppressing such transitions is that capture to DX involves more than
one electron. Simultaneous capture of two electrons from the F valley

shallower 1, center displays two components -- a sharp line similar to is improbable, and the dominant capture process involves occupation
that of G, centered on a broadened, but distinct, luminescence back- of a localized resonant state, which can relax to the DX state upon
ground. This we interpret as recombination at centers localized to capture of a second electron. Such a picture is completely consistent
both the silicon and the alloy layers, respectively, thus proving deep- with a "negative 11" model for the DX center, as proposed by Chadi
level recombination occurs from within the heterostructures. Use of and Chang. Furthermore, the inferred configuration coordinate dia-
these defects as potential probes of very narrow-period and symmet- gram is precisely analogous to that calculated for the arsenic antisite
rically strained superlattices will be discussed, as will possibility of hy Dahrowski and Schellcr. This supports the idea that the neutral
quantum-size effects in these structures, arsenic antisite (EI.2) and negatively charged substitutional donor

(DX) arc similar defects.
*Supported in part by the U.S. Office of Naval Research under con-
tract N00014-85-C-0868. G15.2

G14.6 EFFECT OF LOCAL ATOMIC CONFIGURATION ON DX
ENERGY LEVEL. T. Baba and M. Mizuta, NEC Cor-

SHALLOW-DEEP TRANSITIONS AND DEEP LEVELS IN poration. Tsukuba, Japan; and T. Fujisawa, J.
SUPERLATTICES. John D. Dow, S. Y. Ron, J. Shen, R.-D. Yoshino and H. Kukimoto, Tokyo Institute of
Hong, D. A. Drabold, 0. F. Sankey, H.-H. Tsai, S. Klemm, Technology, Yokohama, Japan.
and P. A. Fedders, U. of Notre Dame*, Notre Dame, IN.

In this paper we have successfully determined
Substitutional impurities in semiconductors that are s- energy levels of Si-DX centers with specific lo-
and p-bonded generally produce four deep levels with cal environments, specifically the Si-DX center
energies in the vicinity of the fundamental band gap (one s u r r o u n d ed o n I y b y t h e G a 2 n d n e a r e s t
s-like and three p-like). If none of these levels lies neighbors(nn) is located 295meV above the r con-
within the gap and the impurity comes from a different duction band edge of GaAs. The energy level
Column of the Periodic Table from thee atom it replaces, moves downward when coordinated by an Al and Ga
then the impurity is termed a "shallow impurity"; mixed-environment by as much as 120meV. We will
otherwise it is a "deep trap" or an "isoelectronic further report similar experiments for the case
center". Artificially layered materials such as of a Te donor and will compare this with Si. The
superlattices offer an opportunity to change the main concern of this paper is the different be-
character of an impurity from "shallow" to *deep" by haviors of the two donors due to the different
driving one of its deep levels from within the host bands substitutional sites between Si (group I site)
into the gap. This can be done by engineering the and Te (group V site).
thicknesses of the artificial layers. The superlattice
band edges are relatively more sensitive to the layer Using a sample consisting of a monolayer of AlAs
thicknesses than the energies of the deep levels, and 14 monolayers of GaAs with Si or Te as a
allowing one to move a band edge through a deep level, dopant, DLTS measurements were conducted under
changing the character of the impurity. For example, Si various hydrostatic pressuras. The energy level
on a Ga site in a GaAs quantum well of a GaAs/AIAs for the Te-DX center surrounded only by Ga was
superlattice will have its s-like deep level above the found to be higher than the energy of the Si-DX
conduction band edge of the superlattice for thick center in GaAs. Downward movement of the Te-DX
quantum wells, but in the superlattice's band gap for center when associated with Al as the fst an was
thin wells, being "shallow" in the former case but "deep" also observed. On the other hand, different from
in the latter. This impurity makes the quantum well n- the Si-DX center, a very large shift of the ac-
type for thick wells but semi-insulating for thin ones. tlvation energy for electron emission with pres-
(Similar behavior, as a function of alloy composition, is sure was found for the Te-DX center surrounded
observed for Si in AixGal xAs alloys and N in GaAsl-xPx.) by the mixed-environment. This will be discussed
We speculate that similar shallow-deep transitions can be in relation to the lattice relaxation of the
employed to circumvent the resistance of some II-VI relevant DX centers.
semiconductors to p-type doping and to explain the low
doping efficiency of amorphous Si.
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G15.3 doped n-GaAs by pulsed-dye-laser annealing (0=728 nm) on
Si-implanted GaAs. Electron concentrations exceedELECTRIC FIELD ENHANCEMENT OF THE EMISSION RATE OF DX 3X19/cm . Raman studies indicate that the highest

CENTERS. Mimoun Zazoui, Song L. Feng, Jacques C. Bourgoin frequency of the Raman plasmon mode (L ) is at -1700 ihe ,

and Hans J. von Bardeleben, Groups do Physique des Solides muc ratan an meviou s at -0 m
do l'Ecole Normal* Supirieure, Centre National doel much higher than any previous reports. OurRech'Eche SciortifiqupTour 2, 2plae Naioual 7525 photoluminescence (PL) studies show that in very heavilyRecherche Scientifiquea , Tour 23, 2 place Jussiou, 75251 doped n-GaAs, the electron-hole recombination isParis Cedex 05, France. dominated by non-momentum-conservation transitions.

The PL spectra indicate a bandgap narrowing, due to heavy
n-type doping, which is approximately proportional to theWe have investigated the electric field enhancement of the square root of the electron concentration. For a carrierelectron emission rate of OX centers in MBE and LPE Si and concentration of 3.2X10'9/cm3 , the bandgap shrinkage exceedsTo doped GaAlAs layers for different alloy compositions. -180 meV. The PL data show that the Fermi level exceeds 420

In To doped layers, in a specific alloy composition range, meV at the highest carrier concentration. This is indirect
this enhancement is found to obey to the Poole Frenkel evidence of a conduction band "stretch" between the r and L-
effects. The reason this effect is operative for special valley of GaAs. If the F-band edge shifts much more than the
alloy compositions and natures of the impurity will be L-band edge during the course of bandgap narrowing, the
explained. The consequences of the fact that DX center energy difference between the DX center and Fband edge
emission is sensitive to the Poole FrenDel effect will be increases significantly. Then carrier concentrations exceeding
developed. -2X10"/cm are possible without the Fermi energy exceedingbe a single donor state, as is the shallow effective-mass the DX center energy.
state associated with the lowest conduction band. It will
therefore be concluded that the DX level is the effective- * Present address: Center for Microelectronic and Optical
mass state associated with the L band which is deepened by Materials Research, University of Nebraska, Lincoln, NE.

intervalley mixing.

a associi 1 l'Universit6 Paris VII. G16.1

G15.4 THEORY OF EL2 AND DX CENTERS. D. J. Chadi, Xerox Palo Alto
Research Center, Palo Alto, CA.

OPTICALLY DETECTED MAGNETIC RESONANCE OF GROUP IV AND GROUP
VI DONORS IN AlGa_.As/GaAs (xZO.35) HETEROSTRUCTURES. The doping of GaAs with Group IV or VI elements generally
E. GLASER. T.A. Kennedy, and B. Molnar, Naval Research leads to shallow donor levels with binding energies of =-7 meV.
Laboratory, Washington, D.C., 20375-5000. These shallow levels are associated with substitutional site

The influence of different chemical species on the nature of impurity atoms. A very interesting shallow-deep transition is
shallow donor states in Al.Ga.As/GaAs heterostructures has experimentally observed to occur at pressures exceeding 24

been investigated by optically detected magnetic resonance kbars. In the absence of pressure, the same type of transition is
(ODMR). ODIf experiments were performed on as-grown and observed to occur when a fraction larger than 22% of the Ga
implanted Si- and S-doped epitaxial layers (1-5 jim) of AlAs atoms are replaced by Al, i.e.. the donor binding-energy
and AlGa-_=As (xz0.35) grown on (001) GaAs substrates. The increases with Al concentration reaching a peak value of about
results are compared with the predicted behavior of shallow 160 meV. The microscopic nature of atomic distortions
donor states associated with group IV and group VI responsible for the formation of these deep DX centers in Si and
impurities in 11-V semiconductors. S doped GaAs and AIGaAs alloys were examined via ab initio

self-consistent total-energy calculations. Defect formation is
Angular rotation studies of the Si donor ODMR reveal the found to be accompanied by a large bond rupturing lattice
heteroepitaxial strain of the Al.Ga-.As/GaAs structures and distortion involving the donor and one of its nearest neighbors.
demonstrate explicitly the X-muinimum symmetry of the The proposed atomic structure for DX is shown to provide a
shallow donor state.% This donor can be described by an
indepenedent valley model for xZ0.75 since the valley-orbit satisfactory explanation for nearly all of its experimentally
interaction is negligible, observed properties. The similarities and common physical

origins of DX and As-antisite derived EL2 defect centers are
The donor g-value anisotropy is much reduced for the S-doped emphasized. Our most recent calculations show that a similar
samples as compared to the Si-doped samples with similar type of lattice distortion also occurs in p-doped ZnSe where it
aluminum mole fraction. For example, Ag-0.008 as the leads to acceptor self-compensation.
magnetic field is rotated from [1101 to (001] for
Alo..Gao.As:S as compared toAg-0.019 for Alo..Gao.,As:Si. G16.2
In addition, the linewidths of the resonances are
significantly larger for the S-doped samples. These data is DX(Te) CENTER IN AlGai-sAs A NEGATIVE-U DEFECT?

suggest that the valley-orbit splitting of the ground L._ Dobaczewski, J. E. Dmochowski. P. Kaczor. J. Wrobel, and

singlet (A.) state and the excited doublet (E.) state for J. M. Langer, Institute of Physics. Polish Academy of

the S donor in AI.Ga_.As is 10-15 meV, similar to values Sciences, Warsaw, POLAND.
reported for group VI donors in GaP.
1. E Glaser et al.. Phys. Rev. B (Aug. 15, 1989) DX centers in AlGaAs attract significant attention caused

by their atypical behavior for defect states as well as

The work was supported in part by ONR their technological Importance. Among many open problems
concerning their nature one has attracted particular

G15.5 attention recently. It is a possibility of a negative-U
character of this defect. It is our aim to provide analysis

OPTICAL PROPERTIES OF EXTREMELY HEAVILY DOPED of several experiments aimed to resolve this puzzle as well

n-GaAs. Huade Yao and Alvin Compaan, University of as to discuss implication of the negative-U for

Toledo, Toledo, OH. recombination processes.

It is generally accepted that the DX center lies -160 meV Careful analysis of t- . Hall concentration (particularly

below the L-band edge in GaAs. Therefore carrier lack of a double slope in the high temperature region for

concentrations of n-GaAs can not exceed -2X10 19/cm 3  all known data Indicating an omnipresent high compensation

provided there is little distortion of the conduction band at being quite natural for a negative-U system) gives support

high dopant densities. However, pulsed-laser annealing on to this model. A seemingly indicative mobility changes are

ion-implanted GaAs can produce carrier concentrations
beyond this limit. Recently, we obtained extremely heavily

269



consistent with this model but do not provide a clear cut G16.5
argument THE METASTABILITY OF THE EL2 DEFECT IN GaAs AND 3-5

ALLOYS. Hans J. von Bardeleben and Jacques C. Bourgoin,Most significant piece of evidence for the negative-U is Groupe de Physique des Solides de lEcole Normale SupS-
given oy the absence of the Poole-Frenkel effect in the roups Cen sr e dati o l de da Vec r e N ri e f up4 

,

ground state (localized) of DX center in contrast to a rieure, Centre National de la Recherche Scientifiquea,groud sate(loalizd) f D ceter n cntrst o a Tour 23, 2 place Jussieu, 75251 Paris Cedex 05, France

standard P-F effect occurring at the metastable hydrogenic

X-like Do state.

The microscopic structure of the EL2 defect and its
The supposition that the DX center in the ground state relation to the metastability has turned out to be ott of
binds two electrons is also consistent with a strong the key problems in the study of this defect. The two
dependence of a capture rate on a high magnetic field. currently discussed models, the isolated arsenic antisite
There Is also quite significant evidence that a ASGa and the pair model AsGa-AS i , predict different
photoionization of DX center is a two-step process (with an metastable configurations : the gallium vacanc-arsenic
intermediate state being a neutral Do state), interstitial pair and the split interstitial Asi-As i

respectively.
G16.3

We present in this paper an analysis of the alloy and
ODTOS.I I ON A. lOTa r TETS OF D-C % pressure dependence of the EL2 properties in the stable

MOrEI.Sa Haold P. I Hjalbarsori. S. R. Xrtsueand T., X.and metastable configuration. We show that these varia-
Mexico 87185. tens, which have not been included in the previous

modelling of EL2, can be quantitatively interpreted if the

The DX-centear photoioulacion croes-section h a large EL2 metastable state is attributed to the Ai Is)
threshold energy (approxilately 1 *V) which is much larger effective-mass state associ:ted with the L conduction band
than its thermal binding energy (approximtely 0.1 *V), minimum. The apparent contradiction on the point symmetry
This data can be explained by a laxgealatgice ralazatS ak of EL2, deduced from optical absorption and ODENDOR
model in which strong coupling to1the lattice drives a measurements, find a simple explanation within this model.
resonance state Lnto the bandgap. It the trapped The origin of this metastability implies it to be a
bipolarou model, the large lattice relaxation occurs WY2 property concerning not only the double donor EL2 but the
if a segond # itran is captured by the neutral DI-center. much wider class of donor defects in 3-5 compounds.

These models can be distinguished by detailed mea.suements a associ I l'Universit4 Paris VIi.
of the photoionization or photocapacitance cross-sectlon.
We show that further analysis of the orlinal LLR model
shove that it predicts a phenomenon which ye term G17.1
photocapture. In this phenomenon, absorption of light PROGRESS IN UNDERSTANDING THE OPTICAL PROPERTIES
induces transitions between conduction bandedge states and
unrelaxed DX-canter states lying within the conduction OF EL2. G.A. Baraff, AT&T Bell Laboratories, Murray Hill, N.J.,

band. The net result in the ideal model is that absorption 07974

of light can fill the bX-center. The modified
phocoionization cross-seoction for the LLI model will be Many experimental techniques have been used to probe EL2 in an
shown to disagree with photocapture data. Furthermore, the attempt to determine its exact microscopic identity, the exact
photoionization cross-section for the trapped bipolaron position of nearby atoms for both its normal and metastable
modal will also be described; it disagrees with configurations, and the exact mechanism by which it transforms
phatoianization data. between the two. Part of the reason for our difficulty in reaching

1. D. V. Lang, R. A. Logan, X. Jaros, Phys. Rev, A 12, full understanding of this defect may be that our knowledge of basic
1015 (1979). defect processes has been built on experience with systems for
2. D. J. Chadi and I. J. Chaang, Fhys, Rev. Lett, Al. 873 which standard simplifying approximations have been valid. For
(1988). that reason, we may have been unprepared to cope with a defect for

*This work was supported by the U. S. Department of Energy which these simplifications do not work.
undar contract number DE-AC-04-76DP00789. In this talk, we shall review experimental features of the optical
G16. 4. absorption of EL2 in the normal state. We shall exhibit some of the

seeming internal inconsistencies that appear in interpreting them.
%1OSSBAI'ER STUDY 01 THE DEFECT STRUCTURES We shall then show how some of these inconsistencies trace back to
\ROUND Te IMPLANTED IN Al5 Gat-,As. H. Bemelmans and G. the breakdown of familiar ideas which we have carried over from
Langouche, IKS, University of Leuven, Belgium; G. Borghs, IMEC, the study of similar, but better behaved, systems. Finally, we shall
LPuven, Belgium. present an account of recent progress towards refining our
1l2imle atoms were implanted in Al5Gat-iAs (0 < x < 1) with a dose understanding of the EL2 optical absorption spectrum and its
of 2 , 1013 atoms/cm 2. After rapid thermal annealing to 900C, a response to hydrostatic and uniaxial stress.
variation in the M6ssbauer spectra as a function of x is observed.
For 0.2 < x < 0.7, a component with a large electric field gradient is G17.2
dominant in -the spectra, while for the other values of x an unsplit DIRECT OPTICAL DETERMINATION OF THE CROSS-
resonance dominates. The same component with the large electric SECTION FOR LIGHT INDUCED METASTABLE TRANSITION
field gradient was observed before (l ien the Mf6ssbauer spectra of OF THE EL2 DEFECT. W. KuszKo, M. Jezewski, J.M.
Tc-implanted GaAs for concentrations exceeding 1019 atoms/cm 3. Baranowski; Institute of Experimental Physics,

As the presence of this component is correlated with the presence of Wasaw University Warsaw, Poland.
tho DX-center, the hyperfine interaction parameters of the observed The characteristic absorption spectrum of the
\l6ssbauer spectrum component will be discussed with respect to EL2 defect in GaAs quenches proportionally when
orne of the existing models for the DX-center. the defect undergoes a transition to a

metastable stcte during illamination of a
crystal at low temperature. This feature was

G iangouche, D Schroyen, 11. Bemelmans, M. Van Rossum, W. used to measure a spectral dependence of anD.raedt and At. de Potter, Mat. Res. Soc. Symp. Proc. 104 (1988) absolute value of a cross-section a* for the
light induced metastable transition. The
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spectrum of a' exactly renders the shape of the meV GPa- 1 for the first ionization level. We
band of the EL2 intracenter absorption with its
fine structure. This is a strong evidence that propose that it indicates that the strong lattice
both the fine structure and the broad band of coupling of EL2 occurs in the neutral charge state.
the Intracenter absorption are due to the same
transition within the defect. It is also ruling

J out the possibility that the excited state of *Supported by US DOE
this transit:on is a strongly delocalized level, contract DE-AC03-76SF00098.
It is concluded that the EL2 defect reaches its
metastable configuration relaxing from the 117.5

excited state of the intracenter transition THE SYMMETRY OF THE EL2 DEFECT IN GaAs. P.Trautman
which is in agreement with the recent and J.M.BaranowsKi, Institute of Experimental
theoretical results by Chadi et al. and Physics, Warsaw University, Warszawa, Poland
Dabrowski et al. A comparison of the value of a*
with the value of the cross-section of the
intracenter absorption shows that the Linear dichroism has been measured in the broad
effectiveness of this channel of relaxation is absorption band of the EL2 defect in GaAs under
in tie order of a few percent. uniaxial stress. In addition, the splittings of

the EL2 zero-phonon line (ZPL) at 83Tcm
- 1  

under
G17.3 uniaxial stress applied along (100], fill], and

[110] directions have been measured. Splitting of
THE DOUBLE DONOR ISSUE OF THE EL2 DEFECT IN the ZPL under C100] stress is over one order of
GaAs. M. 0. Manasreh and Gail J. Brown, Materials Laboratory magnitude smaller than under [ill] stress, on the
(WRDC/MLPO), Wright Research and Development Center, Wright- other hand, the linear dicnroism in the broad

Patterson Air Force Base, Ohio 45433-6533. absorption band is roughly equal for these two
directions of stress. This is an evidence for the

Photo-induced changes in the infrared (IR) absorption spectrum of the quenching of the coupling to tetragonal strains
due to interaction with trigonal modes of the

EL2 defect in undoped and lightly alloyed unannealed GaAs materials lattice (the Ham effect). Therefore, it is
grown by the liquid-encapsulated Czochralski technique were observed established, that the excited T2  state of EL2
under a monochromatic light irradiation. These changes were is an localized state subject to dynamical
attributed to the change of the charge states of EL2. The spectrum Jahn-Tel' coupling to trigonal modes of the

which is believed to be due to the charged EL2 exhibits a complex lattice., he possibility that the excited T2  state
has hydrogenic nature associated with the L minimastructure with two peaks at 1.07 and 1.32 eV and a shoulder at is ruled out by the present results. The observed

0.94 eV. The EL2
+ 

-+ EL2
0 

and EL2
+ 
--* EL2

0 
were obtained by splittings of the ZPL together with polarization

illuminating the sample with 0.7 < hv < 0.95 eV and 1.3 hv 51.5 selection rules clearly indicate the teranedral Td
symmetry of the EL2 defect ruling out any other

eV. respectively. The transformation EL2 + 
4-* EL2

0 
can be achieved point group in particular trigonal C3v. In view of

in less than 10 sec and can be repeatedly switched back and forth the presented experimental results, their
between the two states. Fourier-transform photoconductivity interpretation, and recent theoretical
(FTPC) measurements were performed on a large number of samples inve. tigations, the isolated arsenic antisite ASGa

most successfully accounts for the properties ofboth semi-insulating and n-type. Two broad peaks were observed in t sutra l a t f te proet
the FTPC spectra with thresholds at -0.78 and -0.95 eV. The
photoquenching and thermal recovery properties of these two peaks are G18.1
identical to those of EL2. Both IR and FTPC results suggest strongly
that EL2 is a double donor. AN AOALUS VACANCY DIFFUSION IN SILICON DURING THE

ArDM DRIVE-IN DIFFUSION: W. Wijaranakula and J.H.
G17.4 Matlock, Materials Characterizacion Laboratory, SEH

America, Inc., 4111 NE 112th Ave., Vancouver, WA98662,
ABSOLUTE PRESSURE DEPENDENCE OF THE SECOND USA.

IONIZATION LEVEL OF EL2 IN GaAs. D.E. Bliss, In the junction-isolated bipolar integrated circuit
W. Walukiewicz, D.D. Nolte, and E.E. Hailer, Dept. of device fabrication, a low-resistivity buried layer diffu-
Materials Science and Mineral Engineering, sion is the first processing step prior to epitaxial

layer growth. In the region underneath the antimonyUniversity of California at Berkeley and the buried layer, enhanced oxygen thermal donor generation
Center for Advanced Materials, LBL. and retardation of the oxygen precipitation were obser-

ved. The effect of oxygen outdiffusion could explain one
of the phenomena, but not both simutaneously, because

We report the results of DLTS experiments under they seemingly contradict to each other. If it is
uniaxial stress on the second ionization level of assumed that the electronic defects responsible for the

donor activity are related to silicon interstitials, an
EL2 in p-type GaAs. We measured the shift in the enhanced thermal donor generation could occur as a
hole emission rate as a function of stress applied result of vacancy undersaturation. This assertion

in thc [1001 and [110] directions. By modeling the appears to be the most plausible one because it is
consistent with an observed retardation of the oxygenvalence band with two independently displacing precipitation.

bands and appropriately derived thermal Fran the above observations, it is hypothesized that the
effective masses, we obtain a small bsolute depletion of intrinsic vacancies in the region under-
hydrostatic pressure derivative for th. defect, neath the buried layer occurs during an antimony drive-

in diffusion. In this region, the diffusion of ionized36+±15 meV OPa-1. The shear contribution vacancies could be enhanced by the build-in electric
negligible. This result is very different from the field originating from the antimony buried layer. In the
measured absolute pressure derivative of 90±1 5 buried layer, a Sb V coaplex formation is also hypothe-
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sized. Assuming the proposed mechanism is to prevail, G18.4
the intrinsic vacancy concentration could play a signi- RAPID THERMAL PROCESS-INDUCED DEFECTS: GETTERING
ficant role in the generation of the oxygen thermal OF THE INTERNAL AND EXTERNAL CONTAMINANTS. B.
donors in silicon. Hariti, W. Eichhammer, J.C. Muller and P. Siffert, CRN (IN2P3)

Laboratoire PHASE (UPR no 292 du CNRS) BP 20, 67037 Strasbourg
G18.2 Cedex, France.
A COMPARISON OF IHE DIFFUSIVITY OF AS AND GE IN In recent years, rapid thermal processes (RTP) have been widely
SI AT HIGH DONOR CONCENTRATIONS. K. Kyl lesbech studied with the aim to replace conventional thermal processes. As RTP
Larsen, P.Gaiduk, and A.Nylandsted Larsen, suidwt h i orpaecnetoa hra rcse.A T
Institute of Physics, University of Aarhus, inherently include quenching steps at the end of the thermal cycle, the
DK-8000 Aarhus C, Denmark determination of the origin of RTP-related defects in silicon is of great

importance for many device applications. RTP-induced defects were in

The aim of this paper is to compare the diffusiv- general analyzed by means of Deep Level Transient Spectroscopy
ity of As and Ge in Si at high donor concentra- (DLTS) in the near surface region. A number of energy levels were
tion: -10 < n/n < -60, where n and n are re- detected, varying from one author to the other, which were believed to
spectively the act laY and intrinsic carrier con- be either intrinsic or impurity-related defects without excluding a
centration at the diffusion temperature. Such a possible contribution of surface contaminants.
comparison is interesting for many reasons, suf-
fice it to mention here that these two impurities Here, we will demonstrate that the RTP-induced defects are related to
have almost the same mass and tetrahedral cova- residual impurities present in the as-grown material, and, hence are
lent radius (both bigger than the one for Si) but dependent on the origin of the silicon wafer. For one particular material
that Ge is electrically neutral as a substitu- an activation of a specific residual metallic impurity was observed in the
tional impurity in Si whereas As is positively temperature range 800 - 1000*C. A complete picture of what is occuring
charged, hence Coulomb-interaction related diffe- in RTP was obtained by a systematic serial sectioning in steps of about
rences in the diffusivities can be, in principle, 254m over the whole sample thickness. In particular, we were able to
studied, separate three different effects : the activation of residual bulk defects,

the inhomogeneous redistribution of these defects by a gettering effect
We have previously demonstrated that for -20 < of the surface, and the occurence of surface contamination during the
n/n. < -60 the diffusivities Sn, As, and Sb in sample preparation.

Si it 1050°C depend on (n/n )-, where S is sig-nificantly higher than 2, ihe value which should The annealing of the activated bulk defects as well as the possiblebe expected for diffusion via doubly charged ne- passivation of these defects by means of low-energy hydrogen ion

gative vacancies. In the present paper we include implantation are discussed.
data for Ge and will perform a detailed compari-
son between the measured diffusivities of Ge and G18.5
As in Si as well as a comparison with theoretical
estimates. OXYGEN AND IRON REDISTRIBUTION UPON TERMAL

TREATMENT IN IRON IMPLANTED SILICON. B.iac',
G18.3 A. Borghesi', L. Jttolini", M. Geddo, A. Piaggi" and A. Stella',

•Dipartimento di Fisica-Universita' di Pavia Via A. Bassi 6, I-
ANOMALOUS TRANSIENT TAIL DIFFUSION OF BORON IN 27100 Pavia, ITALY; 'Centro di Studio per la Cri.tallografia
SILICON: CONCENTRATION DEPENDENCE VERSUS SPATIAL Strutturale del C. N. R., 1-27100 Pavia, ITALY
DEPENDENCE. N.E.B. Cower, Philips CFT Automation, Eindhoven, The
Netherlands; H.F.F. Jos, Philips Components, Nijmegen, The Netherlands; and As an iron is a fast diffuser in silicon, the prevention of silicon
K.T.F. Januen, Philips Research Laboratories, Eindhoven, The Netherlands. contamination with iron during technological processes is very dif-

ficult. In order to study the iron-oxygen interaction in silicon, dif-
Boron transient diffusion exhibits an anomalous 'tail' diffusion, in which the ferent doses of 100 keV iron ions have been implanted into CZ sil-
low-concentration part of the B profile diffuses much faster than the 'peak' re- icon substrates, and subsequently annealed. The redistribution of
gion. Currently available models of this effect either assume that it arises from iron and oxygen upon thermal treatment in nitrogen atmosphere
inhomogeneity in the silicon crystal due to damage 11,21, or that it is due to was monitored with SIMS and FTIR measurements. A significant
spatial variation in B subhtitutionality after ion implantation 131. gettering of iron as well as of oxygen into the layer close to the

implanted surface has been found only for doses exceeding the
Recent observations suggest that at damage levels below the amorphisation critical fluences, therefore indicating that the structural disorder
threshold, the response of B doping atoms to implantation damage depends and associated lattice strain field are the main driving force for
mainly on the B concentration. Specifically, implantation of a low dose of Si gettering mechanism. It has been found, however, that for doses
ions into the near-surf . region of a substitutional B profile appears to cause above the critical fluences not all iron ions have been trapped into
B transient diffusion which is inversely dependent on B concentration 141. This the damaged region, but a significant part of them have diffused
behavior is not consistent with any of the models so far proposed for the anoma- into the bulk of material, unaffected with gettered oxygen.
lous B peak-tail diffusion [1-31.

To clarify this issue we report further, more critical measurements on the con- G18.6
centration dependence of anomalous B transient diffusion, using a range of shal- ION BEAM ETCHING OF SILICON: IMPLANTATION AND DIFFUSION OF
low Si implant doses into deep substitutional B profiles. We also report on the NOBLE GAS ATOMS, AND GETTERING OF COPPER
evolution of the electrical activation as a function of B concentration and time, William D. Sawyer and J~rg Weber
using SIMS and spreading- resistance techniques. We discuss the physical basis Max-Planck-Institut fur Festk~rperforschung
for alternative models of the observed behavior, and present numerical simula. Heisenbergstr. 1, 7000 Stuttgart 80, Federal Rep.of Germany
tions based on one such model.

Using photoluminescence (PL), Rutherford backscattering
I. R.B. Fair, J.i. Wortman and J. Liu, J. Electrochem. Soc. W31, 2387 (1984). (RBS) and transmission electron microscope imaging (TEM),
2 A. E. Michel, Nucl. Instrum. Meth. B37/38, 379 (1989). we investigate defects which are introduced into silicon by
3 W K. Hofker, H.W Werner, D.P. 6ostoek and H.A.M. de Grefte, Appl. ion beam etching. The RBS results show that during the ion
Phys 2, 265 (1973). beam etch a highly damaged surface layer is formed which
4. N.E.B. Cowern, H.F.F. Jos and K.T.F. Janssen, Proc. E-MRS Meeting, contains a large concentration of Ar atoms. The Ar atoms
Symposium B, Strasbourg, May 30.June 2 1989. then diffuse out of the surface and into the crystalline

bulk by some form of radiation enhanced diffusion.
Annealing of the etched samples at 350C results in the
formation of noble gas defects known from previous PL
studies of ion implanted silicon. When the samples are
annealed at 650*C new defects are formed. Although little is
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known about the structure of these defects, we show that the G18.9
new Ar defect getters a small copper contamination very FAILURE OFTHE"KICK-OUr MODEL FORTHEDIFFUSION OF
effectively. Further annealing of the Ar etched samples at Au INTO SI WHEN TESTED BY MONTE CARLO SIMULATION.
1050°C causes the formation of Ar bubbles with an average Uwe Schmid*, and James A. Van Vechten, Oregon State University,
diameter of about 5 rim. Corvallis, OR 97331-3202, U.S.A.

G18.7 We have developed VIDSIM, a Monte Carlo simulation program for
the creation, interaction, migration and reaction of point defects in SiBEHAVIOR OF P0INT DEFECTS IN FZ AND CZ Si CRYSTALS and GaAs type lattices. This 'C'-program can do large simulations onTakao Abe , PCs at almost no cost by running continuously in the background with

Shin-Etsu Handotai, Annaka, Gunma 37901, JAPAN. multitasking software. It is available at the cost of the media to anyone
wishing to test the relationship between any particular complete set of

FZ Si crystals containing both swirls (A-defect) and D-defect. atom level assumptions and their microscopic consequences.
which are 3mm thick wafers cut vertically to the growth We have applied VIDSIMto the controversial case ofAu diffusion into
direction, are annealed in wet 0, and N. ambient, and then Si [1,2]. At this writing, we have finished the formation of 1.4 104 Au
are abserved by x - ray topograph following Cu decoration substituti nals (Aus) at 1368 K in a sample of 6.4 108 sites through ap-
using I mn thick specimens cut parallel to the growth prox.811 discrete events via the"kick-out" hypothesis with parameters
direction. A-defect formation is enhanced and D-defect region as suggested by U. Gdsele. A real sample would have melted to the Au-is reduced when FZ wafers are annealed in wet 0, at 1000C, Si eutectic before this. The result is dramatically at odds with the
whereas shrunken A-defect and enhanced D-defect are observed properties claimed by the proponents of that model re: 1) the profile
by the annealing in N, at 1000C. It is clearly demonstrated of Au interstitials, which decays exponentially and never becomes flat;

from the above results that A-defects are formed by excess 2) the variation with time of the Au concentration in the center of the
Si interstitials and D-defects by excess vacancies, sample, which is linear at all times and never becomes Vt; 3) the effect

of Aus on the outdiffusion of Si interstitias, which is only quantitative
and not qualitative; 4) the Au profile itself, which we find to be muchBy reheating of CZ grown crystal ingots in the same grown- more exponential and less U-shaped than claimed.

furnace, the ring-like OSF region is generated with steep
thermal gradient in the growth direction, whereas the Our VIDSIM simulation of the 'Frank-Turnbui" model [I] goes much
anomalously oxygen- precipitated (AOP) region is produced slower and showed an initial behavior which was at odds with both ex-with the rapid cooling from near melting temperature in periment and the claims of its proponents. As the simulation continues,
the same manner of detatching from the melt, it is showing sign of turning toward experiment and claim. In contrast

to the kick-out, it also produces a U-profile from a one-sided diffusion.
A-defect formation is attributed to steep thermal gradient [1] F. A. Huntley and A. F. W. Willoughby, J. Electrochem. Soc. 120, 414 (1973)
of the periphery of ingot, whereas D-defect to mild thermal [21A.Seeger, Phys. Stat. Sol. (a), A 61, 521 (1980)
gra.';*nt at the center of ingot. It is concluded that A- " resent address: Max-Planck-lnstitut fir Festk6rperforschung, Stuttgart, F.R.G.
defect rid ring-like OSF region are composed of excess Si
interstiti2s and D-defect and AOP region is related to G18.10

excess vacancies. Only an essential factor for point defect DIFFUSION OF POINT DEFECTS IN A STRESSED SIMPLE
formation is the thermal gradient in the growing crystals. CUBIC LATTICE. Dimitris Maroudas and Robert A. Brown,

Department of Chemical Engineenng, Massachusetts Institute ofG18.8 Technology, Cambridge, MA 02139.

AN IMPROVED MODEL FOR COMPUTER SIMULA- Systematic theoretical and computational procedures are presentedTION OF OXYGEN PRECIPITATION PHENOMENA for the analysis of point defect diffusion in the presence of anAM.Schrems, P.Pongratz, H.W.Paizl, TU-Vienna, Austria; applied potential that is superimposed onto the perfect lattice
E.Guerrero, D.Huber, Wacker Chemitronic, Burghausen, FRG. potential. The procedure starts with the formulation of a

conservation equation for the number density of point defects. TheOxygen Precipitation is of considerable importance for VLSI pro- method of moments is used to derive expressions for the diffusivitycessing (" Gettering", "Denuded Zone Formation"). A model which tensor D as a function of equilibrium ensemble averages of thehas been presented at the EMRS 1989 in Strasbourg has been fur- displacement vector of the defect. The components of D are
ther improved. The model differs from most of the other precipi- computed by a dynamic Monte Carlo simulation with the proper
tation models currently used in literature, since it describes growth introduction of the time variable.
and decay of an ensemble of oxygen precipitates statistically by a
Fokker-Planck equation. The coefficients of the Fokker-Planck equa- Results are demonstrated for a simple cubic structure characterized
tion contain the Gibbs energies of precipitates, which are modelled by a spatially periodic lattice potential in the absence ofas the sum of volume-, interfacial- and stress energy terms. Energy imperfections. For a constant applied potential the diffusivity tensor
contributions of point defects are also considered. Model parame- is isotropic. For a linear potential it is anisocropic, but homogeneousters are determined from single step annealing experiments. Then and the sizes of its components relative to the isotropic value varyexperimentally observed phenomena in multi step annealing like the significantly depending on the magnitude and the direction of the
oxygen precipitation retardation/recovery phenomenon" Ui and the potential gradient. Continuum modelling, jump rate theory and the"nucleation incubation phenomenon" 12l are studied. Our model can solution of the homogeneous problem are combined to form aquantitively account for experimentally determined interstitial oxy- constitutive model for the dependence of D on the potential gradient.gei data and precipitate densities. Furthermore a selection of tt  This model can be used for the solution of problems, such as the

complete numerical analysis of experimental data (comprising size diffusion of substitutional impurities in semiconductor crystals anddistribution of precipitates, precipitated oxygen, precipitate densi- the calculation of the concentration field of point defects in the
ties, average precipitate radius and critical precipitate radius all as vicinity of dislocations.
a function of time) will be given and discussed.

[I T.Y.Tan and C.Y.Kung, J.Appl.Phys.,Vol.59 (1986) pp.3 9 7 4

, N.Inoue et al., J.Cryst.Growth,Vol.84 (1987) pp.21
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G1S.11 low take-off angles, the signal arising from the deeper la-
yers is effectively quenched. We report the ARXPS analysis

COMPUTER CALCULATION OF DIFFUSIITY, EFFECTIVE of the implantation induced damage resulting from high-dose
ACTIVATION ENERGY AND OF ACTIVATION ENERGY Sb ion implants in (100) p-Si. Surface regions of silicon

DIMINUTION FROM MEASURED PROFILE OF IMPURITY implanted with 2 x 10 L
"
, .2 x 10s, 5.4 xIo5 and 1.4 x 106

Sb+/cm
2 

and subsequently rapidly annealed at 1100*C for OsDISTRIBUTIONS IN SILICON. D.K.An, Microeletronica Company were studied by analyzing the Si 2p, 0 Is and Sb 3ds/2 pho-

P.O.Box. 21, H-1325 BudapestHungary toelectron spectra at various take-off angles. In particu-
lar, the Si 

2
p peaks revealed two lines corresponding to the

elemental and oxidized states in all the samples. The bind-
The exact dopant profile carries all the information about diffusion ing energy shift between these two lines was % 1eV less for

process, but in order toget that information it is nessesary to have a the 2 x l01, Sb+/cm
2 

sample than for others and the Si/SiOx

consistent model to analysing the measured profiles. The aim of this ratio decreased systematically with increasing ion dose. The
0 concentration increased by nearly one order of magnitudework is to analyze the measured profiles of impurities in the between the I.2x105 and 1.4 x 10 6 Sb+/cm

2 
implanted sam-

anomalous diffusion processes on computer. The work starts with the ples. The results of RBS, SIMS and ARXPS are interpreted in

discussion about Boltzmann-Mantano method for the anomalous terms of the formation of a highly disordered surface region
for doses higher than a critical value of % i01

s 
Sb+/cm2 .

diffusion process including the kink-tail profile case. Using this These data will also be compared with the electrical charac-
method the diffusivities of the dopants were calculated,then the teristics of the N+/P diodes and MOSFET structures construc-
effective activation energies and the decrease of the activation ted on the activated implanted samples.

energies of three dopants (Boron Phosphorus, Arsenic) have been
calculated on the base of a diffusion model given by the author. The G18.14
prediffusion factors were estimated and finally expressions for the MODIFIED OPTICALLY DETECTED MAGNETIC
diffusivities of the impurities are given. Some results can be seen on RESONANCE TECHNIQUE FOR STUDIES OF DEFECTS IN

Si AND GaAs. W.M. Chen and B. Monemar, Department of
Fig. 1,2,3,4. Physics and Measurement Technology, Linkdping University,

G18. 12 S-581 83 Link6ping, SWEDEN.

DEFECTS IN DOPED SILICON EPILAYERS STUDIED Optically detected magnetic resonance (ODMR) has been
WITH VARIABLE-ENERGY POSITRONS AND MeV IONS. proven to be a powerful technique for studies of electronic
P. J. Simpson, P. J. Schultz, R.W. Hunt and structure and microscopic identification of defects in many

semiconductors. Its application to the technologicallyI.V. Mitchell, University of Western Ontario, important materials Si and GaAs as well as their related
T. E. Jackman and G.C. Aers, National Research heterostructures has been very limited so far, however. This
Council of Canada. is mainly because the ODMR spectrum is commonly

dominated by a strong background signal, which obscures
any possible detection of defect-related ODMR signals. In this

Properties of semiconductors grown by paper we shall discuss the physical mechanisms responsible
molecular beam epitaxy (MBE) are strongly for the background signal, based on hot-carrier effects in aaffected by defects. and few non-destructive microwave field. A modified technique, a multiply pulsedaffectniqe efets tODMR system, which has been proven to be very successful in
techniques exist to study these. The overcoming the difficulties of ODMR in Si and GaAs, has been
relatively new variable-energy positron beam developed in this work. A number of defects in these mate-
technique provides such a probe of near rials have been discovered and investigated by this new
surface defects and _Impurities. even at low technique. These defects could not be studied by conventional
concentrations ( ZI0 atomic concentration). ODMR technique. A few examples of such studies will be
Rutherford backscattering of light ions and demonstrated. A universal application of this technique to
nuclear reaction analysis provide other high dielectric loss materials is also emphasized. This
complementary information regarding the depth work therefore provides a breakthrough in ODMR studies ofcompemenarydefects in semiconductors.
profile of dopants and impurities.

G18.15
Silicon epilayers grown by MBE at the NationalReserchCoucil erestuled t UO uing OPTICAL PROPERTIES OF NOVEL VIBRONIC BANDS IN
Research Council were studied at UIWO using ELECTRON-IRRADIATED TIN DOPED SILICON. J.H.
both positron annihilation and ion beam Svensson, B. Monemar, Department of Physics and
techniques. Measurements were made following a Measurement Technology, Link6ping University, S-
high temperature anneal in order to examine 581 83 Link6ping, SWEDEN and B.G. Svensson,
dopant migration and defect recovery. Department of Solid State Electronics, The Royal

Institute of Technology, P.O. Box 1298, S-164 28
C' .13 Kista, SWEDEN.

.,:;GLE RESOLVED XPS ANALYSIS OF SURFACE DEFECTS IN HIGH- New vibronic bands have been investigated in 2 MeV
DQSE Sb* IMPLANTED MONOCRYSTALLINE SILICON. S.N. KUMAR, electron irradiated Czochralski grown silicon
C- CHAUSSEMY, A. LAUGIER, Laboratoire de Physique de la Ma- doped with tin. Two no-phonon lines are observed
tiere, CNRS URA 358, INSA LYON, 69621 Villeurbanne Cedex ; at 341,6 meV and 509,8 meV, each with strong
1. CHARBONNIER, Dpartement de Chimie Appliqu~e et Genie coupling to phonons. At low temperatures (T-6 K)
Chimique, CNRS URA 417, B. CANUT, Dipartement de Physique the phonon sdeband spectrum is completely
Jes Matriaux, Universit6 Claude Bernard - LYON 1, 69622 dominated by a singif vibrational mode with a
Villeurbanne Cedex, France. quantum energy of 8.6 and 8.7 meV for the two no-

phonon lines respectively. Coupling to four and
Defects in shallow surface regions, whose depths are compa- six phonon quanta are observed for the no-phonon
rable to the mean free path of photoelectrons, can be pre- lines. At higher temperatures coupling to
cisely examined by angle-resolved X-ray photoelectron spec thermally excited single vibrational modes in the
troscopy (ARXPS) wherein, by sensing the photoelectrons at gound state is observed for both no-phonon lines.
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The temperature deperdence of the absorption has and then falls rapidly with an activation energy of 56 meV

been studied between 6 and 190 K. The intensity in the 50-IOOK range,

relation between the two absorption structures is The samples implanted only with either P or B do not show

also found to be dependent on the optical the novel luminescence. We think that there is a complex

excitation of the sample. When the sample is involving both the P and B which is giving rise to the new
cooled in darkness the no-phonon peak at lowest luminescence band.
energy has a minimum in intensity. After optical
excitation the intensity increases at the expense
of the intensity of the no-phonon peak at higher G18.18

energies.These peaks have also been observed in UNIAXIAL STRESS AND ZEEMAN MEASUREME4TS ON THE

photoluminescence. The defect causing the 0.943eV LUMINESCENCE BAND IN SILICON.M.C. do Carmo,
transitions is suggested to be a complex defect Departments de Fisica, Universidade de Aveiro, 3800
involving tin as, at least, one of the Aveiro, Portugal; K.G. McGuigan and M.0. Henry,
constituents. School of Physical Sciences, Dublin City University,

Dublin 9, Ireland; G. Davies and E.C. Ughtowlers,

G18.16 Department of Physics, Kings College, Strand, London
WC2R 21S, UK.

A NEW METASTABLE DEFECT IN 
SILICON, AN OPTICAL

STUDY AND AN INVESTIGATION OF THE MECHANISM CAUSING Copper is a common contaminant in silicon crystals
THE CONFIGURATIONAL CHANGE. J_ H_ S;vengsn and B. and several copper-related luminescence bands have

Monemar, Department of Physics and Measurement been reported (1,21. In this paper we present new
Technology, Link6ping University, S-581 83 data on the 943meV band which dominates the

Link6ping, SWEDEN. luminescence of samples lightly doped with copper

and rapidly quenched from 11000 C. Uniaxial stress
Recently a new no-phonon peak was discovered in measurements on two of the zero-phonon lines in the
electron irradiated silicon (1). Optical studies of spectrum show that the luminescence transitions
this peak displayed metastable properties of the occur from T to A states at a tetrahedral centre.
defect causing the electronic transition. In this Zeeman measurements reveal some novel features which
work we present detailed information about the will be analysed and compared with corresponding
transition and the processes governing the observed data for other transition metal related luminescence
change of the configuration of the defect only bands. The physical mechanisms for the stability of
observed at temperatures below 70 K and during these defects in silicon will be inferred.
optical above band gap excitation. Experimental
results explaining the change in configuration as I. J. Weber. H. Bauch and R. Sauer, Phys.Rev. B 2j,
caused by free excitonic recombination at the 7688 (1982)
defect is presented.

2. K.G. McGuigan, M.O. Henry, E.C. Lightowlers,

A detailed temperature dependence of the no-phonon A.G. Steele and M.L.W. Thewalt

peak and the absorption structure related to it Solid State Comm. 68, 7 (1988)
from 4.2 to 70 K, where thermal quenching of the
structure starts to occur, is also presented. 618.19
Experimental results from uniaxial stress studies
of the transition from the metastable state will be STRAIN INDUCED INTRINSIC QUANTUM WELLS AS THE ORIGIN OF

discussed. BROAD BAND PHOTOLUMINESCENCE IN SILICON CONTAINING

EXTENDED DEFECTS. Helg s Weman and Bo Monemar,

(1) J. H. Svensson and B. Monemar (Accepted Phys. Department of Physics and Measurement Technology,

Rev. 2, Rapid Communications) Link~lping University, S-581 83 Linkoping, SWEDEN.

In this work we present a new recombination mechanism that
18 . 17 can occur in semiconductors containing extended defects.

NOVEL LUMINESCENCE BAND IN SILICON IMPLANTED WITH PHOSPHORUS
AND BORON. A.K. Srivastava, D.K. Sharma and K.L.Narasimhan, The model is based on experimental data both from hydrogen

Tata Institute of Fundamental Research, Homi Bhabha Road, plasma treated silicon, containing extended defects like

Bombay 400005, D. Sarkar and V. Premchandran, Indian Tele- platelets and gas bubbles, and from oxygen precipitated

phone Industries, Doorvani Nagar, Bangalore 560016, India. silicon. The photoluminescence (PL) spectra of these samples

contain broad bands, typically around 0.9 eV. with a halfwidth

There is considerable interest in the study of processing (FWHM) of as much as 100 meV.

related defects in silicon. We report the results of photo-
luminescence measurements on ion implanted silicon. The The origin of these broad PL bands we attribute to electron-

samples are implanted with P (energy 180 keV; dose 1015 hole recombination in tLe heavily damaged region

atoms/cm2 ) and B (energy 80 keV; dose 1015 atoms/cm2 ) and surrounding the extended defects, where the electrons and

annealed at 900*C for 30 min. followed by slow cooling, holes can be localized in strain induced potential wells.

Some samples implanted with only P or B were also studied. The experimental data from the plasma treated silicon [l]. are

The photoluminescence measurements were made at 10K using supported by a theoretical calculation based on the

He Ne la.er as the excitation source. A liq. N2 cooled Ge compressive strain induced bending of the conduction and

detector was used to measure the signal, valence bands around (111) and (100) platelets, resulting in a

The double implanted sample shows a very strong luminescence local bandgap reduction of as much as 0.3 eV. The model is also

line at 1.017 eV with phonon replicas at 0.998, 0.978 and consistent with the observed temperature and excitation

0.965 eV. The luminescence intensity of the no phonon (NP) intensity dependence of the broad PL bands.

1.017 eV line is nearly one order of magnitude larger than

the rO phonon line in the unimplanted sample. The tempera- This recombination mechanism is believed to occur also in

ture dependence of the NP line shows excitonic behaviour, other semiconductors since it is not related to the electrical

The intensity is nearly constant up to a temperature of 25K potentials of the defects, but is of an "intrinsic" nature.

[I] H. Weman. 3. L. LindstrOm, and G. S. Oehrlein. Proc. E.MRS

1989 Spring Meeting. Symp. B. Strasbourg. May/June 1999.
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G18.20 G18.22

A HVEM STUDY OF THE ELECTRON IRRADIATED DEFECTS IN NITRO- DEFECT-FORMATION DEPENDENCE ON GROUP V-DOPANT
GEN DOPED FZ-Si. Gao Yuzun, General Research Institute ATOMS IN ELECTRON-IRRADIATED SILICON. 0.0_
for Non-Ferrous Metals, Beijing, China; and T.Takeyama, Awadalkarlm, A. Henry, B. Monemar, Department of
HVEM Lab, Hokkaido University, Sapporo, Japan. Physics and Measurements Technology, Linkdping

University, S-581 83 Linkdping, SWEDEN and J.L.

The nitrogen doped FZ-Si single crystal has excellent Lindstrdm, Swedish Defence Research Establishment,
strength properties against thermo-mechanical deformation P.O. Box 1165, S-581 11 Link~ping, SWEDEN.
(1). Under certain conditions, nitrogen and vacancies inSi can form deep energy level defects (2). In the pre- The defect states introduced in P-, AS- and SB-

sent work, a high voltage transmission electron micro- doped silicon upon room-temperature electron-
scope (JM-10OO) has been used to investigate the elec- irradiation are studied by deep-level transient
tron irradiated defects in p-type Fn-Si and nitrogen spectroscopy (DLTS) . Evidence is provided for in-
doped FZ-Si. The concentration of nitrogen in the latter volvement of the P-atom and the vacancy in the
was 1E.15 at./cm3. The specimens were irradiated in the defect complex giving rise to the prominant
condition of 1000 kV and the dose of 0.1 dpa/min in HVEM. electron trap commonly observed at -EC-0.4 eV (EC

being the edge of the conduction band). It could
1The eeton raiatswered defects: wenot be concluded, however, whether the complex1. The electron irradiated defects were bar-like defects comprises only a phosphorus-vacancy pair, as inalong <110> directions, dislocation loops and stacking the E-centre. This electron trap together with
faults on (113) planes in the two kinds of Si. another at EC-0.30 eV, apparently phosphorus
2. When the irradiated conditions were the same, the anoter at co nfigrapa ly phoshorus
irradiated defects were easier to be produced in the FZ- related, exhibit configurationally metastable be-
Si than in nitrogen doped FZ-Si in the temperature range haviour. The configurational metastability, a
573-773 K. phenomenon observed here only in P-doped material,
3. The migration energy of vacancies in the temperature is argued to have arisen from the presence of a P
range 575-773 K was 0.34 and 0.58 eV for FZ-Si and nitro- atom in the defect complexes. Other electron traps
gen doped FZ-Si respectively. It seems to indicate that observed at EC-0.27 eV and EC-0.34 eV in As-doped
there was some interaction between vacancies and nitro- material and EC-0.51 ev in Sb-doped material are
gen atoms in the nitrogen doped FZ-Si. The results have discussed in terms of complexes involving As or
clearly proved that the nitrogen doped FZ-Si has excel- Sb. Data on the stability of the observed traps,
lent property against electron irradiation, their carrier capture cross sections, production

and annealing properties are presented.
Reference

(1) K.Sumino, et al.. J.Appl.Phys. 54(1983), 5016 G18.23
(2) N. TaJima, et ai., Jpn. Appl.Phya. 20(1981), 1425

ELECTRONIC STRUCTURE OF VACANCY-PHOSPHORUS IMPURITY
G18.21 cOMPLEXES IN SILICON. Honggi Xu, Department of

TheoretIcal Physics, University of Lund, Sweden; and U.
ID '-TIFICATION OF RADIATION-IDUCD DEF CTS IN Lindefelt, ABS Corporate Research, VsterAs, Sweden.
Si:Al. Ya.I.Latua-hko, V.V.Petrov. Lenin Byelorus-
sian State University, ffinsk, 220080, USSR The vacancy-P impurity related complex in silicon has

recently been investigated experimentally./1/ We present

Radiation defects (RD) in Si:AI have been studi- a systematic theoretical investigation of the four

ed by means of IRA and PL techniques. It is found vacancy-P , nsl, 2, 3, 4, complexes in silicon using a

that the main Al-containing RD in electron irra- self-consIstent semi-empirical tight-binding method. The
diated Si is an interstitial Al atom (Al i ) . The calculations are based on Lanczos algorithm and a

Ali-Ali pair formation takes place during annea- continued-fraction Green's function method, which is very

ling at a temperature of 225 0C. This has led to well suited for studing complex defects.
the shift of the helium-like IRA spectrum to ahigher energy region arid to the disappearance of The energy levels in the band gap for the five cases

of vacancy and vacancy-P , n-l, 2, 3, 4, show a remarkaleFL lines. The value of activation energy of Al i -  F n Y3
PL ins. hevale f ctiaton ne~'regularity. For nzl (point-ymmetry grou C I and n=2Ali pair formation is 0.95 eV which corresponds (Cgult and nll (nsyetry group und at

to the migration of Ali along hexagonal intersti- 2v an e- and b2 - level, respectively, are found atpractically the same enegy as the t vacancy gap leveltials. (Td). Furthermore, for n=2, 3 (C ) an 4 (T ) we find a
3v e

b -, e
I and t 2- level, respectlvely, all a practically

Besides thia the defect with ener' level te same position just above the top of the valence band.
:V+0. 21 eV a number of new ones with the IRA li For the intermediate cases n-l, 2 and 3 there is also an
nes in the range of 0.1-1.0 eV and the PL lines
in the range of 0.5-1.2 eV was observed in neu- a1 gap level with increasing energy.
tron-irradiated Si. Taking into account the an- We shed light on this regularity by related it to the
nealing data and the results obtained from pi- localization of the wave functions on the Si and P atoms
ezospectroscopic studies the classification of surrounding the vacancy. we also discuss the effect of
this RD has been established. The obtained re- lattice distortion and compare our results with
sults confirmed that transitions at Ali corres- experimental works.
pond to the Td symmetry center. Piezospectrosco-
pic investigations of neutron-irradiated Si have /1/ 0. 0. Awadelkarim and B. Monemar, Phys. Rev. R 38,
shown that uniaxial stress leads to the removal 10116 (1988).
of both electron and orientational degeneration
of defect energy levels. The RD under study are G18.24
found to have symmetry of at least four types:
tetrahedral; monoclinic; rhombic 1; triolinic. A SIMPLE MODEL FOR DEFECT STRUCTRESIN SILICON.
The values of piezospectroscopic tensor Compo- GiAciand and V.Vitek, Department of Materials Science and
nents lie in the interval from 0.1 to 50 meV/GPa. Engineering, University of Pennsylvania, Philadelphia, PA

We have shown that the results of theoretical, ab initio
structural stability and point defect calculations can easily be
reproduced without any angular dependent terms, using a
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simple, parameterised short-ranged, pairwise potential in which certain temperatures. Although the overall properties of these defects are
the bonding is restricted to four bonds. These two-body terms similar, energy levels corresponding to the metastable configurations and
have a clear physical interpretation in covalently bonded barriers for the conversions among them are different for pairs with each
materials and the present model provides an extremely clear group V atom. In the case of C, - Sband Ci - As. two of the configurations
picture of the cohesion. form a bistable pair with close similarity to the properties of Ci - C. pair',

suggesting a similar molecular bond switching mechanism. The shifts in
The model predicts reconstructions of the (001) and (111) the electrical level positions for the pair formation and conversion suggest

surfaces which are consistent with experimental observation. Coulomb interactions between the constituents at different lattice sepa-
Surprisingly, the model (which is biased towards fourfold co- rations as proposed for Fe - acceptor pairs7

.
ordination) sometimes prefers reconstructions to threefold 1. Song et.al. Appl. Phys. Lett. 51, 1155 (1987).
coordinated surfaces over fourfold coordination. For point 2. Asom et.al. Appl. Phys. Lett. 51, 256 (1987).
defect calculations we find that the lowest energy structure is 3. Girer et.al. B. Am. Phys. Soc. 34, 834 (1989).
often of rather low symmetry, and not the high symmetry 4. Benson et.al. Materials Science Forum 38-41, 391 (1989).
structures which are usually examined based on intuition from 5. Girer et.al. B. Am. Phys. Soc. 34, 834 (1989).
the metallic case. We also show that small clusters tend to have 6 So
a close-packed form rather than being akin to pieces of the 6. Song et.a. Phys. Rev. Lett. 60, 460 (1988).
diamond structure. 7. Chantre et.al. Phys. Rev. B 31, 7979 (1985).

Work supported by the U.S. Office of Naval Research Contract No. N00014-
While we do not expect quantitative accuracy for formation 84K-0025
energies, the reliability of the model in predicting ground state
structures, combined with its extreme simplicity, make it a G18.27
valuable guide to intuition for examining possible starting THE ROLE OF FOUR-MEMBER RING DEFECT STRUCJ.ES
configurations in more accurate total energy calculations. CONTAINING CARBON, NITROGEN, AND OXYGEN IN CRYS-
G18,25 TALLINE SILICON. Lawrence C. Snyder Rongzhi Wu, and

Peter Deak, Chemistry Department, and James W. Corbett,
NEW DLTS PEAKS ASSOCIATED WITH NEW DONORS AND ROD- Physics Department, State University of New York at
LIKE DEFECTS IN CZOCHRALSKI SILICON. Albany, 1400 Washington Avenue, Albany NY 12222.
Yoichi Kamiura, Fumio Hashimoto and Minoru Yoneta,
Faculty of Engineering, Okayama University,
Okayama 700, JAPAN. In molecular cluster calculations employing the MINDO/3
We have studied the effects of preannealing at temperatures method to describe carbon, nitrogen, and oxygen con-
450-5200 C on the new donor (NO) formation at 6500 C by a taining defects in crystalline silicon, we have found
combination of electrical measurements, deep-level transient defects containing two of these first row atoms in a four-
spectroscopy (DLTS), preferential etching and transmission member ring to be stable. The O'Si-O-Si(-O) four-member
electron microscopy (TEM). Prolonged annealing at 4500C ring is proposed to be a rapidly diffusing species. The
produced a new kind of thermal donors (NTDs) with
simultaneous annihilation of so-called thermal donors (TOs) C-Si-O-Si(-O) four-member ring is shown to be a probable
that have ektensively been studied by many investigators, structure for the Si-G15 defect. The N-Si-N-Si(-N) four-
TOs and NTDs exhibited qualitatively the same kinetic member ring is shown to exhibit an infrared spectrum
behavior, but NTDs had smaller generation rates and higher very close to that observed for nitrogen "dimer" in silicon.
thermal stability. In such long-preannealed samples, the
ND formation was greatly enhanced, and two new DLTS peaks G18.28
arising from shallow donor levels always appeared in closely
correlation with the enhanced ND formation. They were MOLECULAR DYNAMICS STUDIES OF DISLOCATION CORES IN SI.
also correlated with the formation of <110> elongated rod- M.S. Duesbery, D.J. Michel, Naval Research Laboratory,
like defects (RLDs) and associated dislocation dipoles both Washington D.C. 20375; and B. Joos, Ottawa-Carletonlikedefcts RL~) ad asociteddislcaton ipols, oth Institute for Physics, Ottawa, Ontario, Canada KIN 984.
of which were observed by TEM and also were revealed as

triangular etch pits by the Wright etching. For not
preannealed samples, we have never observed such DLTS The structure and mobility of dislocation cores in a
peaks. RLDs and etch pits even after extended annealing at Stillinger-Weber' Si model are examined at an atomistic
6500C. Instead, we observed only weak continuous OLTS level using molecular dynamics. Straight and double-kinked
spectra often reported previously and silicon oxide 300 and 900 partial dislocation glide dipoles are modelled
precipitates revealed as black spots by TEM. We tentatively in a strain-free environment: reconstruction and anti -phase
attribute these new DdTS peaks to small oxygen precipitates are found to be present for 300 partial

dislocations. The effects of applied shear strains and ofnucleated at NTDs, and continuous DLTS spectra to those temperatures up to the melting point are considered also.
formed by homogeneous nucleation.

I. F.H. Stillinger and T.A. Weber, Phys. Rev M, 5262
G18.26 (1985).

MULTICONFIGURATIONAL CARBON-GROUP V PAIR DEFECTS G18.29
IN SILICON. E. Carer and B. W. Benson, Lehigh university, Bethlehem PA
18015. HYDROGEN INDUCED DEFECTS AT SILICON EPITAXIAL

SURFACES AND BURIED MISFIT DISLOCATIONS, ian-Oun
Three different multiconfigurational defects were observed in carbon rich, Zhou. Zbigniew 3. Radzimski, Zhigang Xiao, George A.
electron irradiated silicon, doped with the three group V elements, phoepho. Rozgonyi, Dept. of Materials Science and Engineering,
rus'

-, antimony4 and arsenic. They appear in DLTS and TSCAP spectra North Carolina State University, Raleigh , NC 27695-7916
after the anneal of interstitial carbon at 350K. We identify them as intersti-
tial carbon - subetitutional group V pairs. Each of these defects has a
stable configuration with an energy level near 0.4eV below conduction band A novel silicon epitaxial structure containing
and converts to other configurations upon injection of minority carriers at spatially confined arrays of misfit dislocations has been
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fabricated in order to investigate the interaction between thick field oxide layer, under which boron ions
hydrogen and individual extended defects. The effect of are heavily implanted to make a channel stopper.

hydrogenation using different plasma implantation doses When a junction leakage current is large. the
was studied using secondary ion mass spectroscope induced photovoltage should decrease because of

reduction in the junction impedance. However, it(SIMS), transmission electron microscope (TEM) and is found that photovoltages become high when leaky
scanning electron microscope in electron beam induced junctions are irradiated by the chopped PB. The
current mode (EBIC/SEM). SIMS was used to determine photovoltages for the leaky junctions are higher
the hydrogen profile, TEM to reveal hydrogen induced than those for normal junctions not only in the

junction areas but also in the field oxide regions
defects and surface radiation damage due to the high around the junctions. This indicates that dense
dose hydrogen plasma process, while EBIC/SEM provided positively charged traps exist at the interface
imaging of the electrical activities of individual defects, between the boron-doped Si substrate and -the field

oxide layer around the leaky junction, and thatFor the sample treated with a high dose plasma, SIMS the traps cause the increase in both the junction
indicates that hydrogen is concentrated in the near leakage current and the photovoltage.
surface region to a depth of 2500 A, where TEM
micrographs show that the sample is heavily damaged. G18.32

An unusual EBIC/SEM contrast effect was obtained due to RIBBON-LIKE DEFECTS IN HIGH-DOSE OXYGEN IMPLANTED
the existence of a surface inversion layer following high SILICON-ON-INSULATOR MATERIAL. S..Xisiaimatgak,'I , J. Bar3,2-, and
dose hydrogenation. The buried misfit dislocations are S. Krause. IDept. Chemical. Bio and Material Engineering, Arizona State University,

decorated with hydrogen-induced defect or hydrogen Tempe. AZ.; 2enter for Solid State Science. ArizonaStateUniversity. Tempe, AZ.

stabilized defects. High-dose oxygen implantation in silicon, SIMOX (Separation by implantation of
2z&ygen), is a leading technique for producing silicon-on-insulator material. The

G18. implantation generates defects not only in the top Si layer, but also in the Si substratebeneath the buried oxide layer. A prominent defect found in the substrate is of a ribbon-
TEM INVESTIGATION OF SECONDARY DISLOCATIONS IN GRAIN like configuration. Although commonly observed. it has not yet been investigated in
BOUNDARIES IN GERMANIUM. M. Griess, M. Seibt, IV. detail. We report here high resolution electron microscopy observations that lead to a
Physikalisches Institut, University of G6ttingen, 3400 Gbttingen, FRG; strucural identification of these ribbon-like defects.

H.J. M611er. Department of Materials Science and Engineering, Case The Si (100) wafers were implanted by a recently developed high-current (40 mA)
Western Reserve University. Cleveland, OH 44106; implanter, at 575*C, at 180 keV to the dose of 2 x 1018 cm"2 . They were examined from

cross-section samples using a Philips 400T at 120 keV and a JEOL 200CX at 200 keVTransition metal and other impurities can be gettered by grain boundaries in for high resolution images. Numerous ribbon-like defects were observed in the Si
semiconductors and alter their electrical properties. Recent studies of the substrate, of a density of 1011 cm-

2 
and a length varying in between 10 to 40 rnm.

segregation process indicate that the distribution of precipitated impurities is
rather inhomogeneous and facilitated by dislocations and other structural The ribbon-like defects in bulk Si were assigned to layers of interstitial atoms
features in the grain boundaries. incorporated in between (1131 or (1151 habit planes. In a thin precipitate layer. the

intertsitials are disordered. However, for a sufficient thickness the intersitials may order
The objective of the present investigation is the characterization of grain into a crystalline configuration previously assumed to be hexagonal. Our observations in
boundary dislocations to get more insight in the structural features of SIMOX show that two crystalline phases are present in the defect. The interstitials may
arbitrary grain boundaries and their gettering properties. For this purpose either preserve the cubic diamond structure, or they may induce local phase transformationa ginto hexagonal silicon. The observations presented, supported by an image simulation.
near-coincidence [011] - tilt grain bound: -ies in germanium have been acually identify the presence of both crystalline structures from ditTerences in contast as
grown by the two seed Czochralski technique at misorientation angles of well as periodicity of the images. In cubic regions, the (Ill) lattice fringes of the defect
about 400. A number of dissociated grain boundaries were observed with appear uniformly. The transformation occurs through the twin operation across 115)
angular deviations to the coincidence orientations 1 3, 2 9, Z 19, and Z 27 planes which intersect [ I I lI planes at 75. Even if the cubic structure is slightly tilted.
below about 30. The secondary dislocations in some of the grain boundaries the cross (t I ) lattice fringes will appear evenly in one direction. In distinct contrast, in
were studied by conventional and high resolution TEM. The combination of the hexagonal smcture a slight tilt by as little as 0.70 from the exact <0 I 1> axis will
both methods allowed to determine the Burger's vectors of some of the stro gly excite the kinematically forbidden spot of (OOI)h. The basal plane now produces
dislocations and to relate them to corresponding DSC lattice vectors. The double-periodicity images along the c-axis of the hexagonal phase. The atomic structure
main results are that non - primitive Burger's vectors are observed and that model of the interface in both regions will also be discussed.
they do not always belong to the DSC lattice of the nearest coincidence * Present address:. University of Queensland, Electron Microscope Centre. St. Lucia,
orientation. Furthermore the result is discussed in comparison with earlier Brisbtae, Queensland 4067. Australia.
observations of a E 27 grain boundary, which indicate that the dislocation
type and structure changes with the misorientation angle. G18.33
G18 .31 THE ENHANCEMENT OF THE INTERDIFFUSION.IN Si/Ge AMORPHOUS

MULTILAYERS BY ADDITIONS OF Au AND B. Park, F. Spaepen,
AC PHOTOVOLTAIC INSPECTION OF P-N JU' IONS HAVING Division of Applied Sciences, Harvard University, Cambridge,
HiGH LEAKAGE CUR.RENT. N. Honma. ,himizu. C. MA 02138; J.M. Poate, D.C. Jacobson, AT&T Bell Laboratories,
M.unakata Centaral Research Laboratory. Hitachi 600 Mountain Avenue, Murray Hill, NJ 07974.
Ltd.. K-)kubunji. Tokyo 185 and M. Ogasawara. Device
Development Center. Hitachi Ltd.. Oume. Tokyo 198 Amorphous Si/amorphous Ge artificial multilayers were

prepared by ion beam sputtering. Boron or gold impurities
junction leakage is one of the most severe were introduced into the Si-Ge multilayers by ion
yield-limiting mechanisms in the fabrication of implantation or during the sputter deposition. Diffusion
VLSI circuits. A technique for imaging the coefficients were determined by measuring the decrease in
distribution of ac photovoltages induced by the intensity of the first order X-ray diffraction peak
irradiation with a chopped photon beam (PB) in a resulting from the composition modulation.
Si wafer has been applied to the nondestructive
inspection of junction leakage. A cathode ray it was found that the interdiffusion of Si and Go in their
tube (CRT) or a He-No laser is utilized to amorphous phase can be enhanced by doping with Au or B. The
generate photovoltages in junctions. Ac enhancement factor in these experiments is independent of
photovoltages are measured capacitively through a the degree of structural relaxation of the amorphous phase,
25 Am air gap between the wafer surface and the as observed by the decrease of the diffusivity with time,
transpare.t electrode. Junctions are formed on a
p-type Si wafer with a resistivity of 0. 1 2m. which can be explained by trapping of electrons or holes,
Arsenic ions are implanted to form n-type surface
layers. The junctions are surrounded by a 500 nm-
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introduced by the dopants, by pre-existing neutral dangling G18.36
bonds (structural defects). POSITRON ANNIHILATION IN DIAMONDS.

U. Kaffunkel, M.C. Stemmet, S.11. Connell, J.P.F. Sellschop,
University of the Witwatersrand, P 0 Wits 2050,
Johannesburg, South Africa; and M. Moussavi-Madani,

Work at Harvard has been supported by the National Science Department of Physics, University of Bophuthatswana,
Foundation through the Materials Research Laboratory, under Mafikeng, Bophuthatswana.
contract number DMR-86-14003.

Positron annihilation using Doppler broadening was applied toG18.34 natural and artificial diamonds. The line-shape parameter F
was determined as function of the annealing temperatureSTRUCTURAL TRANSITIONS IN TITANIUM/ between room temperature and 700oC. While certain of the

AMORPHOUS-SILICON MULTILAYER THIN FILMS measured overall characteristics of F vs. temperature such as
L.A. Clevenger t , E. Ma and C.V. Thompson, Department of easrevall rate f s. atureou 5 s
Materials S.cience and Engineering, Massachusetts Institute of the prevacancy region and the fast rising at about 00 to
Technology, Cambridge, MA 02139, R.R. deAvillez, 6000C are qualitatively similar for the various types of
Departamento de Ciencia dos Materiais e Metalurgia, Pontificia diamond, other properties depend in a very specific way on the
Universidade Catolica, 22452-Rio de Janeriro, RJ-Brazil and K.N type of diamond probed. Thus in natural type Ila diamond
Tu, I.B.M T.J. Watson Research Center, Yorktown Heights NY, (which is known to be relatively pure) the method shows with
10598 extreme sensitivity some details depending on the diffusion of

interstitials in the diamond and their interaction with
The formation and growth of both amorphous-titanium- vacancies, and at some higher temperature the migration ofsicide ndcrystinnd C rtii in bti uamorphous-ilicn vacancies and the rapid formation of vacancy based centres bysilicide and crystalline C49-TiSi 2 in titan ium/a morphous-silicon solid state reactions. On the other hand, some of these finermultilayer thin films and structural transitions that occur in these

phases upon heating was investigated using a combination of details are missing in tie artificial diamond, while other novel
differential scanning calorimetry, thin film X-ray diffraction, structural characteristics are found, which are interpreted as
Auger depth profiling, and cross-sectional transmission and being due to the submicroscopic metal inclusions that are
scanning transmission electron microscopy. The multilayer films present in the artificial diamond. It is suggested to utilise
had atomic concentration ratios of either I Ti atom to 2 Si atoms, these type of novel phenomena for the probing of similar
I Ti atom to I Si or 2 Ti atoms to I Si atom and modulation composite systems.
periods ranging from 10 to 100 nm. In the as-deposited condition,
a thin amorphous-titanium-silicide layer was found to exist G18.37
between the titanium and silicon layers. Heating the muttilayer STRUCTURAL AND ELECTRONIC PROPERTIES OF SUBSTITUTIONAL
film caused the amorphous-silicide to grow by an exothermic DEFECTS IN DIAMOND. Koblar A. Jackson0 and Mark R.
reaction at low temperatures and to undergo an endothermic Pederson, Complex Systems Theory Branch, Naval Research
structural relaxation at high temperatures which was related to a Laboratory, Washington D.C. 20375-5000, and Joseph 0.
densification and'or compositional homogenization in the Harrison, University of Alabama-Birmingham, Birmingham,
amorphous phase. Heating to temperatures over approximately Alabama 35294.
,R00 K caused C49-TiSi, to form at the amorphous-titanium-
silicidc amorphous-silicon'intcrface with an activation energy of We have performed first-principles quantum mechanical
3.1 z0.1 eV. The temperatures for the completion of the growth of calculations to determine the structural and electronic
the amorphous-titanium-silicide, cndothermic structural relaxation properties of the nitrogen and phosphorous
in the amorphous-titanium-silicide and for the formation of C49- substitutional impurities in diamond. The calculations
TiSi-) were found to decrease with decreasing modulation period. re performed within a local basis framework, using the
ThiCwas interpreted to be due to the shorter diffusion distances in a l ensit ia (LDA). We study impurity,maller modulation period ilms. Local Density Approximation ( D ) e s u y i p r t

properties by performing parallel calculations on

I Pre nt address: I.B.M. T.J. Watson Research Center, hydrogen terminated finite clusters of carbon atoms,
Yorktown Hcights. NY 105(9 replacing the central carbon atom with an impurity atom

in the defect clusters. We find defect-related deep
levels in the host gap in both the nitrogen and

G18.35 phosphorous impurity systems, at 0.82 and 1.16eV below
INTERFACIAL REACTION BETWEEN Ni/Ge BILAYER AND the conduction band, respectively. From total energySILICON (i00) SUBSTRATE. JIAN LI, Q.Z.Hong AND studies on C5 H1 2 -based clusters, we find the on-site

J.W.MAYER, Department of Materials Science and diamond lattice position to be stable for both the
Engineering, Cornell University, Ithaca, NY nitrogen and phosphorous impurities in the ground state;
11853. USA. evidence from these calculations suggests, however, that

low-lying excited states have a stable off-center
The sequential formation and dissociation of position. We will discuss the question of lattice
intetmetallic compounds in the Ni/Ge/Si(100) relaxation in these systems, and the effect relaxation
system have been studied by using Rutherford has on impurity properties, and address the cluster-size
backscattering spectroscopy, Auger depth dependence of our results.
profiling,and X-ray diffraction. Layer structures
of NiGe/NiSi/Si(100) were formed after thermal Supported in part by SDIO/IST contract N00014-89-WX-
annealing at 3501C. upon annealing from 350*C to 2C023.
:25C, the NiGe phase dissociated, providing more *NRC-NRL Research Associate
free Ni atoms for the further growth of NiSi
phase at the nickel germanide/Si(lO0 interface. G18.38
Tho tiSi phase grows with a (time)1/2 dependence
and with an activaticn energy of 2.1 eV, The SURFACE A1ND ULK PROPEbTIES WHICH INFLUENCE ION-BEAM
dissociation of NiGe led to an extensive HYDROGENATION OF SILICON.* Robert A. Anderson and Carleton
iedistribution of Ge and Ni with a configuration H. Seager, Sandia National Laboratories, Albuquerque, NM.

of Ge 5,Ni, 7 Si,,/NiSi/Si(l00) and this layer
structure remained stable until 680o . After We are studying hydrogen motion and bonding in silicon by
annealing at temperatures between 680-C and means of rapid I Khz capacitance-voltege profiling of
720'C, homogenization of Ge in the film occurred. Schottky barriers. Our results display the time evolution
Further phase identification is in progress to of dopant passivetion when low-energy H ions are implanted
clarify whether high temperature annealing can directly into the &Llicon through the frone-electrode
induce a ternary phase or a mixture of NiSi and metallizarion. Theme data are compared with numerical
5i-Ge solid solutions in this system. transport simulations in order to determine the charge

state, diffusivity, and trapping parameters appropriate to
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the hydrogenation process in p and n-type material. The The W coated sample yielded similar results to those with dielectric films in
analysis is complicated by the dual importance of boundary that acceptors in p-InP were passivated to a similar depth for the same plasma
conditions which establish the surface hydrogen exposure. The 100 A Ti film, however, did not allow the D to diffuse into the
concentration and bulk processes which deplete the hydrogen InP substrate. It is surmised that the Ti film trapped the D, thus preventing
as it moves through the lattice. We assume that the metal- diffusion into the substrate.
silicon interface is a perfect sink for hydrogen which
diffuses back to the surface from the H-implantacion depth.
Accordingly, a nearly time independent concentration is G18.42

established within a second at the implantation range, which INTERDIFFUSION MEASUREMENTS IN SiGe/Si
supplies hydrogen to the bulk. Our data indicate that some STRAINED LAYER SUPERLATTICES. S.M. Prokes, M.
of the mobile hydrogen is in a positively charged state. Fatemi, U.S. Naval Research Laboratory,
The application of a bias voltage therefore influences not Washington D.C., 20375; and K. Wang,
only the transport of hydrogen within the lattice, but also University of California, Los Angeles, CA
the fraction of implanted hydrogen which escapes to the 90024.
surface. Furthermore, the data suggest that other trapping
events, in addition to reactions with unpassivated shallow
donor or acceptor levels, must be considered in the Interdiffusion meAsurements in Si 1 .xGe/Si
analysis. strained-layer systems have been obtained from

X-ray diffraction measurements. Mixing of the
*This work was performed at Sandia National Laboratories, superlattices has been monitored using X-ray
supported by the U. S. Department of Energy under Contract powder diffractometry, double crystal X-ray
No. DE-AC04-76DP00789. diffraction, and XTEM, when applicable. In

the powder diffractometer method, both "small-
G18.39 angle" and "high-angle" superlattice peaks

were monitored allowing comparisons of thermal
ELECTRONIC AND VIBRATIONAL PROPERTIES OF GROUP V mixing in the near-surface layers versus
DONOR-HYDROGEN COMPLEXES IN CRYSTALLINE SILICON. mixing of the complete superlattice.
L.V.C. Assali, E.C.F. da Silva, and J.R. Leite . Measurements have been made at annealing
Instituto de Fisica da Universidade de Sao Paulc temperatures as low as 550"C, and noticeable
CP 20516, 01498 Sao Paulo, SP, Brazil. differences in the X-ray spectra have been

seen. Results indicate that these changes do
The fact that H can passivate the electrical ac- not stem from dislocation formation or
tivity of p-type and n-type Si has attracted a propagation, and they must be considered when
great deal of attention in the last years. Con- interpreting diffusion data.
trary to the passivation of group III acceptors,
which has been studied extensively, the passiv- G18.43
ation of group V donors is not very well inves-
tigated. It seems to be currently accepted that ELECTRONIC STRUCTURE OF AN ISOELECTRONIC
the passivation effects are consequence of pair CENTER IN SULPHUR-DOPED SILICON STUDIED BY
formations where the H atom is attached to one of OPTICAL DETECTION OF MAGNETIC RESONANCE.WM
the donor's Si nearest neighbors in an antibond-
ing position along the (Ill) axis. Although this Cle, A. Henry, B. Monemar, Department of Physics and

microscopic structure has been confirmed for the Measurement Technology, Linkdping University, S-581 83

P-H complex in Si by the application of an ab Linkoping, Sweden; and M.L.W. Thewalt, Department of

initio pseudopotential method, the calculated H- Physics, Simon Fraser University, Burnaby, B.C., Canada
stretch vibrational frequency, 400cm

- 1 , is in V5A 1S6.
clear contrast with the measured value, 1555.2cm-1

We report an investigation on the electronic structure of an
In this work the electronic structure and the vi- isoelectronic center in S-doped Si, by optical detection of
brational properties of the group V donor-H pair magnetic resonance (ODMR). A spin-triplet (S=I) has been
complexes in Si are investigated. The calculations identified to be the lowest electronic excited state of the defect.
discussed here for the pair electronic states giving rise to deep phot01um-neacence (PL) emission& (SAat
were carried out within the framework of the mul-
tiple-scattering Xa molecular cluster model . The 968.24 meV and SB at 811.96 meV) [1] when it decays to the

Green's-function technique and a valence- force diamagnetic (S=0) crystal ground state. This is in full
field Hamiltonian have been adopted to obtain the agreement with recent Zeeman measurements [2). A small
vibrational energies of the pairs. zero-field splitting of the spin-triplet as well as a weak

anisotropy of the magnetic interaction of the defect (not pos-

GlB .40 ABSTRACT NOT AVAILABLE sible to resolve in Zeeman data) has been revealed, which
leads directly to the determination of the symmetry for the

G18.41 defect. A S-related complex model is suggested as the identity
of the defect. A critical test of two possible metastable con-

SURFACE PROTECTION DURING PLASMA HYDROGENATION FOR figurations of the constituents of a single defect is
ACCETOR PASSIVATION IN In?. a. . W. C. Daumont-Smith, undertaken. This work provides the first case where ODMR of
S. I. Pearton. . W. LHe. N. T. anHa. and H. S. Lutlnan. AT&T Bell electronic state can be observed directly from its radiative
Laboratories. Murray Hill. NJ 07974. transitions in Si.

Various dielectrc and metallic films were examined as H-permeable surface (1] M.L.W. Thewalt, M. Nissen, D.J.S. Beckett and S.

protection layers on InP substrates during H2 or D 2 plasma exposure for Charbonneau, in Proc. the 3rd Int. Conf. on Shallow

pasivtin f ccptrs n heIn. lamadepsiedSU,,Si2,an a-Si Impurities in Semiconductors. Ed. by B. Monemnar (Inst. ofpassivataon of acept or in th lnP. Plasma deposited SaN5 , Sa0 2 ,.n aS Phys. Cant. Series Vol. 95, Bristol, 1989) p. 505.

films ranging in thickness from 85 to 225 A were used to protect p-InP during [2] . Sngh e .C .L ,gh tol , 1nd . 505.

D 2 plasma exposure at 250C. Optimum protective layer thicknesses were (2] M. Singh, E.C. Lightowlers and G. Davies, Proc. E-MRS

determined by a trade-off between the effectiveness of the layer to prevent P 1989 Spring Meeting, May 30-June 2, Strasbourg, France.

loss from the wafer surface and the ability to diffuse atomic H or D at a rate
greater than or equal to that in the underlying InP. SIMS and capacitance-
voltage depth profiling were used to determine the extent of D in-diffusion and
acceptor passivatlon respectively. Sputter deposited W and e-beam evaporated
Ti films -100 A thick were also evaluated as surface protection layers for InP.
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G18. 44 section. Minority carrier diffusion lengths in this

AN ELECTRON PARAMAGNETIC RESONANCE INVESTIGATION OF material are degraded to 10-20 microns both as a result of
the thermal treatment accompanying the stress application

IRON-INDIUMPAIRSINSILICON. W. Gehlhoff, Academy of Sciences of and by the dislocations. Differences in the degradation
the GDR, Centre for Scientific Instruments, Rudower Chaussee 6, Berlin are not observed as a function of the oxygen content of

the silicon. Hydrogen passivation for 2 minutes at 400 C
1199, GDR;andP. Emanuelsson P. OnlingandH. G. Grimneiss, Department produces an increase in the diffusion length of 5-10

microns that is small compared to that observed in silicon
of Solid State Physics, University of Lund, Box 118, S-221 00 Lund, Sweden. grown by the Edge-defined Film-fed Growth (EFG) technique

(1) with comparable levels of dislocations and pre-
passivation diffusion lengths. However, the penetration

Silicon crystals co-doped with iron and indium were investigated by depth of the passivation front through the wafer thickness

Electron Paramagnetic Resonance (EPR). Three different EPR signals is not observed to be dependent on the dislocation density
and the passivation appears to extend through the entire

originating from iron-indium pairs, two with orthorhombic symmetry and wafer thickness of 400 microns in all cases. This is very

one with trigonal symmetry, were found. The chemical identity of the different from the case of the EFG material, for which the
penetration depth in highly dislocated regions is of the

EPR-centres were determnned from the hyperfine splitting caused by 1131n, order of 100-150 microns under comparable passivation

1151n and, in isotope doped samples, by "
7Fe. The trigonal) and one of the temperatures and times. A model for hydrogen diffusion and

trapping is applied to the study of the differences
orthorhombic2) signals are reported before. This"old"orthorhombicsignal observed between these materials, and the model results
shows to be, in contrary to what was originally concluded2),an excited state are used to argue that these differences are not produced

by hydrogen transport effects in the bulk.

and the new orthorhombic signal is found to be the corresponding ground

state. The three spectra will be analyzed in detail and the effective 1C. Dub6 & J. Hanoka, Appl. Phys. Lett. 45, 1135 (1984).

g-values will be explained using crystal field theory. Finally, the G18.47

zero-field splitting between the two orthorhombic states will be estimated ENHANCEMENT OF OXYGEN PRECIPITATION IN QUENCHED CZOCHRALSKI

from the temperature dependence of the two signals. SILICON CRYSTALS. A. Hara, T. Fukuda, I. Hirai and
A. Ohsawa, Fujitsu Laboratories Ltd., Kamikodanaka,
Nakahara -ku, Kawasaki 211, Japan.

1) P. Omling, P. Emanuelsson, W. Gehlhoff and H. G. Grimmeiss, Solid
We found that oxygen precipitation of CZ-Si crystals can

State Communications ZQ (1989). be enhanced by rapid cooling from solution annealing
2) G. W. Ludwig and H. H. Woodbury, Solid State Physics _1 223 (1962). temperature (>1200 0 C). Quenching (1700°C/min) from 12900 C

increases oxygen precipitation at 700°C/360h to about

G18.45 5 times that of slow cooling (8 0 C/min). The enhancement
effects of quenched-silicon disappeared by solution

THE VERY EARLY STAGES OF INITIAL annealing and followed slow cooling. We found that oxygen
OXIDATION OF SILICON (111) IN ATOMIC OXYGEN*, precipitation of the quenched sample is not influenced
BPola N. De, Jane E. Peterkin, Jane Hruska, Yong by preannealing at temperatures below 9000 C, and decrease
Zhao, N.J. lanno and John A. Woollam, Center for at temperatures above 900 0 C. Preannealing is carried out
icroelectronics and Optical Materials Research, before precipitation annealing at 700°C/20h + 1000°C/10h.

and The Department of Electrical Engineering,
U. of Nebraska, Lincoln, NE 68588-0511 Quenching from high temperatures introduces defects,

which increase oxygen precipitation and disappear by
solution annealing and followed slow cooling. We estimate

According to the recently proposed model that the defects could be aggregation of intrinsic point
of Muraly and Murarka (1986), the very early defects because the aggregation may enhance oxygen
stages of initial oxidation of silicon involves precipitation and is stable to above 900 0C. The defects
the diffusion of oxygen through a very thin are not vacancies, self-interstitials or simple complexes
barrier of silicon oxide into a volume of silicon such as A-centers and divacancies, because they are not
near the oxide-silicon interface when the stable to 9000 C. The defects are neither impurities such as
oxidation is relatively faster than at the later metal impurities and carbon nor small oxygen precipitate
stages (when the oxidation is confined only at the so called embryos, because fewer impurities and embryos are
interface and hence much slower). Using monolayer introduced by quenching than by slow cooling.
sensitive Variable Angle Spectroscopic
Ellipsometry (VASE), we have examined the validity The oxygen precipitation was able to be controlled
of this model for early oxidation by "ashing" according to initial oxygen concentration by introducing
Si(lll) in atomic oxygen in a pure oxygen plasma the quenching process before precipitation annealing. Thus
asher. The data shows that the initial oxide we can overcome the problem of thermal history in the
growth on Si can be divided into two linear intrinsic gettering.
regions and at later stages it becomes parabolic
as a function of time. These results are in
agreement with the predictions of the theory. G18.48

*Research supported by NASA Grant NAG-3-95. DIVACANCY TRANSFORMATIONS IN ELECTRON-IRRADIATED
SILICON. J.H. Robison* and A.E. Jaworowski,

G18.46 Physics Department, Wright State University,
Dayton, OH; *Present address: Anser, Division

HYDROGEN PASSIVATION STUDIES IN DISLOCATED CZ AND FZ SDTD, 1215 Jefferson Davis Highway, Arlington,
SILICON C. Dube. J.P. Kalejs and S. Rajendran Mobil VA.
Solar Energy Corporation, 4 Suburban Park Drive,
Billerica, MA 01821 Real-time electric field drift measurements,
Hydrogen passivation using a Kaufmann ion source has been capacitance-voltage profiling and deep-level

Hydogn asivtin sig Kufan in oucetransient spectroscopy have been used to
carried out on Cz and Fz silicon dislocated by four point obse nterpctroscof hdrogen ith d c

bending in the temperature range from 800-1000 C. The observe interactions of hydrogen with divacancy

lifetime improvement after passivation is examined as i

function of dislocation density up to about lxl0 7/cm We found that in the presence of mobile hydrogen
using the EBIC technique applied to the sample cross the divacancy existed in two distinct states,
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H1 and H which occurred near the temperature G18.51
where priviously the divacancy was observed. HYDROGEN DIFFUSION AND COMPLEX FORMATION IN SILICON. J.T.
The correlation between the "free" hydrogen Borenstein, Mobil Solar Energy Corporation, 4 Suburban Park
concentration and the H and H levels has Drive, Billerica, MA 01821; D. Tulchinski and J.. Corbett,
been examined in the reverse Oias annealed Physics Department, SUNY at Albany, Albany, NY 12222.
samples. The production of H1 level is favored
at depth which have a higher concentration The kinetics of hydrogen diffusion and complex formation in
of hydrogen. The sum of the two concentrations crystalline silicon are investigated using a model previously
remaining constant throughout the sample, developed to explain the influence of dopant type and
supreainin consupt thu t the sample, concentration on observed deuterium profiles in silicon. The
supor s thfe ssuton that te He and1 2  predictions of the model are shown to be in close agreement
are different states of the same defect, namely with reg ent SIMS profiles of deuterated FZ-Si crystals. The
the divacancy. in-diffusion process is dominated by trapping at impurity

sites and by the formation of immobile hydrogen molecules.
Charge state effects are shown to control the kinetics of

G18.49 hydrogen-acceptor and hydrogen-donor deactivated complexes.

DETERNZNATION OF 3-DXEMSZOMAL DEFECT
STRUCTURES IN CALLIUN AX399EDI EPILAY¥SM ON Previous studies have treated the surface concentration of

SILICON UZNO -WHITE BEAM 3YNCNROTRON RADIATION hydrogen and the capture radii of hydrogen at complexes as
OO# O-TWY' A'N free kinetic parameters. We present an analytic relationship

TOP0aA.PHY IN- 30TH- TII 33101 betveen the diffusion coefficient 0 of neutral hydrogen and
)1&ZINO BRAGG LAUE CEONCTlY. H. D Uley, I . Wu both the hydrogen surface concentration and the capture radius
and O.-D. Te, Dept. of Haterials Scien. and fo-r molecule formation. The consequences of fixing D at the
Engineer ing, 3UNY my Stony Brook, Stony Brook known high-temperature value for the diffusion coefficient in
NY; H.-Y. LIu and Y.C. KO, MatePials 0il neue the model are determined. The existence of this analytic
Laboratory, Texas Instruments, Dallas, TX, relation reduces the number of free parameters in the kinetic

model and leads to an improved understanding of hydrogen

White bem synobrotron topography in bOth reactions in silicon.

transmisslon and grating Brags-Laue geometriesG
has been used to reveal the 3-diaenatOtal G19.1
deteut strueture in. Nbg. grown GaAs epilyers On ELECTRON SCATTERING BY NATIVE DEFECTS INI. Tn the grezing Dragi- lU@ese, flipUlaiviel
3t gmnm.rY en bled dep n" "pretgtLg" e t dms.,t.uL UNIFORMLY- AND MODULATION-DOPED SEMICONDUCTOR

structures to both eptlIyer and SubAtrate. STRUCTURES. WW i , Center for Advanced Materials,

Defects observed Include substrate threading Materials and Chemical Sciences Division, Lawrence Berkeley

dislocations, Intertacial dislooctions and Laboratory, 1 Cyclotron Rd., Berkeley, CA94720

epiIayer plnar dCtoct3 .Disl@ tIorfr 1"l'ris
direotion and Burgers vector analysis we$ The effect of chargednativedefectsonelectro

n mobilityofa3-D

performed. Clear continuity between substrate electron gas in uniformly doped (UD) thin layers and a 2-D

threading c ,loestl1f, an nd Interfaetol electron gas in modulation doped heterostructures (MDH) is

dislocations wea ,-,l ioha.d.,,0v.Crsl'l st'eot,, calculated. The concentrations of native defects are found using

structurel w.re then correlated with prooessinS the recently proposed model of amphoteric native defects. 1

conditLons. According to the model, the single most important parameter
controlling the defect formation is the location of the Fermi level

This tehNtIque afford& a rapid and non- measured with respect to an internal energy reference, Fermi
destructive way of quentitattvolY oharecteri:ln levelstabilizationenergy(EFS). We find that in the case of UD n-
processing induced demage l Suol $Ystllms. type GaAs, the electron concentration saturates at high doping

Asa a r;h F u vd- - iw rt 'r- a - F-i - we '. r levels. The saturation results from increased formation of

oeneract I DM " 050 8' ond performe on compensating native acceptors. These acceptors act as efficient

beeline X-19C 1t the USLS wnri'4"bb 1 funded bY electron scattering centers leading to an abrupt decrease of

DOE under contract 0 DE-V02A.-tEuV09.1. electron mobility for dopinr '"vels exceeding 1019 cm- 3 . Based
on the same model of deidct formation, we can also explain

G18 .50 differences between electron mobility in "normal" and "inverted*
MDHs. In inverted MDH, the undoped GaAs quantum well is

DUFFUSION OF Au IN AHORPHOUS Si MEASURED BY THE COMPOSITION grown in the presence of free electrons which facilitate the
MODULATION TECHNIQUE. F- Nygren a), B. Park and F. Spaepen, formation of native defects. Scattering by those defects reduces
Division of Applied Sciences, Harvard University, Cambridge, the 2-D electron mobility. In normal MDH, the undoped GaAs
.MA 02138 layer is grown prior to n-type doped AIGaAs, therefore no

electrons are present in the quantum well during the growth. As
a consequence, the concentration of native defects is muchCompositionally modulated amorphous Si/amorphous Si(0.7 at. lower and electron mobilities much higher than in the inverted

% Au) multilayers with a repeat length of 46A have been MDr
fabricated by ion bean sputtering system. The change, with

annealing time, in the intensity of the first X-ray Work supported by US DOE under Contract No. DE-AC03-76SF00098.

diffraction peak resulting from the composition modulation [1] W. Walukiewicz, Appl. Phys. Lett. 54, 2099 (1989).
is used to determine the diffusion coefficients of Au in
amorphous Si. Diffusion lengths scale on the order of an G19.2
interatomic distance can be measured. The diffusivities
over the temperature range 200 to 260*C have an Arrhenius- ACCEPOR DELTA-DOPING ZN GaAs W.S. Hobson, S. I. Peaton and
type temperature dependence with an activation enthalpy of C. R. Abernathy, AT&T Bell Laboratories. 600 Mountain Ave. Murray Hill.

1.2 eV. The diffusivities are in agreement with the NJO. Cabaness, Solecon Laotaofle. San Jose. CA.
extrapolation of high temperature data taken by RBS in ion-
implanted amorphous Si, and are smaller than those in the We have investigated the formation and diffusion of delta-doped layers in
crystalline Si. GaAs employing the acceptors Zn Cd. and C MOCVD was used for the

growth of the Zn md Cd 6.doped layers while MOMBE was utiized to
achieve C 6dopi g. The narrowest atomic profiles for Zn had full width at

a) Present Address: Department of Materials of Science and ha roLin of 60k for peak Zn concerationms of ! 3 x 10" m ', as
Engineering, The Ohio State University, Columbus OH 43210 meaured by SIS. efftiv diffiiof coeffde Of 17 X 10'17cts is

estimated for a growth temperature of 625C, based on multiple Zn 8-doped
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layers. For carbon, a doping spike of 7 x 109cm- 3 
with a full width at half increasing suostrate temperature, the Si doping profile broaden extensive.y and shifts

a towards the sample suraces. This behaviour is attributed to Si segregation on the growingmaximumn of 50A. as measured by elctrochemical capacitance voltage surface, and leads to substantial unintended doping of the AlGaAs barrier laye-s. Ths
profiling, was achieved and represents the highest doping level yet reported for implies that the actual free carrier population may be due to a combination of it:entional
planar doping. Diffusion of the carbon was negligible under RTA for 5s at dopoig in the QW and uointennooal modulaton doping from the barriers. Te SIMSplanar Bydopntas. itasdiffisionlof tro aie ineg leves Ta o 5 s t results also indicate that. although extensive Si segregauon appears to occur riouh toe900"C. By contrast, it was dificult to achieve doping level-s 2 5 x 1 0 t7 c ~- OW interfaces during MBE growth, no resolvable Al-Ga imterdiffusion between th'- wei
for Cd due to its high vapor pressure. and barrier layers occurs.

The wavelength at which the maximum intersubband absorption occurs is deterrned by
G19. 3 a coupling oi the bare intersubband transition and the two-dimensional free cr:.e:r

plasma in the QW. The resulting depolarization shift of the infra-red absorptn pe. , as"RECIPITATION PHENOMENA ASSOCIATED WITH ULTRA- a runc:ion of substrate temoerature, has been determined by elsctroruc Raman saiter.ne,providin# data on the variations in free carrier concentration for the same .orr.uni.JHIGH Be DOPING OF Gao.4 7 1no03As BY MBE. C. M. Cotell, M. B. doping. Free carrier concentrauons were also measured directly vin Hall measurements.
Panish, R. A. Hamm, L. C. Hopkins, and J. M. Gibson, AT&T Bell The results indicate clearly that at both very low and very high substrate temperatures the
Laboratories, Murray Hill, NJ 07974. 2-ditnensional electron concentratio, is markedly reduced ir. the QW's. This bebaviour is

tentatively attributed, at low growth temperatures. to electron capture by deep defects in
the AIGa.As barrier layers. At high growth temperaures, los of tree electrons isUltra-high Be doping ( lxI02'cm 3) of Ga. 4 1no 3 As has a attributed to degraded activation of or incomplete electron transfer from Si atomsleapplcaios includinus inhgha a incorporated in the A GaAs barriers. In the present study, a substrate temperature ornumber of potentially desirable applications including use in high 620C yielded both the highest free carner concentration and the largest inteerated infra.

speed hcterostructure bipolar transistors. In this paper, we report the red absorption intensity. This work highlights the importance of thoroughly charac:enzed
results of a study of Be doping of Gao.47 1no.53 As as a function of epita.tial growth in opttmizing the performance of intersubband intia-r detectors.

temperature between 365 and 50"C. The Gao.47 1no_53 As samples
used in this study were grown by gas source molecular beam epitaxy G20. 1
(GSMBE) using decomposed AsH3 and PH3 for generation of As 2
and P 2 beams and elemental effusion cells for the Ga. In and Be INPURITY-INDUCED lAYER DISORDERING: CURRENT UNDERSTANDING
sources. The samples were characterized by TEM and SIMS and their AND AREAS FOR FUTURE INVESTIGATION. L. J. Guido and N.
electrical properties were determined by Hall measurements. It was Holonyak, Jr., University of Illinois, Urbana, IL

found that for each growth temperature there exists a maximum hole
concentration. Increasing the Be flux above that which produced the The study of impurity-induced layer disordering (IILD) has
maximum hole concentration resulted in precipitation and the led to the successful application of heterolayer inter-

nucleation of dislocations at the precipitates. The occurrence of diffusion to the fabrication of optoelectronic devices.
precipitation may be related to the rate of surface diffusion of Be and, Ordinarily, this type of layer interdiffusion is undesir-
therefore, may depend upon temperature. The nucleation of able in the active region of quantum well heterostructure
dislocations at precipitate sites is apparently dependent upon (QWII) devices but can be masked (prevented) and be
precipitate size. "turned-on" where desired. The acceptance of IILD as a

device fabrication technology has occurred because: (1) it
provides a means for selective bandgap, refractive index,

G19.4 and conductivity-type "engineering" paral.el to the

CHARACTERISTICS OF DOPING AND DIFFUSION OF HEAVILY DOPED N crystal growth plane, (2) it employs qimple integrated
AND P TYPE InP AND InGaAs EPITAXIAL LAYERS GROWN BY circuit-style processing, and (3) it has been achieved in
METALORGANIC CHEMICAL VAPOR DEPOSITION. C.J. Pinzone , N.D. many III-V semiconducting compounds using a variety of
Gerrard. R.D. Dupuis, N.T. Ha and H.S. Lufliman. AT&T Bell Laboratories, Murray agents (e.g. , shallow impurities, native defects) . The
Hill. N1J purpose of this work is threefold. First is to identify

important contributions to the current phenomenological
understanding of IILD. for example, the determination of

Electronic and photonic device applications of the InP/InGaAs semiconductor materials the temperature and impurity concentration dependence of
system requiring the growth of epiisxial material doped to or near the saturation limit the Al-Ga interdiffusion coefficient, the identification
of the impurity in the host material present an extreme challenge for the crystal of the crystal surface-ambient interaction and the Fermi-
grower. To produce device heterostructures with -urupt dopant proliles. preserve the level effect, and the comparison of thermal annealing-
junction during subsequent growth, and retain a high degree of crystalline perfection it induced and impurity-diffusion-induced layer dis-
is necessary to understand the limits of dopant incorporation, the behavior of the ordering. Second is to review the strengths and weakness-
impurity in the material, and the influence of adjacent layers on the dopant distribution. es of existing IILD models in consideration of the above

mentioned experimental data. Third is to present perform-
N and p type doping above 10t9 has been achieved in IaP and InGaAs grown by ance data for AlxGaixAs-GaAs QWH devices that have been
MOCVD. Growth conditions and electrical characteniation results for doping near the fabricated using these "IILD concepts". The device
electrical saturation limit will be presented. results are encouraging, but suggest that higher levels of

sophistication will require a more complete understanding
Homo and eterojunctions of InP and InGaAs doped at various levels were prepared by and further development of IILD.
MOCVD. Secondary Ion Mass Spectroseopy (SIMS) was used to determine the degree
of dopant diffusion in these structures and the role of the doping level of adjacent G20.2
layers in enhancing or retarding this diffusion. These results, and techniques for control
of impurity distributions will be presented. BEHAVIOR OF DOPANT-RELATED DEFECTS IN AIGaAs

SUPERLATTICES. N.D. Theodore, P. Mei*, C.B. Carter, C.
Gi9. 5 Palmstrom*, S.A. Schwarz"*, J.P. Harbison", L.T. Florez**.Department of Materials Science and Engineering, Bard Hall. Cornell
EFFECTS OF Si INCORPORL%.TION AND ELECTRICAL ACTIVATION ON University, Ithaca, NY 14853; *Department of Electrical Engineering,
INTERSIIBBAND OPTICAL ABSORPTION IN GaAs/A.IGaAs .ULTIPLE QACNTUMI Mudd Building, Columbia University, NY 10027; "Bell
WELLS. I.D. Ralston. H. Ennen, M. Maier, M. Ramsteiner, B Disitldr, and P.Koidl,
Frauatofer-irsurut fur Angewandte Festldrperpnys Eckerstrae 4, 7800 Freibarg, Communications Research Inc., 331 Newman Springs Rd., Redbank, NJ
West Germany. 07751.

In the past Sve year, several jroups have successfuly demonstrated efficient infra-red
detection at 812 om based on ote.'subband absorption in GaAsiAIGaA uantuj we4. The presnce of silicon dopant atoms is known to increase the diffusion of
Typical structures contain GaAs QW's doped 'mth Si to a level on the order of 10' cm Al in the AlGaAs/GaAs superlattice system. This phenomenon has been
Utilizing SIMS profiling, Hal measurements, electronic Raman scattenng. and rdra-red used in the past to induce dopant-enhanced mixing of AIGaAs/GaAs
absorpooa, we will present a detailed study of the effects of Si doparit behaviour on superlattices. A previous study characterized the mixing behavior of
intersubbad absorption in G&AI/AlaAs 1OW's. The peak wasele.;th and integrated
intetity of the infra-red absorption are found to be strongly dependent upon the AIGaAs superlattices at high Si-doping levels.

I Defects such as
incorporation and electrical activation of Si in doped GAAs OW'S, which us turn are dislocation loops and Si-rich precipitates were found to form in the highly
greatly influenced by (he epitaxiua growth conditions, doped superlattices upon annealing. The presence of the defects was

Six samples of identical deign were grown on undoped GaAs jubstrates by MBE. Each found to be related to changes in mixing behavior. In the present study,
sample contained a 10 perid MOW regon, constig ot "4QA undoped Al 3 2 Gw iG& transmission electron microscopy has been used to characterize the
barrier la.rs and 70 A Ga.As OW's doped in the center 50 A with Si at a Concentration defects. Superlattices with varying silicon doping levels have been
of 2 it10 0 tn"'. The MOW reion was grown at a different substrate temoerature for annealed at different temperatures for varying time-periods, to observe the
each Sample, varying between 5Z0 and 680'C. SIMS profikng clear!y reveals that. wrin temperature-time behavior of the dislocation-loops. The superlattice
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geometry has been varied to confirm or deny the tentative observation of a G20.4
preponderance of defects in GaAs as opposed to AlAs in the superlattice. DIFFUSION MECHANISMS IN GaAs AND GaAs-BASED LAYERED
These results will be presented. The vacancy/ interstitial nature of the STRUCTURES. U.;clc and T. Y. Tant, School of
loops will also be discussed. Engineering, Duke University, Durham, NC; talso at the

Microelectronics Center of North Carolina, Research1. N.D. Theodore, C.B. Caner, P. Mei, S.A. Schwarz, T. Venkatesan, Triangle Park, NC.
J.P. Harbison, Proc. Mat. Res. Soc. Symp. 1988 (in press).

It has taken more than twenty years to demonstrate that
G20.3 both vacancies alnd. self-interstitials are important for
INTERDIFFUSION BEHAVIOR OF SYMETRICALLY STRAINED understanding the mechanisms of self- and impurityGemSim SUPERLATTICES. P.M. Adams and R.C. Bowman, diffusion in the elemental semiconductor silicon.
Jr., The Aerospace Corporation, Los Angeles, A, Similarly, for a long time diffusion processes in GaAs and

J. ThengV. Aerospa Co at L angUneesy o; other III-V compounds have almost exclusively been
California, Los Angeles, CA. discussed in terms of mechanisms involving vacancies.

Only in the last couple of years the phenomenon of

X-ray diffraction and Raman scattering have been impurity-diffusion-induced disordering of GaAs-based
used to study interface mixing between the Ge and superlattices have allowed to study self-diffusion processes
Si layers in symmet~rically strained GemSi, super- much more closely than previously possible and to arriveSlayies duing symmerially stainTe seiatspe at detailed conclusions concerning Ga self-diffusion and a
lattices during thermal anneals. The superlattices number of impurity diffusion mechanisms. Under
had been grown by MBE procedures on relaxed Si0 ,5 - intrinsic and n-type doping conditions Ga self-diffusion is
Geo.5 alloy buffer layers. In order to extract the dominated by a mechanism involving triply negatively
bulk interdiffusion coefficients from the intensity charged gallium aecanies, whereas under heavy p-type
changes of the x-ray satellites, samples with nomi-
nal periodicities between 1.4nm and 5.6nm have been doping Ga self-interstitials govern Ga self-diffusion.
prepared. Initial analyses of the temperature de-
pendences of these satellites yielded an activation Concerning impurity diffusion mechanisms we will shortly
energy of 3.0ev for the interdiffusion coefficient, discuss silicon diffusion in GaAs and then concentrate on
This value is essentially equivalent to that previ- Zn and Be diffusion both of which appear to be governed
ously obtainedI for a Ge/Si superlattice grown on a by the 'kick-out' mechanism. We will specifically deal with
Geo.4SiO.b alloy buffer. From comparisons with the different diffusion behavior in the presence or
diffusion parameters for crystalline Si and Ge it absence of an outside source and with the influence of zincdifusonpaamtes orcrytalie i ndGeit in-diffusion on the diffusion behavior of Be or Zn
is concluded that intermixing in these Ge/Si super-
lattices are dominated by the diffusion of Si atoms incorporated in a buried layer.
into the Ge layers via a vacancy mechanism.
intermixing also produced significant changes in
the Raman spectra. Namely, the intensity of the
zone-fold acoustic peaks deceased while the optical
mode associated with the Ge-Si vibration systemati-
cally increased during the annealing. In addition,
shifts in the optic mode energies that can be at-
tributed to alloy formation at the interfaces were
also observed.

[. ..J. Chang, etal., Appl. Phys. Lett. 54, 1235
('989)
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SESSION HI: MICROCRYSTALLINE SILICON: !i:00 H1.7
GROWTH ELECTRONIC AND STRUCTURAL PROPERTIES OF Lc-

Chair: C. C. Tsai Si:H FILMS PREPARED BY RF GLOW DISCHARGE
Wednesday Morning, November 29 WITH HYDROGEN DILUTION, S. Aljishi, Shu Jin,

Salon J/K (M) M. Stutzmann and L. Ley; Max-Planck-Institut
f r Festkorperforschung, Stuttgart, West

8:15 INTRODUCTORY REMARKS Germany.

8:30 *HI.I 11:15 H41.8
ROLE OF SURFACE AND GROWTH-ZONE REACTIONS IN THE FORMATION OF SILICON CLUSTERS IN
THE FORMATION PROCESS OF 4c-Si:H, Akihisa P.E.C.V.D. Si:O:H:F ALLOYS, A.G. Dias and J.
Matsuda, Electrotechnical Laboratory, Mater- Figueiredo, Centro de Fisica Molecular das
ials Science Division, Ibaraki, Japan; and Universidades de Lisboa, Instituto Nacional
Toshio Goto, Nagoya University, Electronics de Investigacao Cientifica, Complexo I
Department, Nagoya, Japan. (I.S.T.) Lisboa, Portugal.

9:00 H1.2 11:30 HI.9
OPTO-ELECTRONIC PROPERTIES OF Lc-Si GROWN PREPARATION OF CRYSTALLINE Si THIN FILMS BY
FROM SiF 4 and H2 BY PECVD, Y. Okada, I.H. SPONTANEOUS CHEMICAL DEPOSITION, Tohru
Campbell, P.M. Fauchet, and S. Wagner, Komiya, Akira Kamo, Hiroshi Kujirai, Tokyo
Princeton University, Department of Electri- Institute of Technology, Imaging Science and
cal Engineering, Princeton, NJ. Engineering Laboratory, Yokohama, Japan;

Isamu Shimizu, Tokyo Institute of Tech-
9:15 H1.3 nology, Imaging Science and Engineering
SUBSTRATE TEMPERATURE DEPENDENCE OF THE Laboratory and Graduate School at Nagatsuta,
RAMAN SPECTRA FOR MICROCRYSTALLINE SILICON Yokohama, Japan; and Jun-ichi Hanna, Tokyo
FILMS PRODUCED BY REACTIVE MAGNETRON SPUT- Institute of Technology, Imaging Science and
TERING, C.Wang, G.N. Parsons, E.C. Buehler, Engineering Laboratory, Yokohama, Japan.
3. Lucovsky and R.J. Nemanich, North Caro-
lina State University, Department of Physics 11:45 H1.10
and Material Science and Engineering, MICROCRYSTALLINE SILICON FILMS PRODUCED BY
Raleigh, NC. RF MAGNETRON SPUTTERING AND THE EFFECT OF

DIFFERENT AMBIENTS ON THEIR CONDUCTIVITY,
9:30 H1.4 Ratnabali Banerjee, A.K. Bandyopadhyay, S.N.

PREPARATION AND CHARACTERIZATION OF HIGHLY Sharma, A.K. Batabyal, and A.K. Barua,
CONDUCTIVE (100 S/cm) PHOSPHORUS DOPED lc- Indian Association for the Cultivation of
Si:H FILMS DEPOSITED USING THE VHF-GD TECH- Science, Energy Research Unit, Calcutta,
NIQUE, K. Prasad, F. Finger, H. Curtins, A. India.
Shah, Institut of Microtechnology, Neuchat-
el, Switzerland; and J. Bauman, University SESSION H2: SEMICONDUCTOR COMPOUNDS:
of Konstanz, Physics Institut, Konstanz, NANOCRYSTALS
West Germany. Chair: P.M. Fauchet

Wednesday Afternoon, November 29
9:45 H1.5 Salon J/K (M)

COMPOSITION DETERMINATION OF MICROCRYSTAL-
LINE TWO-PHASE SILICON RICH OXIDES, D. 1:30 *H2.1
Bouldin, C.H. Lam, IBM, Essex Junction, VT; LINEAR AND NONLINEAR OPTICAL PROPERTIES OF
K.-T. Chang and K. Rose, Rensselaer Poly- QUANTUM SEMICONDUCTOR CRYSTALLITES, Louis
technic Institute, Center for Integrated Brus, AT&T Bell Laboratories, Murray Hill,
Electronics, Troy, NY. NJ.

10:00 BREAK 2:00 H2.2
ELECTRODEPOSITION OF 3-DIMENSIONAL SIZE

10:30 *Ja. QUANTIZED CdS AND CdSe FILMS, G. Hodes and
CHEMISTRY AND SOLID STATE PHYSICS OF MICRO- T. Engelhard, The Weizmann Institute of

VCRYSTALLINE SILICON, Stan Veprek, Technical Science, Department of Materials Research,
University Munich, InsItitute for Chemistry Rehovot, Israel.
of Information Recording, Munich, West
Germany. 2:15 H2

STRUCTURAL AND ELECTRICAL CHARACTERIZATION
OF CdSe THIN FILMS, Miltiadis K. Hatalis,
and L_ in, Lehigh University, Department

*Invited Paper of Electrical Engineerig, Bethlehem, PA; and
Michael R. Westcott, Litton Systems Canada
Limited, Rexdale, Canada.
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2:30 H2.4 SESSION H3: MICROCRYSTALLINE
A STUDY OF THE PRESSURE-INDUCED PHASE SILICON: PROPERTIES
TRANSITION IN BULK AND NANOCRYSTALLINE CdS, Chair: K. Tanaka
Xue-Shu Zhao, John Schroeder, P.D. Persans, Thursday Morning, November 30
and Enlian Lu, Rensselaer Polytechnic In- Salon J/K (M)
stitute, Physics Department, Troy, NY.

8:30 *H3.1
2:45 H2.5 THE GROWTH AND STABILITY OF MICROCRYSTALLINE

TIME-RESOLVED SPECTRA OF EDGE EMISSION OF SILICON, S. Wagner and S. Wolff, Princeton

CdSe MESOSCOPIC CLUSTERS IN GeO2  GLASS University, Department of Electrical En-
MATRIX, Takao Inokuma, Akinori Tanaka, gineering, Princeton, NJ.
Toshihiro Arai, University of Tsukuba,
Institute of Applied Physics, Ibaraki, 9:00 H3.2
Japan; and Mitsuru Ishikawa, Hamamatsu MICROCRYSTAL SILICON FILMS PREPARED BY
Photonics K.K., Tsukuba Research Laboratory, REMOTE PLASMA CVD, Sung Chul Kim, Jung Tae
Ibaraki, Japan. Hwang, Seung Kyu Lee, Chang Young Jung, Sung

Moo Soe, Sung Ok Koh, Kwan Soo Chung, and
3:00 BREAK Jin Jang, Kyung Hee University, Department

of Physics and Electronics, Seoul, Korea.
3:30 *H2.6

OPTICAL PROPERTIES OF II-VI SEMICONDUCTOR- 9:15 H3.3
DOPED GLASS, P.D. Persans, An Tu, T. FRACTAL-LIKE STRUCTURES PRESENT IN HYDROGEN-
Driscoll, M. Lewis, and R. Redwing, Rensse- ATED AMORPHOUS AND MICROCRYSTALLINE SILICON,
laer Polytechnic Institute, Physics Depart- R.C. van Oort, J.C. van den Heuvel and M.J.
ment and Center for Integrated Electronics, Geerts, Delft University of Technology,
Troy, NY. Faculty of Electrical Engineering, Delft,

The Netherlands.
4:00 H2.7

FABRICATION AND CHARACTERIZATION STUDIES OF 9:30 H3.4
SEMICONDUCTOR-IMPREGNATED POROUS VYCOR ROLE OF HYDROGEN IN THE PROCESS OF EXCIMER-
GLASS, C.A. Huber, Massachusetts Institute LASER-INDUCED CRYSTALLIZATION OF a-Si:H, K.
of Technology, Francis Bitter National Winer, R. Bachrach, R. Johnson, S. Ready, G.
Magnet Laboratory, Cambridge, MA and Univer- Anderson and J. Boyce, Xerox Palo Alto
sity of Puerto Rico, Department of Physics, Research Center, Palo Alto, CA.
Rio Piedras, Puerto Rico; T.E. Huber, Har-
vard University, Department of Physics, 9:45 H3.5
Cambridge, MA and University of Puerto Rico, HYDROGEN PASSIVATION OF UNDOPED AND DOPED
Department of Physics, Rio Piedras, Puerto 4c-Si, M. Stutzmann, C.P. Herrero, M. Ingels
Rico; A.P. Salzberg and J.A. Perez, and A. Breitschwerdt, Max-Planck-Institut
University of Puerto Rico, Department of fuir Festkbrperforschung, Stuttgart, West
Physics, Rio Piedras, Puerto Rico. Germany.

4:15 H2.8 10:00 BREAK
SYNTHESIS, STRUCTURAL AND OPTICAL CHARAC-
TERIZATION OF SMALL PARTICLE III-V SEMICON- 10:30 *H3.6
DUCTOR CLUSTERS INCLUDED IN POROUS HOSTS, CONTROL OF CHEMICAL REACTIONS FOR GROWTH OF
James E. MacDougall, Hellmut Eckert, William c-Si AT LOW SUBSTRATE TEMPERATURE, .
T.A. Harrison, Galen D. Stucky, University Shimizu, J. Hanna, and H. Shirai, Tokyo
of California, Santa Barbara, Department of Institute of Technology, Yokohama, Japan.
Chemistry, Santa Barbara, CA; Norman Herron,
Ying Wang, E.I. duPont de Nemours and Co., 11:00 H3.7
Inc., Central Research and Development EFFECTS OF HYDROGEN ATOMS ON PASSIVATION AND
Department, Wilmington, DE; Karin Moller and GROWTH OF MICROCRYSTALLINE Si, Toshimichi
Thomas Bein, University of New Mexico, Ito, Tatsuro Yasumatsu and Akio Hiraki,
Department of Chemistry, Albuquerque, NM. Osaka University, Department of Electrical

Engineering, Osaka, Japan; and Hirokuni
4:30 H2.9 Watabe, Matsushita Electric Industrial

THE PREPARATION OF COLLOIDAL III-V SEMICON- Company, Limited, Osaka, Japan.
DUCTORS IN AQUEOUS SOLUTION, Toby J.
Cumberbatch and Michael D. Spencer, Cam- 11:15 H3,8
bridge University, Engineering Department, A DISCUSSION OF ELECTRONIC OPTICAL ABSORP-
Cambridge, United Kingdom; and Andrew TION SPECTRA OF NANOCRYSTALLINE THIN FILMS,
Putnis, Cambridge University, Department of E. Butarret, Max-Planck-Institut fur Fest-
Earth Sciences, Cambridge, United Kingdom. k~rperforschung, Stuttgart, West Germany;

and M.A. Hachicha, CNRS-LEPES, Grenoble,
France.
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11:30 H3. 3:00 H4.6

GROWTH OF MICROCRYSTALLINE SILICON IN ULTRA- NONLINEAR OPTICAL PROPERTIES OF STRUCTURED
THIN LAYERS, Yeun-Jung Wu, P.D. Persans, NANOPARTICLE COMPOSITES, Meyer H. Birnboim,
Rensselaer Polytechnic Institute, Physics Wei Ping Ma, and Guang Mei, Rensselaer
Department, Troy, NY; B. Abeles, Exxon Polytechnic Institute, Department of Mechan-
Research and Engineering Company, Annandale, ical Engineering, Troy, NY.
NJ; and Shu-Lin Wang, University of Chicago,
James Franck Institute, Physics Department, SESSION H5: SILICON ALLOYS
Chicago, IL. Chair: I. Shimizu

Thursday Afternoon, November 30
11:45 H3.10 Salon J/K (M)
PHOTOMODULATION STUDY OF NANOCRYSTALLINE
HYDROGENATED SILICON, L. Chen, J. Tauc, 3:45 *H5.1
Brown University, Providence, RI; and Z. OPTOELECTRONIC AND PHOTOVOLTAIC APPLICA-
Vardeny, University of Utah, Salt Lake City, TIONS OF MICROCRYSTALLINE SiC, Y. Hamakawa,
UT. G. Hirata, Y. Matsumoto, M.K. Han and H.

Okamoto, Osaka University, Faculty of En-
SESSION H4: OPTICAL PROPERTIES gineering Science, Osaka, Japan.

Chair: P. Persans
Thursday Afternoon, November 30 4:15 H5.2

Salon J/K (M) THE EFFECT OF HYDROGEN ON THE STRUCTURE OF
AMORPHOUS AND MICROCRYSTALLINE SiC PREPARED

1:30 *H4.1 BY THE POLYMER ROUTE, C-J. Chu, Florence
PROPERTIES OF BINARY Si:H MATERIALS PREPARED Bobonneau and J.D. Mackenzie, University of
BY HYDROGEN PLASMA SPUTTERING, Shoji California, Department of Material Science
Furukawa and Tatsuro Miyasato, Kyushu In- and Engineering, Los Angeles, CA.
stitute of Technology, Fukuoka-ken, Japan.

4:30 H5.
2:00 H4.2 CHARACTERIZATION OF AMORPHOUS CARBON THIN

CRITICAL REVIEW OF RAMAN SPECTROSCOPY AS A FILMS, N.-H. Cho, K.M. Krishnan, D.K. Veirs,
DIAGNOSTIC TOOL FOR SEMICONDUCTOR NANOCRYS- M.D. Rubin, Lawrence Berkeley Laboratory,
TALS, P.M. Fauchet, Princeton University, Mechanical Engineering Department, Berke-
Department of Electrical Engineering, ley, CA; B. Bushan, IBM Research Division,
Princeton, NJ. San Jose, CA; and D.B. Bogy, University of

California at Berkeley, Department of Mech-
2:15 H4.3 anical Engineering, Berkeley, CA.

RAMAN SCATTERING FROM MICROCRYSTALLINE
FILMS: CONSIDERATIONS OF COMPOSITE STRUC- 4:45 H5.4
TURES WITH DIFFERENT OPTICAL ABSORPTION THE EFFECT OF HYDROGEN ON THE STRUCTURE AND
PROPERTIES, R.J. Nemanich, Y.M. LeGrice, ELECTRO-OPTICAL PROPERTIES OF SILICON-GER-
R.E. Shroder, North Carolina State Univer- MANIUM ALLOYS, I.H. Campbell, P.M. Fauchet,
sity, Department of Physics and Department Princeton University, Department of Electri-
of Materials Science and Engineering, cal Engineering, Princeton, NJ; C.M.
Raleigh, NC; and J.B. Boyce, Xerox Palo Alto Fortmann, and D.E. Albright, University of
Research Center, Palo Alto, CA. Delaware, Department of Electrical Engineer-

ing, Newark, DE.
2:30 H4.4

PHONON STATES IN SiC SMALL PARTICLES, Y SESSION H6: POSTER SESSION
Saski, C. Horie, Ishinomaki Senshu Univer- MICROCRYSTALLINE SEMICONDUCTORS
sity, Basic Science Department, Ishinomaki, Chairs: P.M. Fauchet, K. Tanaka
Japan; and Y. Nishina, Tohoku University, and C.C. Tsai
IMR Department, Sendai, Japan. Thursday Evening, November 30

7:00-10:00 p.m.
2:45 H4.5 America Ballroom (W)

MODELLING INTERBAND OPTICAL SPECTRA OF
MICROCRYSTALLINE WIDE BAND GAP SEMICONDUC- H6.1 OPTICAL PROPERTIES OF MICROCRYSTAL-
TORS (V205 , AlN, BN) USING THE COHERENT LINE SILICON, Martin Ingels, Martin
POTENTIAL APPROXIMATION, Carolyn Rubin Aita, Stutzmann and Stefan Zollner, Max-Planck-
University of Wisconsin-Milwaukee, Materials Institut fir Festkorperforschung, Stuttgart,
Department and the Laboratory for Surface West Germany.
Studies, Milwaukee, WI.

H§42 ROOM TEMPERATURE EXCITONIC ABSORP-
TION IN SMALL CdS CRYSTALLITES, D.K. Rai and
Binod Kumar, University of Dayton Research
Institute, Dayton, OH.
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H76 PARTICLE-SIZE DISTRIBUTION OF CdSe H6.11 SUPPRESSION OF ACCEPTOR DEACTIVA-
QUANTUM DOTS DETERMINED BY PHOTOLUMINESCENCE TION IN SILICON BY ION IMPLANTATION DAMAGE,
SPECTROSCOPY, E.N. Prabhakar, Massachusetts K. Srikanth and S. Ashok, Pennsylvania State
Institute of Technology, Francis Bittner University, Department of Engineering Sci-
National Magnet Laboratory, Cambridge, MA ence and Mechanics and Center for Electronic
and California Institute of Technology, Materials and Processing, University Park,
Department of Physics, Pasadena, CA; C.A. PA.
Huber, Massachusetts Institute of Tech-
nology, Francis Bitter National Magnet H6.12 ENHANCED NONLINEAR OPTICAL RESPONSE
Laboratory, Cambridge, MA and University of OF COATED NANOPARTICLES, N. Kalyaniwalla,
Puerto Rico, Rio Piedras, Puerto Rico; and J.W. Haus, M.H. Birnboim, W.P. Ma, Rensselaer
D. Heiman, Massachusetts Institute of Tech- Polytechnic Institute, Physics Department,
nology, Francis Bitter National Magnet Troy, NY; and R. Inguva, University of
Laboratory, Cambridge, MA. Wyoming, Laramie, WY.

H6.A THERMALLY GROWN OXIDE LAYERS ON a- H6.13 THE EFFECT OF MICROCRYSTALLINITY ON
GaAs FILMS FOR MASKING AND PATTERN GENER- INTERBAND OPTICAL TRANSITIONS IN SPUTTER
ATION IN VLSI, S.V. Avadhani and B.S.V. DEPOSITED ZIRCONIA, C.-K. Kwok, C.R. Aita,
Gopalam, Indian Institute of Technology, University of Wisconsin-Milwaukee, Materials
Physics Department, Madras, India. Department and Laboratory for Surface Studies,

Milwaukee, WI; and E. Kolawa, California
H6.5 STUDIES OF FORMATION AND STRUCTURE Institute of Technology, Pasadena, CA.
OF GeS 2-GaSI. 5-CdS SEMICONDUCTING GLASSES,
Suzanne Barnier, Micheline Guittard, Faculte H6.14 PREPARATION AND CHARACTERIZATION OF
des Sciences Pharmaceutiques et Biologiques MICROCRYSTALLINE SiC:H FILMS, S.V. Rajarshi,
de Paris, Laboratoire de Chimie Mindrale, F. Mohammad, R.O. Dusane, V.G. Bhide, Univer-
Paris, France; and Christian Julien, Univer- sity of Poona, School of Energy Studies,

site Pierre et Marie Curie, Laboratoire de Pune, India; S.V. Ghaisas, P. Kulkarni and
Physique des Solides, Paris, France. A.S. Nigavekar, University of Poona, Depart-

ment of Physics, Pune, India.
H46.6 OPTICAL AND MICROSTRUCTURAL CHARAC-
TERIZATION OF THIN FILM CulnSe2 FOR PHOTO- H6.1 RAMAN STUDIES OF MICROSTRUCTURAL
VOLTAIC APPLICATIONS, John R. Tuttle, David CHANGES IN AMORPHOUS SILICON-BORON ALLOYS

S. Albin, and Rommel Noufi, Solar Energy DUE TO ANNEALING, G. Yang, P. Bai, Rensse-
Research Institute, Solid State Research, laer Polytechnic Institute, Center for

Golden, CO. Integrated Electronics and Physics Depart-
ment, Troy, NY; B.Y. Tong, S.K. Wong, J. Du,

H6.7 THERMAL ANNEALING OF AMORPHOUS University of Western Ontario, Center for
CoMnNiO FILMS ON OXIDIZED Si SUBSTRATE, Tan Chemical Physics, London, Canada; and I.
Hui, Tao Mingde, Qin Dong, Han Ying, Xin- Hill, University of Western Ontario, Surface
jiang Institute of Physics, Academia Sinica, Science Laboratory, London, Canada.
Xinjiang, China; Lin Chenglu and jo
Shichang, Shanghai Institute of Metallurgy, SESSION H7: DEVICES AND APPLICATIONS
Ion Beam Laboratory, Shanghai, China. Chair: S. Wagner

Friday Morning, December 1
H6.8 THE GRAPHITIZATION OF A-C:H FILMS Salon J/K (M)
DURING THERMAL ANNEALING, Shuhan Lin,
Shuguang Chen and Dang Mo, Zhongshan Univer- 8:30 *H7.1
sity, Department of Physics, Guangzhou, PREPARATION OF HIGH-QUALITY POLY-Si AND 4c-
China. Si AND 4c-Si FILMS BY THE SPC METHOD, T.

Matsuyama, M. Nishikuni, M. Kameda, S.
H6.9 PREPARATION AND CHARACTERIZATION OF Okamoto, M. Tanaka, S. Tsuda, M. Ohnishi, S.
COLLOIDAL MoS2 MICROCRYSTALS, Enlian Lu, Nakano and Y. Kuwano, Sanyo Electric Con-
P.D. Persans, Rensselaer Polytechnic Insti- pany, Ltd., Functional Materials Research
tute, Physics Department, Troy, NY; A. Center, Osaka, Japan.
Ruppert and R. Chianelli, Exxon Research and
Engineering Company, Annandale, NJ. 9:00 H7.2

CHARACTERISTICS OF HYDROGENATED MYCROCRYS-
H6.10 TRANSPORT PROPERTIES OF B-, p- TALLINE Si FOR Si HBTs, H. Fujioka, M. Itoh,
DOPED, AND UNDOPED 50kHz PECVD MICROCRYSTAL- and K. Takasaki, Fujitsu Limited, Advanced
LINE SILICON, M.A. Hachicha, CNRS-LEPES, Technology Development Division, Kanagawa,
Grenoble, France; and E. Bustarret, Max- Japan.
Planck-Institut fir Festkbrperforschung,

* Stuttgart, West Germany.
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9:15 H7.3 11:45 H7.11
DOPANT SEGREGATION AT POLYCRYSTALLINE SILI- DEVELOPMENT OF THE VERY THIN MICROCRYSTAL-
CON GRAIN BOUNDARIES IN DEVICE FABRICATION LINE N-LAYER AND ITS APPLICATION TO THE
PROCESSES, M. Itoh, I. Aikawa, N. Hirashita STACKED SOLAR CELL, F. Nakabeppu, T. Ishimura,
and T. Ajioka, Oki Electric Industry Company, F. Kumagai and K. Fukui, CRDL TONEN Corpora-
Ltd., VLSI R&D Laboratory, Tokyo, Japan. tion, Saitama, Japan.

9:30 H7.4
CORRELATIONS BETWEEN OPTICAL, ELECTRICAL,
AND STRUCTURAL PROPERTIES OF IN-SITU PHOS-
PHORUS-DOPED HYDROGENATED MICROCRYSTALLINE
SILICON - EFFECTS OF RAPID THERMAL ANNEALING
ON MATERIAL PROPERTIES, D.E. Kotecki, S.J.
Jeng, IBM, Semiconductor Development Labora-
tory, Hopewell Junction, NY; J. Kanicki, IBM
T.J. Watson Research Center, Yorktown Heights,
NY; C.C. Parks, V. Phan, W. Rausch, K.
Seshan and J. Tien, IBM, Semiconductor
Development Laboratory, Hopewell Junction,
NY.

9:45 H7.5
SILICON RE-CRYSTALLIZATION CONTROL FOR
VLSI/ULSI'S WITH SOI-LIKE STRUCTURES, Jun'Ichi
Matsunaaa, Shigeru Kanbayashi and Shinji
Onga, Toshiba Corporation, ULSI Research
Center, Kawasaki, Japan.

10:00 BREAK

10:30 H7.
SELECTIVE DEPOSITION OF N-DOPED 4C-Si:H:F BY
RF PLASMA CVD ON Si AND SiO x SUBSTRATES, K.
Baert, P. Deschepper, J. Nijs and R. Mertens,
I.M.E.C., Department MAP/SMG, Heverlee, Bel-
gium.

10:45 H7.7
SELECTIVE GROWTH OF Si CRYSTALS OVER AMOR-
PHOUS SUBSTRATES SEEDED BY SOLID-STATE
AGGLOMERATION OF PATTERNED Si, K. Yamagata
and T. Yonehara, Canon Inc., R/D Headquar-
ters, Kanagawa, Japan.

11:00 H7.8
THE CRYSTAL-AXIS-ROTATION OF LASER-RECRYS-
TALLIZED SILICON ON INSULATOR, K. Sugahara,
T. Ipposhi, Y. Inoue, T. Nishimura, and Y.
Akasaka, Mitsubishi Electric Company, LSI
R&D Laboratory, Itami, Japan.

11:15 H7.9
NEW MODEL FOR POLY-SILICON THIN FILM TRAN-
SISTORS FOR USE WITH SPICE, M. Izzard, W.I.
Milne, and P. Migliorato, Cambridge Univer-
sity, Engineering Department, Cambridge,
United Kingdom.

11:30 H7.10
ELECTRICAL PROPERTIES OF SIPOS FILMS DEPOSI-
TED ON CRYSTALLINE SILICON, Tien-Min Chuang,
Kenneth Rose, and Ronald J. Gutmann, Rens-
selaer Polytechnic Institute, Center for
Integrated Electronics, Troy, NY.
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Hi.1 nature of the films. The hydrogen content was determined using ir.

ROLE OF SURFACE AND GROWTH-ZONE REACTIONS IN THE At Ts=2400C, the films are "electronic-grade" hydrogenated
FORMATION PROCESS OF pc-Si:H. Akihisa Matsuda, amorphous silicon with 12 at.% H, and no crystalline features in
Electrotechnical Laboratory, Tsukuba, Japan; and the Raman spectrum. At Ts=4500 C, the Raman spectrum shows
Toshio Goto, Nagoya University, Nagoya, Japan. only amorphous features, and hydrogen is not detected by ir. At

Ts=5500 C, the films have a dramatically different Raman spectrum,
Diode-laser-absorption technique was used in the indicating an abrupt change in the film structure. These films are
SiH4/H2 plasmas under various ratios of SiH4/H2 microcrystalline, with a large silicon TO peak at 518 cm- 1 (full
to detect SiH3 and SiH2 radicals. SiH3 of 1012- width at half max.=10 cm-1), and a shoulder at 495cm- 1 . At
1011/cm 3 was detected in all SiH4/H2 conditions, Ts=6500 C, the TO peak at 518 cm- 1 becomes more narrow (full
while SiH2 was not observed within the detection width at half max.=6.5 cm-l), and features due to 2-phonon
limit of this method (6x109 /cm 3 ) in alllcmditions, indicating that SiHl3 is the scattering in crystalline silicon become distinct. We will discussrspons radical for the film growth even in the effect of hydrogen partial pressure, on the depositionresponsible rowth orthe temperature at which the abrupt change in microstructure occurs
the pc-Si:H growth condition, in reactive magnetron sputtered silicon films.

The surface-loss (0), the recombination (y) and
the sticking (a) probabilities of incident SiH3 H1.4
radicals were estimated by means of the step- PREPARATION AND CHARACTERISATION OF HIGHLY
coverage experiments on a c-Si wafer, which were CONDUCTIVE (100 S/cm) PHOSPHORUS DOPED pc-Si:Hl
performed under a wide range of substrate FILMS DEPOSITED USING THE VHF-GD TECHNIQUE.
temperatures. It was found that 0 does not show K , F. Finger, H. Curtins, A. Shah, Insutut of Microtechnology, Rue
a temperature dependence for the a - S i : H Breguet 2. 2000 Neuchatel, SwiLzerland; and J. Bauman. Physics Inst., Univ. of
deposition conditions, while it does decrease Konstanz,. 7750- Konstanz, W. Germany.
slightly with an increase in the temperature for
the pc- Si :H conditions. On the other hand, a The Very High Frequency Glow Discharge (VHF-GD : 70 MHz) technique has
shows a strong temperature dependence in the ben used to deposit phosphorus doped pc-Si:H films. Conductivities a. high as
temperature range between 350C and 460C for a - 100 Ski have been obtained using low RF nower (25 mW/cm 2 or 15 niV/cm 3)

Si :H, and it shows small temperature dependence for film thicknesses of 0.5 and 1.5 pm at a deposition temperature of 3(00 'C and
for uac-Si:H. phosphine to silane doping ratio of 1.5%. For these samples an average grain sIc of

150 A is deduced Iron X-ray diffraction measurements. The conductviues are
These results are interpreted in terms of a considerably higher (factor 5to 10) than those obtained by the standard GD at 13.56
difference in the growing surface between uc-Si:H NlHz, which require much higher RF-power acnsites (factor 10 highcr). Our results
and a-Si:H depositions in a unified manner. are comparable to those obtained using an ECR plasma 11], and to the best

conductivities reported for in-situ P doped polysilicon deposited by pyrolysis at
600 'C and annealed at 700 C [2]. The possibility of producing this material at

H1.2 such lo% temperature, (300 C) opens new prospects for its applications in

()PTO-ELECTRONIC PROPERTIES OF pc-Si GROWN microelectronics.

FROM SiF. AND 112 BY PECVD. Y.QOkada, 1. H. Campbell. P.
M. Fauchet and S. Wagner. Department of Electrical Engineering, Hi. 5

Pnrnceton University. Princeton, NJ 08544 COMPOSITION DETFRMINATION OF MIC(CRYSTALLINE
I WO-PIHASE SILICON 1(1(11 OXIDES. 1) l iili, aid CI. Lam,

Micrtxcrvstalline silicon (pc-Si) has been drawing attention as a candidate I13. 1000 lRiver lRod, Essex Junctiot, VT 0517i2; ail IK.-T. Cliazig
for the p-layer of amorphous silicon (a-Si) solar cells 111 and the emitter :td I . Ios Ce-t .- for Integrated Electru cs, lhiisseiaer I'ulytec i

for Itistilute. 'iiy, NY 12161.
of silicon heterojunction transistors 121.

I1RTEM teaburetientts of silieot rich oxides (SItO) show silico nti-
To understand the relation between opto-electronic properties and crocrvstals in an oxide ititrix'. Simpile, reliable characterization of
microstructure, we have grown pc-Si films from SiF 4 with H--dilution tite Contposition of this tw' p)haSe 1tleriil has lii-ett a iroblem. Ellip-
using plasma-enhanced chemical vapor deposition (PECVD). The sometric rteasuientt of ilic ref'activ- index is a cotnvctnient niethod
substrate temperature and SiF4/H2 flow ratio were varied from 200 to 350 for characterizing SIlO filni. Fili comlosition catt be related to the
'C and from 0.09 to 0.5, respectively. The crystallinity and crystallite size refractive index by Bruggentan's effective medium approximation. It

this Paper we demotrtt'ate correlation of lihn compositions obtainedwere evaluated by Raman spectroscopy. The elect-ical conductivities lie by this technique with those obtained by Auger electron spectroscopy
in the range from lu"1 to 10.2 S-cm " (a-Si to pc-Si). The highest (AES) atid Ilutherford back scattering 1(l:IS). "se further demonstrate
conductivity of pc-Si is much higher than that of rolvcrystalline silicon regimes of I.PCVD growth where simple correlation of film composition
(poly-Si) grown by conventional CVD (-10' S.cm 1 ) and is not with [NO]/Sitl,] gas ratios are and are not reliable.
exp.ained by the traditional conduction model for poly-Si [3].

HI.6

HI 3 HEMISTRY AND SOLID STATE PHYSICS OF MICROCRYSTALLINE

SUBSTRATE TEMPERATURE DEPENDENCE OF THE RAMAN LICOc . Stan Veplek, Institute for Chemistry of Informa-

SPECTRA FOR MICROCRYSTALLINE SILICON FILMS ton Recording, Technical University Munich, Lichtenberg-

PRODUCED BY REACTIVE MAGNETRON SPUTTERING trasse 4, D-8046 Garching-Miunich, F.R.G.

C.Wang, G.N.Parsons, E.C.Buehler, G.Lucovsky and Firstly, I shall discuss the various preparation methods
R.J.Nemanich, Department of Physics, and Material Science and or the deposition of micro- (nano-) crystalline silicon
Engineerng, North Carolina State University, Raleigh N.C. 27695- .'tth emphasis on their merits and demerits regarding the
8202 .ontrol of material's quality and possibility of scaling up

o large area applications.
Microcrystalline silicon is typically deposited at low temperatures The talk will concentrate on the fundamental understan-
by glow discharge, using a hydrogen to silane ratio greater than ling of the parameters controling the structural, chemical
10. We have used reactive magnetron sputtering, with a substrate nd related physical properties of the deposited iuc-Si. The
temperature (Ts) between 240 0 C and 6500 C, and a hydrogen ormation of a pure microcrystalline phase requires the de-

pressure of 0.4 mTorr to deposit amorphous and microcrystalline Dosition to occur close to the partial chemical equilibrium
silicon films. Raman spectroscopy was used to investigate the .t the position of the substrate. The experimental possibi-
vibrational spectrum, and hence, the amorphous or crystalline lities of establishing such conditions will be outlined. The
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pure microcrystalline material free of amorphous tissue can amorphous insulating fluorine doped silicon oxide tissue. The
!e deposited via chemical transport in hydrogen plasma. The
:-eaction mechanism and the rate determining steps of the de- formation of silicon dusters within the amorphous SifL:H:F
nosition will be explained on the basis of experimental matrix, resulting from a segregation process of the oxygen
acts and outlined theoretically, and fluorine atoms, is also discussed.
The chemical and physical properties of (ac-Si are direct-

ly related to the structural properties of the material and,
in particular, to the nature of the grain boundaries. There- H1.9
fore, the control of the structure of the grain boundaries
and the lattice dilatation will be outlined first. It will PREPARATION OF CRYSTALLINE Si THIN FILMS BY
be shown that the bond length dilatation within the grain SPONTANEOUS CHEMICAL DEPOSITION
boundaries is the origin of many physical properties, such TOHRU KOMIYA, AKIRA KAMO, HIROSHI KUJIRAI, ISAMU
as electric conductivity, optical absorption, elastic and SHIMIZU*, AND JUN-ICHI HANNA
taman scattering of light. It is also the origin of the in- Tokyo Institute of Technology
corporation of oxygen into the material during its long term Imaging Science and Engineering Laboratory and
exposure to air. This problem can be easily avoided by the Graduate School at Nagatsuta*
application of a negative bias during the deposition. The Nagatsuta, Midori-ku, Yokohama, 227 Japan
resultant compressive stress in the films strongly influen-ces their physical properties. We have established a new preparation technique

for the preparation of Si thin films based on aHgas phase reaction of SiH4 with F2 at the reduced
ELECTRONIC AND STRUCTURAL PROPERTIES OF pressure. This technique provides us a variety of

the films from "amorphous" to "single crystalline",ei:lFILMS PREPARED BY RF GLOW DISCHARGE i ptxa anrin epitaxial manner.
WITH HYDROGEN DILUTION. S. Alj,,ii. Slt .liii. M. Stutz-
m:ii. and L. Lux: Mx-Plaiick-hu.,tittit fini FstkIrlvrforschung. 1,"i- Microcrystalline films could be deposited on the
nlbrgtr. 1. D-7otl Stuttgart 80. F.R.(; glass substrate at the rate of 12 A/sec under the

condition of SiH4(100%, 30sccm), F2 (10%-
He,30sccm), Ts-340 0 C, and Pr...=550mtorr.Total lphotoelvctron yield s!,ectroscopy, lhototherial deflection The transition temperature from "amorphous " to

.. "microcrystalline" shifted down as a gas flow
)tcctroscoliy and the constant photocurrent technique are utilized to ratio, SiH4/F2 was decreased or the pressure was

evaluate the electronic density of bandgap states (DOS) in j/c-Si:H decreased. Even at the temperature of 5050C on the
nin- prepared Iy RF glow discharge in Sill, diluted with H2 . The substrate, the films could be prepared at the rate
spectra provide a measure of the defect density in the amorphous of 30 A/sec when the flow ratio of 2 was selected.
matrix and the degree of microcrystallinity and show strong correla- The epitaxial growth of the Si films was observed
tion with structural properties of the films (microcrystal size. volume at the same condition for preparing the
fraction! as measured by Ranan and X-ray diffraction spectroscopies. microcrystalline films on the glass substrate when
Ramai, measurements are also used to identify the hydrogen bon- the Si wafers treated by the RCA cleaning method

and then dipped into HF solution were applied asding configurations in the material. Three series of films are grown the substrate.
to study the effects of the H2 dilution ratio, substrate temperature.
and RF power density on the structure and the DOS. Comparisons The experimental results suggested that fluorine
are made to un-hydrogenated microcrystalline films prepared by high played a very important contr ibut ion into the
temperature anneals of a-Si:H, relaxation of the Si-networks on the growingsurface, leading to the crystallization.

Hi.8
Hi.10

TE FORMATION OF SILICON CLUSTERS IN PE.C.VD. SiO:H' ALLOYSand J. Figueiredo; Centro de Fisica Molecular das MICROCRYSTALLINE SILICON FILMS PRODUCED BY
RF MAGNETRON SPUTTERING AND THE EFFECT OFUniversidades de Lisboa, Instituto Nacional de Investigacio DIFFERENT AIMBIENTS ON THEIR CONDUCTIVITY.

Cientfica, Complexo I (S.T.) Av. Rovisco Pais 1000 Lisboa Ratnabali Banerjee, A.K.Bandyopadhyay, S.N.
PORTUGAL. Sharma, A.K. Batabyal and A.K. Barua; Energy

Research Unit, Indian Association for the
In this paper we report on the results of a study of a new Cultivation of Science, Calcutta-700 032,India.
Si.O".HF allay produced by Plasma Enhanced Chemical Vapour Hydrogenated microcrystalline silicon films
Depositon in SiH4/F2/Ar gas mixtures. The oxidation of these were prepared in an rf magnetron sputtering
films, associated with residual oxygen and oxigenated system using a single crystal silicon wafer
compounds from the fluorine container (Matheson gas with (4" diameter) target. The sputtering gas
98% of purity) and to the etching of the Pyrex wal of the was a mixture of argon nd hydrogen. Highly

conducting films (-10 T --- cnf with low bonded
deposition chamber, is enhanced by the presence of the hydrogen content (-- at %) were obtained
fluorinated species in the active discharge zone. at fairly low rf power density of 1 .2 W/cm 2

for high hydrogen partial pressures. The
The optoelectronic and structural properties of these alloys target voltage increased with increasinghydrogen partial pressure when the rf powerare coherently interpreted taking into account respectively was kept constant. The effect of variation
the results from dark conductivity and optical absorption of gas composition with constant power density
measurements and from X-ray diffraction infrared and and constant target voltage was compared.
Raman spectroscopy studies These results have shown thatfilms produced with a P2/Sil 4 gas ratio (r) lower or equal (-1 . cim - ) , an increase was observed n
than 0.4 are amorphous semiconducting Si.O.H:Y alloys, the conductivity (more than two orders inwhereas films deposited with r2 0.5 exhibit a multiphase magnitude) wien left in ordinary atmosphere.
structure consisting of silicon clusters embeded in an The effect was stalled in vacuum and got
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accelerated In a3 simulated hum Id ambient. Systems Canada, Rexale, Ontario, Canada.
In contrast to that observed for hydrogenated
amorphous sil icon films, the cffcct was not We have studied the structural and electrical characteristics of 25reversed on anneal ina in -vacuum -It I5O'C,/j00-C. nm thick undloped and indium-doped CdSe films deposited onThe ils wln iitia coductvit of o- L- lm-I glass substrates. Transmission Electron Microscopy has revealed
conduct iv, A hs Lmo.il Cale i that the as-deposited films are microcrystalline with a grain size

-10 nm. Distinctively different grain growth has been observed
in the doped and uncdoped films after thermal annealing. GrainH2 .1 Tgrowth in the undloped CdSe was found to stop when the

':NEAR AND NONL!KEAR OPTICAL PROPER.IFS OF aeaegansz eaeeult h imtikes
QUiANTUM SEMICONDUCTOR CRYS2?ALLITES. Louisaeaegansz eaeeult h imtikes
Brus, A7&T Bell Laboratories, Mura Hil Enhanced grain growth has been observed in the indium doped

N~j. CdSe. In contrast to undoped films, grain growth in doped CdSe
Pcvderb of purified il-vi semiconductor is not limited by the film thickness but depends primarily upon
crytaalites, with a narrow size dist ribution annealing time and temperature. An average grain size larger
and the suirface chemically bonided to chosen than the film thickness has been achieved. Furthermore, anorganic species (ie. "capped"), can beabomlgangotreuiginriswthizs ucprepared timing inverse micellIe andabomlgangotreuiginriswthizs uc
organometallic reactions. The crystallitra larger (>20X) than the film thickness has been observed. The
show a three dimensional quantum size effect, density of these grains, their crystal structure and TEM
wzith a partially discrete electronic observations of in-situ annealed films will be discussed. The
absorption spectrum and an apparent band gap possibility of obtaining lrearea single cytal CdSe will also be
tilat increases with decreasing diameter. The discussed.lagcrs
crystalli±tes are4 structurally characterized
by NMP I TEM. x-ray, and Raman methods. h hne eitneo h nimdpdC~ o aiuTransient photophysical hojle-burninc cpticAlThchnereitceoteidumopdCefrvaos
measurements reveal the homogenocus electrode spacings was characterized. After annealing the
absorption spectra of indl vidu.a I resistance decreased for short (<25 lam) electrode separation
cryztal2.ites. Psec and shorter tran-, en't whereasit increased for larger ones. Possible explanations of our
aibopt ion experiments probe the nion) iLucAr results will be presented.
response to intense resonant and nopiresonant
optical Pulse$, and the fast excited state
relaxation phenomena. H2. 4

A STUDY OF THIE PRESSUR[E-I.NDUCED PhIASE TRANSI-
H22TION IN BULK A.ND NA.NOCRYSTAI.1.NE (CdS. Xue -Shli Zlrao.

H2.2 Q *r ~3 M /FOA~Z John Schroeder, P.D. Pcrsans anid Enlian Lut. Physics Deartment.
Co~~~~~AND~SZ Cd0FIr Hc',. £'j id rtnZ,1 Rensselaer Polytechnic Institute. Troy. NY.

0' . a? !,!s wee'uTn e-un i,intt of Scei',t',

fit. ) o 76j().!rwWe have used resonant Ramian scattering induced by pressure
£ in rodeoos'tiorr of CdS ard CdSe fron riot) aqueous tuning to study the pressure- induced phase transition in bulk and

Iis!t5coirta~nincj a Cd so~t arid e&enitr; td S or Se gives 6 jim diameter colloidal micocrystallite CdS. We observe that bulk
tra~7reitadherent films niade up of aggregates of ca 5 CdS undergos a well-defined first order phase transition at 27 khar

riV crvstalites 1 hese films exhibit a blue shift if, ther oPtical and that tfie intensity' of the zone-center LO phonon Raman scat-
daufnptjon spectra of ca 0 2 ecV due to 3 d~nnernsional siCe tering increases when the level of the intermediate state (bound
qu~antization in the individual crystalilites This blue shift occurs exciton 12) is close to the photon energy. Above 27 khar the Raman
for films deposited fromn ele(ctrolytes containing a strongi', scattering and photoluminescence completely disappear. The phase
odsorb.! n anion (e g Cl ,. I but much ies, so, or not at all, to' transition in colloidal CdS is quite different from the bulk. There is
trhose w-th a weakly adsorbing anion (e g CIO :~ ) We discuss a no sharp transition; it appears to occur over a wide pressure range
mechdi-nsrn for the growth of these microcrystalline films up to and above 50 kbar. W~e attribute the different pressure be-
basled on the anion asrtopoetishavior in colloidal CdS to the effect of surface reconstruction and

adsoptin prperiessurface distortion energy in microcrystals. Both bulk and colloidal
While these layers have a high electrical resistance due, at CdS reverse to the original wurtzite phase after the pressure is re-
least in part, to the poor electrical contact between individual leased.
crystallites (which is the cause for the size quantization),
photovoltaic activity is obtained in a liquid -junction H2.5
(photoelectrochemical) configuration This behavior can be (jII ).1)4 1 IO I
understood ir. terms of the intimate contact between ii51f1i\(i-tiLFlsScS10 di'-i ic(
electroiyte and individual crystallites in the mcroporous ISt i \iit 2!' E(I I ki I n~in~ ('00
semiconductor film. A change irom n-type to apparent p-type liiikuh.I 'Ii i 305i Jain arnd "I I ti' Si rUi ~ lx.l
behavior often occurs after etching the films in dilute HCI. This I -- ni-in . t ikl~ 1iiarak i15 linn nt' .n

of isoated 1'Iiiknawai Isukutni kt-sv-nin Lab.. llamarintlru Phin o sli Kis treated by considering the films as made up of isoatd i~kulia fiurak, 30.15. Iilnuin
colloidal crystallites with little, or no, band bending in the
film TIme' resnI ed pliiiroluiiilescence stwel ra of' (ri1se

sri rr 'stals in br-C, ginss matr ice %(r- ncasiiri'i at liq.optical properties of the films, including variation of the blue N. iirsli'ernture. Thle sizie of ml crocrysta Is iii cn-iinr n d
snift with preparation conditions and correllation of i) vary inrg the ianineailing temperaiture and 1tie duratlio
absorption and photoluminescence spectra will also be tI Me. The average sizes of contained cryst as in
treated sanples were' li the range bet ween 3t-16l tb f it bonnwer.

I-or I he exci tat ion of phi (itumi nesei'nee. zst4.-ni Itiiie of a
rode, !,cked Ar' laser which has about 5tlps pulse widthI and

H_2 . 82Mltz repetition rate was used.- The steady-state
STRUTURL AD EECTICALCHAACTRIZTIO OF phloiuminesci'nee spectrum shows two peaks. Both peaksSTRUTURA AN ELETRIAL CARACERIATIO OF s hift tco higher energy side with decreasing the crystal

CdSe THIIN FILMS. Miltiadis K. Hatalis, FuyuLin, Lehigh size. The iuminescence in higher energy side may
University, Bethlehem, PA; and Michael"R. Westcott, Litton correspond to the edge emission in a bulk crystal. The

decay profile of this emission involves a fast decay
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component which has simillar shape to the exciting light Standard NIOCVD type reactions have been carried out wsithin the pores of
arid two slow components. The shapes of spectra at both c-Nstalline and amorphous hosts to form smal' paricle Ill-V and ll-\'l

saros timas bftrectto oro hne hsfc semicondu-ctor'. These "Size Quantized" semiconductors have been studied
shw ha oh fast and slow decay' components are b% solid stale rnttc angle spinning (MAS) NMR. UV-Vis and IR

originated by the trasition between the same energy etocpa ela -a i~aco tenizt orlt tutr
evelIs. The decay times of the Slow components T*Id seroopawllsX-adfrctn anemn ocrelt tutr

T inec-ised with decreasing of tile crystal size. In propertx' relationships. Details of the synthetic methods as well as the
the sample containing crystal which has smaller diameter results of both spectroscopic and diffraction techniques will be discussed.
than the effective Bohr diameter of the exciton fin a bulk,

d- one of the slow component disappeared. The time- H2.9
integrated intensitx' ratio hr/It increases with increasing
crystal size. This variation occurs intensively in the THE PREP'ARATION OF COLLOIDAL IIIhV
samples which contain smaller size crystal than d1 . SEMICONDUCTORS IN AQUEOUS SOLUTION. Toby I
Ttiese variation wIll be discussed with the quantum Cumberbatch and Michael D. Spencer, Engineering Department,
confinement effect for excit on. Cambridge University, Cambridge, England; and Andrew Putnis,

Department of Earth Sciences, Cambridge University,
H12. 6 Cambridge, England.

OPTICAL PROPERTIES OF 17-%1 SZIICOND\ T.qTOR.D OPEj)
GA.,SS, P. er-ans, An, TI-, T. Dr- ol M. ewis, &%d R.. Red- Colloidal suspensions of indium arsenide (InAs) and gallium
wing, PhysicE Department and Center fo- in~tegrated Electronics, arsenide (GaAs) have been prepared by passing arsine (AsH3)
Renssela-.r Poly'technic Institute. Trov, NY 121 Su through dilute aqueous solutions of the metal nitrates. The

Ve iscss he ffets f sze nd lecronphoon rte I, . ossibility of producing ternary materials such as GaInAs is also

cr, the electronic pr mtrszdoperties of isolated nanome-ste being investigated. Small aqua-ligand exchange rates (loglok,,,:
i;c n:,:onductor particics embhedded in gaLss. Optical tbaorlpttoni anc, Ga 3* 3.3; 1n

3
+ = 4.3) coupled with a low concentration of

VAw photclurrninescence exiperiments have been peformned on a Series arsenide anions make the rate of precipitation very slow. As
of samnplel of glass containing .dSe microcrystals in the temper, expected, no reaction was observed in an aqueous 'aluminium
attire, range or ~7-3K htomodulated transruission mecasutre- solution for which loglokex,: AP* -0.8. To increas'e the
mients have also been carried o-ut. For pullp and probe photonl

eneg~e wihin200meYaboe te bnd-dgewe bseve hotin- nucleation rate, mixed solvent systems have been investigated
duced bleaching which we attribute to z. band-fillin& mechanism. as a means of increasing the ligand exchange rate, as have
The data show thtt there is a blue-shift of the band-edge due to alternative sources for the arsenide ions.
t ea jam'um is~ze effct, bcut the photolumninescence peake and pho-
toinduced transmission peak~ widths are much broader than theory Examination of the precipitates by transmission electron
;-edicts fzir bulk~ samples. The Urbach tail width in optical aVatils r

so~~n sows the same ty'pe of behavicr. It has beeni found that Mi .croscopy shows that the microcrystallinepatce ar
bot'h hornogeneous azici menomogeteous mechanisms contribute to uniform, with an average diameter of 15nm, and of single

brair~8 of -he optica2 spectra. We attempt to sep aate these phase. The electron diffraction patterns were indexed to InAs
e ecnip-is by studying the termpc--ur deedenece of the and GaAs and in agreement with the corresponding X-ray
rchtal,. cw phot.mncec and phot~oinduccd absorption.

7'eac meamurcrnc-.tF have been ca:ried out on. maerjpls which have diffraction powder patterns.
:)een FtraCtUarallV eharaterized by r nurnbe of techniques including
x-ray diffrartior:. srnall-angle X-ray scattering, electron microscopy Optical absorption data from an electrophoretically depos. ted
and Rarrnan sattering, layer of GaAs confirm that the material is a semiconductor with

a band gap of =l.45eV. Low temperature photoluminescence is
F2.7 being used for a more detailed analysis of both materials.

AM I = CA AND C HARA C T RI 7,T1_ C> S-UXDIES OF
SE-: D'-_ R-,tPBC.ATEfl POROUS vyCOR CASS. E T_ . 1

C A. iLtt-_er#, T. E. iber-, A. P. Salzoerg and J. A. Til !,M)'V, 1, -,) tl&IIILITY 01, MIIMRCRY-
Perez, 1

s'partrient of Ph-ysics, University of Puerto ( .44JINE SIlLICON. - r . *l
RICOe, L110 Piediras, PR< 00931 . Ittit it,'~ I

N Ie semti coniductor-s ilica earipos ites have been
fabricated fron porous Vycor glass of S0 A It i i ttI~tt ~ i'tit

cn-aractristic pore diamteter. The Vycor glass is . . ' .'t'e- Wiv iIt t> 0-tll-'\, "111i

1TT-prer-ate by Pressure forcingt th-e non-wetting tilt qitest iti Iv tsti\ u~ric- tl tiitiistiittt Ittoill cjli :dt
Senicordjector melt into the anterconriected pores. M'wiiil T\isi i . to ti,srrl _,rmth I ilt- i-Si

tnseiconductor mesh-like microstr-uctures can be s(-\e1toi i' \%rel ilt lvii-,v~ii. Tuel( key re-ti t i..Or
fanricated by tnis techntique. C-aracterization l'Itgiti rotit lisrkiils cr.stailluiii andt prolliote-I!. li

tr-asurer.<nts on seleniums-, tellurium- and preliminary Vytlii rttt iii.
results or. aalliuni, ant imniude-aioreona ted Vycor snow 'To litll-Srll titi Siltilit v of wi-S! % itoel 011si tilt
thne carposites to be suitable for btoth- optical and equtilil-ritiitlet -itvl ptc-SI -iti' a -Si:ll i nitrix. TFic:t
electrical transport studies, part icularly those wi 'ci inliteriil ittlilains Ithree Ji-es, i.e.. lic-Si, a nS~ id 11' , \\e(
specific interest in quantum confinement of carriers tistr il t.e condtitinis of ic-existec oltCtf thte thlree phlwL'v'
in t-s t-.-Pe Of materials.ititiiIiirfIleseoftleIicnrtl tilfliilvd0

H2. git Isitldiri, it tihe a-Si:I . The imst staltie coitfiguratin
l.I~~ - tilt; en rs to lie toiri whIiere liv d rttger -free tiicrocrvst als are

!;i.- STRVC1"r.ik-tL AN OlIkJAL CIIAR..WlFRIZAT1lO eritletidet it, ant ;-Si:il I nt rix'that is sattirtied withI 11.
\Ji l'.\RFII Ill-% .i'lca)_IXCOR C-L'ITRS 'r Itis work i ,suSipp orted b Ith.le 1Electric I o or H eset rch

t1 IDI) IN f'IJROLiS IIOS .S Jamie., E, Mac Dineill. lllim.iittie
.\: T. A. Ifarrisimn. (:tlr. 1) Sticte, Deparnient ot

I tttersitv ofi Califoirnia, Sata Barbara. C.A. Noran I triton.
V an,_ -ntral Re:.earch and Development Depritment. E. 1. duPonr

nnutan' C-o.. Wilminton. DL: K~arin \Tiler, and Thomas Bern,
ljeottrtmenr oft emistry,. University of New Mecxico. Albuquerque. NM.I

295



H2. 2 H3 .4
MICROCRYSTA[. SILICON FILMS PREPARED BY REMOTE PLASMA CVD ROLE OF HYDROGEN IN THE PROCESS OF EXCIMER-LASER-
Sung Chul Kim, Jung Tas Hwang, Seung Kyi Lee, Chang Young INDUCED CRYSTALLIZATION OF a-Si:H. K. Winer R. Bachrach, R.
Jung, Sung Noo Soe, Sung Ok Koh, Kwan Soo Chung, Jin Jang Johnson, S. Ready, G. Anderson, and J. Boyce, Xerox Palo Alto
Dept.of Physics & Dept.of Electronics, )yung Hee University ResearchCenter, PaloAlto, CA.
Dongdaemoon-ku. Seoul 130-701, Korea

Hydrogen evolution spectra and hydrogen concentration depthHydrogen dilution in a glow-discharge silane plasma is known profiles are correlated with carrier transport and average grain
to prepare microcrystal silicon film at low substrate size measurements in order to investigate the role of hydrogentemperatures(200 - 300C). We studied the appiication of the in dopant activation and grain growth upon crystallization by
remote plasma enhanced chemical vapor deposition(remote pulsed-excimer-laser-induced surface heating of hydrogenated
PECVD) to the growth of intrinsic and doped microcrystal amorphous silicon (a-Si:H) thin films grown by plasma-enhanced
silicon films. Lucovsky's group has developed a remote PECVD chemicalvapordeposition.
technique, in which plamsa generating region is connected
upstream of a remote deposition chamber. Silane and Hydrogen depletion from a-Si:H occurs only above a well-
hydrogen mixture are introduced into the downstream reactor defined laser energy density threshold, increases slowly with
and helium passes through the plasma generating region, increasing laser energy and shot densities, and is enhanced by

the presence of dopants which is to be expected from the Fermi-In the present study the influences of deposition level-dependent hydrogen diffusion coefficients observed in
temperature, hydrogen dilution ratio(H2/SiH4), discharing bulk a-Si:H. While the average grain size increases monotoni-
power, and total pressure on the structural, optical and a verg a nsi i nces s nearnielecricl popetie oftheSi hinfils pepaed y a cally with increasing laser energy density and is nearly
electrical properties of the Si thin films prepared by a independent of dopant concentration, the room temperature dcremote PECVD. The results are compared with the behavior in dark conductivity exhibits a sharp transition marking the onset ofthe glow discharged microcrysta] films. The growth of d

icrocrvstal Si is enhanced by increasing the hydrogen dilu- crystallization and dopant activation at laser energy densities
tion ratio, rf power, and by decreasing the total pressure, which decrease logarithmically with increasing dopant concen-
It was found that microcrystal Si films were grown over the tration.
deposition temperature range 200 - 300 °C when the hydrogen
dilution ratio was higher than 30. The deposited A comparison between the rcle of hydrogen in the process of-microcrvstal Si films show a sharp Ramen peak near 520 cm' excirner-laser-induced crystallizati.n of a-Si:H and the growth of
and only 2090 cm-1 Si-Hz modes in the infrared optical microcrystalline silicon by hydrogen dilution will be made, and a
"',-orption and high room temperature conductivity of >IS/cm. model of hydrogen incorporation in silicon based on a simplified
"I2 roles of hydrogen and helium on the growth of Si-H phase diagram and chemical equilibrium principles will be
microcrystal Si will be discussed, discussed.

H3 .3 H3.5

rPALTAL-LIKE STRUCTURES PRESENT IN HYDROGENATED HYDROGEN PASSIVATION OF UNDOPED AND DOPED uc-Si.
,tMORPHlOUS AND MICROCRYSTALLINE SILICON. M. tutzmann, C.P. Herrero, M. Ingels, and A. Breitschwerdt, Max-
P.C. van Oort, J.C. van den Heuvel, M.J. Geerts, Planck-lnstitut fdr Festk6rperforschung, D-7000 Stuttgart 80, FRG.
Delft University of Technology, Faculty of We have investigated the effects of hydrogen plasma treatment on
the Netherl ands. the electronic and structural properties of doped (n- and p-type) as

well as undoped microcrystalline silicon. Samples were prepared by
The film surface of a-Si:H and uc-Si:H films etched recrystallization of a-Si:H films at 8000C. For the characterization of
in a hydrogen rf plasma were examined by using the samples before and after passivation we have used IR reflectance.
scanning electron microscopy. Hydrogenated amorphous spectroscopic ellipsometry, photothermal deflection spectroscopy, and,l icon (a-Si :H) generally is regarded as a material Raman scattering. Results on subgap absorption (defect and freeconsisting of two phases. One phase of a high carrier), free carrier plasma reflection, and on the local vibrationalelectrical qual ity and a ow structural disorder, modes of dopant atoms and hydrogen will be presented and discussed
elaectricalaseofpoor quality, andalucntaldi, ain terms of corresponding results in monocrystalline silicon.and a second phase of poor quality, containing a
lot of hydrogen and many microvoids. This phase
is of a low structural order. A hydrogen plasma is H3.6
able to etch a-Si:H at a rate of I A/s. The etch
rate of microcrystalline silicon (uc-Si:H) is .. . . ..
0.2 A/s. The uc-Si:H is a mixture of crystals . .:.
imbedded in an a-Si:H matrix. This difference can , .. -.' " . - - - ....
only be explained by the fact that the crystals, a ":dpan
material of a high stuctural order, are practically
not etched. Due to the fact that a-Si:H is a , c '&ac :ons a:.o !el: o:trc have heen
mixture of material with different degrees of inveFtiqated on the qjov.'th of crystal ~oe S n
structural order a coarsened a-Si:H film surface is it at suo-stiate ,em.pe-ature s low as
revealed by SEM after etching a-Si:H films in a the pu-pose of deve'oping preparation technioue of
hydrogen plasma. The structures visible are S . thi. fi for the eiectronic devices requiring
fractal-like. The same is found for uc-Si:H films. -a-ce area, i.e., display devices, sensoc: or solar
The amount of fractals and the size can be changed
by adjusting the deposition conditions, influencing
the microstructure of the layers. The fractals in The precursors given in the form of SiHnFE,.n'm:3)
uc-Si:H form a closed network. This is an were made by decomposing a gaseous mixture of SiF4
indication that the fractal-like structures are and H2 by plasma or mixing F- with Si 4H. By
crystalline. supplying atomic hydrogen or F-related agents, c-Si

thin film was grown at a growth rate of more than
20 A/s with these precursors on the substrate at
such a low temperature. Si-epitaxy was performed
on a c-Si(100) substrate at 300 oC with the aid of
the topological restriction on the substrate
surface. Some local equilibrium is considered to
be preserved between sticking and chemical etching
for these precursors to promote the two dimensional
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crystal growth. Highly ordered structure was layer structures at temperatures up to I000*C. The Si laser thick-
observec in the ep:-Si fzlms by the measurements ness was varied from around 4 nm to 10 nm. Crystallization tem-
w-th RHEEL, X-ray d:ffraction and Raman scattering. perature measurements confirm our previous result that thinner
,al mobili "ty of more than 150 cm-/Vs was also lavers are more stable against crystallization. Studies of optical
obtat.ned in the epi-Si film. Chemical affinity of phonon Raman scattering peak shift and broadening through differ-

n-e surface was also assessed as an imoortant ent annealing stages have been related to phonon coherence length.
faLtor for the epitaxial growth since it was Comparable peak shift and broadening of different samples at dif-

p difficult to make the epi -Si from the precursors, ferent annealing temperatures and pro ressive shift and broaden-
SiHnF m, on e:ther CaF 2 or Sapphire with the lattice ing within one sample reveal the growt dynamics of microcrystal
cnstant smtlar to that of c-Si. We will discuss grain boundaries. Optical transmission and photothermal deflec-
tno concept of "chemical annealing and sintering"in tion spectroscopy studies have also been performed to extract the
.espect to tne structural relaxation for making volume fraction of microcrystal Si. We model the whole system as
c-ystalline Sa-network ar low temperature.. amorphous/microcrystal composite and discuss the nature of grain

boundaries and thin film stability.

H3.7

EFFECTS OF HMDAE ATMS ON PAZSIVATION AND GROWTH OF MICROCRYSTAL.INE

SI. Toshimichi ITO. Tatsuro YASUMATSU and Akio HIRAKI. Osaka P.. ... TIO STUDY OF :AtNCRYSTALLIL'E FYDROGE tATED
University. Suits. Csaka. Japan. and Hirokuni VATABE. Matsushita -Oc"Ioc ',. L. Chen and J. Tauc, Brown University,
Electric lndustrial Co.Ltd.. Osaka. Osaka. Japan. Providence, RI; Z. Vardeny, University of Utah, Salt

b Lake Cit'', UT.
Because effects of bonded H atoms Ln Si surfaces are important to

understand passivation effects as well as growth mechanism of Steady state and transient photomodulation (PM) spectra
microcrystalline Si. we have investigated H-covered micro-surfaces of were measured in nanocrystalline Si:H (nc-Si:E) films
crystalline Si by means of infrared spectroscopy. diffraction in the spectral range from C.25 to 1.25eV, temperature
technique and thermal analysis as well as a cluster calculation of te c ae from .25 t o from te -ert
molecular orbitals. The system treated here includes anodized porous rae e rytalline an ie o f the sp
crystalline Si which has huge surface area (-200 - 800 i/cam) lCsec. The crystalline grain size of the samples

almost completely covered with H atom. "
) 

and is compared with micro- varied from 70 to 830,k In the spectra one can see the

crystalline Si:H. Actually. infrared spectra measured show almost the features of two phases: amorphous and crystalline. A
same features for the poruz Si and the microcr7stline Si:H. PM band at high energy (0.8 to 1.0eV) was observed which

is similar to that in a-SitH and is ascribed to the
Calculation results indicate the following: (I) Si bonding to a amorphous phase. Photoinduced absorption La . W.8 was
surrounding Si atom is weaker with increase in number of H atoms seen at low energy (0.25 to 0.5eV) and is interpreted as
bonded to the Si atom concerned: (2 Such weak Si-Si bondings are due to free carriers in the crystalline phase. Their
also easily broken by attack of 0 atoms: (3) Furthermore the decays acove 150K can be described by a stretched
oxidation of the P-covered Si at Si backbonds of Sill. (n-1-3) is exponential La - exp'-(t/T)

">] which extends into much
energetically advantageous, compared with that at the Si-H bonds, longer -rimes than the exponential decays due to the
Experimental results on the initial oxidation process of the porous recc.-inatlon in crystalline Si. A model for trapping
Si." which are clearly shown mainly by means of infrared nalysis and re:cmination processes associated with the
of Si-H stretching vibration band located at 2000 - 2300 cm'. have cresence of the two phases is proposed and compared with
been consistent with the calculation results above. Results on
analysis of isothermal desorption of H can also be explained to e e matl wth aewophs od they as
consistently. Charge redistributions calculated are addressed in
relation to origins of peak shifts of infrared spectra observed. '* " ex:plain why the stead,. state PM response is much larger
Furthermore. the cluster calculation predicts possible stable H sites in n:-Si : than in c-St.
at Si surfaces, or Si-P bondings. From those results, possible
effects of H on the growth mechanism of the microcrystalline Si:H are H4 .1
also discussed.

PROPERTIES OF BINARY Si:H MATERIALS PREPARED BY
HYDROGEN PLASMA SPUTTERING. Sho~i Furukawa

F,2.8 and Tatsuro Miyasato; Kyushu Institute of
A DISCUSSION OF ELECTRONIC OPTICAL ABSORPTION Technology, 680-4, Kawazu, Iizuka-shi, Fukuoka-
SPECTRA OF NANOCRYSTALLINE THIN FILMS. Ken 820, Japan.
E Bustarret. Max-Planck-Institut fur Festk6rperforschung,
D-7000 Stuttgart 80. FRG, M.A. Hachicha, LEPES-CNRS, BP 166X, We have prepared the binary Si :1H materials by
F-38042 Grenoble. France. means of a reactive sputtering technique in

hydrogen gas onto a low temperature (about lOOK)
Both fully crystallized(*) microcrystalline layers with an average grain substrate. The obtained materials were observed
size L ranging between 10 and 100 nm and mixed-phase hydrogenated by optical absorption, Raman scattering, and X-
nanocrystalline silicon (doped and undoped) films have been studied ray diffraction. The former measurement showed
a- room temperature by Photothermal Deflection Spectroscopy, Trans- that the materials have a wide optical gap of up
mission Spectroscopy and Spectroscopic Ellipsometry. The resulting to 2.4 eV, and contain a large amount of hydro-
spectra are compared with similar data obtained on monocrystalline gen atoms. These features are quite similar to
and hydrogenated amorphous silicon, those of the polysilane alloys prepared by di-

silane-plasma CVD (1). However, the latter two
We discuss the various extrapolation procedures used for the definition measurements showed that the silicon atoms in
of an optical gap in such widely differing system. We then focus on the materials are crystallized, and form small
near- and below-the-gap absorption, and particularly on the respective crystalline particles surrounded by hydrogen
roles of free carriers, grain boundary disorder and hydrogen. atoms. From the infrared absorption data, the

hydrogen atoms are bonded in the form of SiH or

H_9 SiH, and the absorption relevant to polysi lane
chains is hardly observed. Moreover, the infra-

t;O\VTII OF MICIOCIYSIAI.INE SI LICON IN ULTRATIIIN red absorption wavenumbers correponding to bend-
LAYERS. Yeun..In_\V', P. I). Perians', B. Abele.,*% Shii-Il.n ing modes shift to higher wavenumber side com-
\'ang*. "Pl*ysic )ept.. len.,.elaer Poyltechnic Institute. Tro\ NY ; pared with those of the polysilane alloys. These

'Esson Reewarrh and Enigineing Co.. Ananidale NJ; "Physics data clearly show the difference between the
Dept.. niiersity of ('hicago. Chicago IL. polysilane alloys and the present Si:H, and

support the microscopic model stated above. The
Mirrocrvstalline silicon particle., of different sizes have been made formation of microcrystalline Si :H by the hydro-
by thernial aiinealing of anorphous silicon/ silicon dioxide mlti- gen plasma sputtering with a moderate growth
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rate may be possible because of a chemical (polariton) is scattered at the particle
process. surface. The decrease in the LT splitting is

attributed to absence of the macroscopic
electric field which would be present due to

14.2 surrounding atoms in the case of the bulk

( T 'TR'\i. I'l\I\\ II 01' . '|.'1("I']:t)('OIVY ., .\ AD- crystal. It is noted that the particle consists
(;NOSTl( TOOL F'OR S'I('ON)1'CTOI NA.NOCJY- of a number of crystallites and that the Raman

Kr.\h. P.M. Fauchet. Princeton '., 'rinceto'n N.1 0,,I.I. spectra are characterized by the particle size
rather than the size of crystallites constit-

]iaiiiaii sped riisciiY has l,,ei used exteiisively tui i e uting the particle. This result suggests that
stigiite the surface phonon - polariton mode at the

Varous propertie of nam crxstaline sen ionducior. sucl as interface between the crystallites plays a minor

siz(. shape. coxmpositi(n. orientation. and strtss. Sitmtjli tl]ories role in the Raman spectrum of particles consist-have heeil develo ed aid applied successfll"y to t he deternliili- ing of a number of microcrystals.
tion of grain size and shape [1I. There remiain several un1Sett d

1sse j. espe t a! v concer111 ,t the imifflience ol er-imill bIiundarie anid H4.5
free surface, on the I'atnan spectrum. It appears clear tiat the POEL'N INTERBAND OP2CAL SPECTRA OF V1COCYSTALUNE
'i b r a t il >n a l p r o p e r ii o f t h e a t o l ni s o n t i e o u t e r s h l l o f t i e. I D B A D C P S M O N U R V , 5 1 I , S ) U S C T HI~ ?inr"~~ ~ o~ ~ ot ~ ~ WIDE BAND GAP SEIICONDUCTORS (V 0O5  AltI, SN) USINC THE
graimns reflect the nature of the bonding at the grain i,oundaries COHERENT POTENTIAL APPROXIMATION. Carolyn Rubin Aita,
%%hich iln turn control the eectronic properties of microcrystalline Materials Department and the Laboratory for Surface
semiconductors. In this presentation. a critical review of Raman Studies, University of Wisconsin-Milwaukee, P.O. Box 784,
spectroscopy as a diagnostic tool for nanocrystalline objects is Milwaukee, Wisconsin 53201.
gi',en. This paper deals with the use of the coherent potential

approximation for analysis of the ultraviolet-visible
H4. 3 optical absorption spectra of several microcrystalline

RAMAN SCATTERING FROM MICROCRYSTALLINE FILMS: wide band gap semiconductors. The spectra of these
CONSIDERATIONS OF COMIPOSITE STRUCTURES WITHI materials, V0,, AIN, BN, have a long low energy

exponential iafl followed by a higher energy region in
DIFF.RENT OTICAL ABSORDPTION PROPERTI S. R.J. Nemanich, which the absorption coefficient varies slowly with
Y.M..eGrice and R.E. Shroder, Dept. of Physics, and Dept. Matenris incident photon energy. The Tauc model, which is based
Science and Engineering, North Carolina State University, Raleigh, NC on a random phase approximation, fails to present an
27695; and J.B. Boyce, Xerox Palo Alto Research Center, Palo Alto, CA integrated picture of absorption -in both regions.
94304 Using the coherent potential approximation (1), we

determine three interrelated optical parameters for
each material: the energy band gap of the perfectRaman scattenng measurements are often used to characterize the atomic virtual crystal, the energy band gap of the disord-

bonding in semiconducting films. One aspect that is often ignored is the ered microcrystalline material, and the slope of the
different optical absorption of the amorphous and crystalline components exponential increase of the absorption coefficient
of the films. A m-iodel is described which addresses the properties of with increasing energy at the onset of the fundamental
Raman scattering from composites of materials of different optical optical absorption edge. The types of disorder implied
absorption. The analysis shows that the observed spectra is dependent on by this model are discussed.

both the percentage of the components and in the domain size of the more
highly absorbing materials. Experimental measurements were made on 114 . 6
composite samples prepared from powders of diamond and graphite. N'1Ot;LINEAF OPTICAL PROPERTIES Or STRCTURED NAIOPARTtCLE
This system is an extreme example of the problem, and excellent COMPOSITES. Meve:" H. Birnboim, Wei Ping Ma and Cuang Mei,
agreement is obtained between the model and the experimental results. Rensselaer Pol'technic institute, Trov NY.

The results are applied to the analysis of carbon films which exhibit
diamond and disordered graphitic structures and microcrystalline silicon of a dilute suspension of structured metal/semiconductor
prepared by magnetron sputtering or excimer laser exposure of nanoparticles that utilizes the surface mediated plasmon
hydrogenated Si. The results were analyzed in terms of the model for resonance can be enhanced by orders of magnitude compared to
Ranan scattering from composite materials. The experimental results the intrinsic x

3  
for a film of the same semiconductor.

reflect the length scales of the domains and vibrational excitations. Calculated enhancements as large as 10' have previously been
reported for concentric sphere polymeric containing
nanoparticles'. Here we report calculations for various

H4.4 nanoparticle models consisting of concentric spheres with a

PHONON STATES IN SiC SMALL PARTICLES. semiconductor core and metallic shell, or a metallic core
Y. Sasaki and C. Horie, Ishinomaki Senshu and semiconductor shell. Other geometries include the

University, Ishinomaki 986, Japan; and concentric ellipsoid and dumbbell models. The semiconductors

Y. Nishina, IMR, Tohoku University, Sendai 980, are CdS and CdS.Sel., and the metals are Al, Au and Ag.
Japan. Enhancements are obtained in both x

(3 ) 
and figure of meritwith no degradation in the intrinsic speed of the

Size dependence of optical phonon frequencies nonlinearity.
and phonon dampings of SiC small particles has
been studied by analysing their Raman data taken ThV choice of geometrical parameters and of component

at room temperature. The particle size range materials permit tailoring of the wavelength dependence and

from 30 nm to 1 0m. The decrease in the bandwidth characteristics of the nonlinear response.
particle size yields the result that (1) the TO- However, fabrication of these structured nanoparticle

phonon frequency decreases, (2) the damping suspensions remains the key challenge.
increases, and (3) the splitting between the LO-
and TO-phonon frequencies (LT splitting) de-
creases. The damping up to 800 K includes a
temperature - independent term besides the
temperature-dependent term which is present in
the bulk crystal. These results, except (3),
clearly show the evidence that the TO-phonon
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H5. 1 properties have been explained by suggesting that the
,ECP<OX::CS AND PiHOTOCVOLTAIC APPLICATIONS OF amorphous state of carbon contains graphitic microcrystals

2:.:CROCRYSTALLINE SiC. Y. llamakawa, G. Hlirata, with extensive sp 3 cross-linking.
Y,.MIatsunrotc, M.l. Uan and H. Okamoto, Faculty of
Encineering Science, Osaka University, Toy-naka, In this study, a systematic approach is being taken to
Osaka, 560, Japan investigate the microstructure, electronic bonding, and the

physical and optical properties of amorphous carbon thin
A review is given on the recent progress of films. The films are grown on Si and NaCl substrates using

he physics and technology of microcrystalline ion-beam sputtering deposition techniques. The effects of
si cen carbide (c-SiC) and their application to hydrogen concentration, sputtering power density and
optoelectronic devices. First, historical -
background of glow discharge 5c-Si and their substrate temperature on the film properties are being
preparation technology transition up to ECR investigated. Each series of films are produced by varying one
(Electron Cyclotron Resonance) CVD are briefly parameter and keeping all the other parameters fixed.
demonstrated together with their physical
properties and solar cell applications as a highly Films vary over a wide range as a function of the deposition
conductive electrode. Second,a series of technical conditions. In particular, the hydrogen content plays a critical
data on highly conductive P and N type tc-SiC role in the properties of these films. The microstructure and
prepared by ECR plasma CVD has been presented the electronic bonding of the films are characterized using
together with their optical and electrical electron energy loss spectroscopy, Raman spectroscopy, and
properties, and also valency electron control- optical spectroscopy. The relationship between the chemical
_abilitv. Finally, recent achievements of opto- structure and the properties are examined. Finally, the
electronic devices applications are presented. correlation between these different characterization techniques

-n the solar rell application field, 15.5% and 12% are evaluated in this paper.

efficiencv have been achieved with the structure
cf ITO/P type tc-SiC/N type poly Si and P type H5.4
.c-SiC!I type a-Si/N type sc-Si hetrojunction cell
respectively. A visible light injection type
Flectrciurinescence Thin Film Diode might also be lI;1HO(PTT()-OITI('Al, I'I(Ol'EITIHS OF ILI(()N-
a prorising optoelectronic device as an (Ull,\.i\NI'.l \I.LOYS. I.1l. (anhell. P.M. FautoIr, 1'rince-
application of Lc-SiC. Possibility of other lan U. Pnrclo i J 085.4: and C.M. Fortmann. D.E. Al-

scev es such as an imaging device will be also bright. 1" Delaware.Vetvark DE 19716.
cverviewed and discussed from the current R&D£spects. l'hloto-('V) is used to deposit inicrocrystallie (pc) and ainor-

phous SiG(Al fil,. Temperature, pressure and hydrogen dilu-
H5.2 tion control tie final hydrogen content, and thus the optical

. ...... ..... -; CR ban gan p ,nd electronic transport. We have identified the condi-
•.A . 2.:.LL:E SC pREPA.E2-:' bions that lead to the targetted 11 content and we have been able

.". r . u, Fiorence BbonceaC to rrdate the filin composition and properties to the deposition
. .nc .e:.z e, .erar~ment cf ater:al chemistry thanks to the well defined gas phase chemistry. The.:7/ n rce 7,~ E ~ e e i. q, Un: ve 'r s o)f

ru, c e e , U vera bonding of H is studied by IR absorption, Raman scattering and
,I thermal evolution, and the I content is measured by Sr4S

and IR absorption.
;. . bi:N thrn filrs have been deposited

.... Jfferent substrates us-ri. metal-organic Fi Si .-;e alovs 11 is found to bond preferentially to Si while Si
Dopants, such as E,P have beer and Ge mix randomly resulting in a statistical distribution of' ::..:.aucd t he mcecuia leve durig the clusters. At tile highest H radical flu\eteseetv etching of

zreceramic pol-ymer synthesis. After different
schedules, microcrystalline SiC with amorphous" surface atoms leads to microcrystallinity and r-

va::'.ng crystallite size car, be produced. duced 1-I concentration. The etch rate is studied as a function of
the reaction conditions. In tic alloys. H forms polyhydrides at

1sing election spin resonance the major defect the grain boundaries. The electrical transport (measured by the
-n these polymer synthesized ceramics is pr product) of tc alloys is inferior to that of amorphous alloys
:3e..t:ifed as C-dangling bonds. Additionally, having the same Si-Ge composition. The effect on the electrical
te ESP. results show that heat treatment in properties of annealing at moderate temperature to drive off the
S-r.en can decrease the C-dangling bond

ent. Presumably the C-dangling bonds are )olyhydrides will be reported.
el imlnated through C-H bond formation. IR
spectra confirm the increase in H concentration H6.1
proauced through heat treatment. Electrical and
ocptica properties of the hydrogenated amorphous OPTICAL PROPERTIES OF MICROCRYSTALLINE SILICON.
EiC have aiso been studied. Martin Ingels, Martin Stutzmann, and Stefan Zollner, Max-Planck-

Institut far Festk6rperforschung, D-7000 Stuttgart 80, FRG.

H5.3 We have studied the optical properties of pc-Si in the energy range
CHARACTERIZATION OF AMORPHOUS CARBON TIIIN FILMS. between 0.4 and 6 eV by a combination of photothermal deflection
N Ch, KM. Krishnan, D.K. Veirs, M.D. Rubin, Lawrence spectroscopy, optical transmission measurements, and spectroscopic el-
Berkele Laboratory, Berkeley , CA 94720; . Bushan, 11B.M lipsometry. In addition, structural features of our samples were probed

ere Divisonatoy. Benkely, CA 9 720; B. Bugsha, Dept. fwith Raman spectroscopy. pc-Si samples were obtained by recrystal-
R.-earch Division, San Jose, CA 95120; and D.B. Bogy, Dept. of' lization of thin a-Si:H films at various temperatures, in order to produceMechanical Engineering, Univ. of Cal. at Berkeley, CA 94720 pc-Si with different crystallite sizes.

Amorphous carbon films have recently received considerable The optical data indicate that the absorption coefficient in the sub-gap
attention due to their unusual and attractive properties, e.g. region (hi, < 1 eV) is fairly independent of the crystallite size and even
extreme hardness, high electrical resistivity, infrared changes very little across the amorphous-to-microcrystalline transition.
transparency and chemical inertness. These macroscopic Larger changes occur in the energy region between the indirect gap and
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the first direct gap of crystalline Si (E1  3.4 eV). It is also found that H6.6
the width of the El peak in the spectra of the imaginary part, C2, of
the dielectric constant provides a good measure for the crystallite size OPTICAL AND MICROSTRUCTURAL CHARALTERIZATION OF

as determined from Raman experiments. THIN FILM CuInSe, FOR PHOTOVOLTAIC APPLICATIONS.a n a p John R. Tuttle, Davii S. Albin, and Rommel Nouhi, Solar Energy
H6.2 Research Isitute, Golden, CO

ROOM TEMPERATURE EXCITONIC ABSORPTION IN SMALL CdS Thin film CuInSe based photovoltaic devices exhibit efficiecies
CRYSTALLITES. O.K. Rat and Binod Kumar, University of exceeding 14%. he electro-optical and nicrostructur,, properties
Dayton Research Institute, Dayton, OH 45469 of the material are highly dependent on film Stoichirmetry a!,d

deposition parameters, and are dominated by the degree and manner
The absorption characteristics of commercial CdS- of microcrystallinity, such as rough surfaces and secondary phases
containing yellow glass which shows constant transmitted (Cu2 .6 Se) at free surfbces and grain boundaries. Electro-opticalcont inig ye lo glas wich how contan trasmitedandstructural characterization of thin film Culn~e2 as a functio, ofinte nsity (intensity limiting) over a range of incident CW ansutrecrctiatoothnimCneaafctof
lsrintensity (ensity alfetng) hve abeae o de t rm composition is accomplished, in part, by spectrophotometry, Halllaser intensity (at a few watts) have been studied at room effect, and X-Ray diffraction measurement techniques,
temperature. Though the thick specimen (t > 0.5 m) shows
only a broad step-like feature near X > 460 nm, a thin For very Cu-poor material (at.% Cu < 22) with high bulk p, the
(t - 0.09 mm) shows two absorption features which can be electro-optical benavior is characterized by a microstructure of
interpreted as the first two quantum-confined exciton small multi-phase grains of a mixed tetragona!Icubic nature, free of
absorption features corresponding to a crystallite size of secondary precipitates. For intermediate bu:k p's and compositions
-45 A. The absorption spectrum of a sample (t - 0.5 mm) (22 < at.% Cu < 25), the microstructure appears as larger grains of a
' eated for 15 min. at 700C shows two new absorption mixed tetragonal/cubic nature, with an increasing amount of
i:eatures at 440 nm and 380 nm, which correspond to a much Cu2- 6 Se at grain boundaries. The Cu 2- Se may, or may not,

contribute to electrical conduction and/or the absorption of light.
maller crystallite size of -25 A. This reduction in size For Cu-rich compositions (at.% Cu > 25), the microctystalline

is not inconsistent with estimates made from a well-known structure may take on a profoundly different character. The near
model for crystallite growth. Some consequences of these stoichiometric single phase grain is now a component of a mixed
changes in the absorption features on the optical non- phase aggregate that includes semi-metallic Cu 2 . Se sufficient to
linearities of the glass will be discussed. dominate the conductivity and optical behavior. The mixed phase

aggregate is not optimal for photovoltaic applications.

H6.3 In this report, a full discussion of, but not limited to, tie above

'ARTICLE-SIZE DISTRIBUTION OF CdSe QUANTUM DOTS phenomena and their effects on photovoltaic device performance
DETERMINED BY PHOTOLUMINESCENCE SPECTROSCOPY. wIll be presented.
EN. Prabhakar, C.A. Huber," and D. Heiman, Francis Bitter National
Magnet Laboratory. MIT, Cambridge, MA 02139 H6.7

Particle size distribution effects on the energy levels of semiconductor THERMAL ANNEALING OF AMURPHUS CoN'r,NiU FILM.S UN

,luantum dots are investigated. By examining the low temperature pho- uXiDIZED Si SUBSTRATE. 'lar Hui, 'jao -iingue, in
:oluminescencespectraofmicrocrystalsofthebinarysemiconductorCdSe cog, and Han Ying, Xinjiang Institute of Pnysics,
mbedded in a glass matrix, the distribution of energy levels due to three Acaemia Sinica, Wulumuqi 3UUil, Xinjiang,

Jimensionalconfinenentisdetermined. Calculations of the electron-hole c hina; and Lin Cnenglu, and Zou Shi cnang, ion
nair ground state energy provide a relation between confinement energy beam Laboratory, Shanghai Institute of Metallurgy,
and particle diameter. This allows conversion of the photoluminescence Acaoemia Sinica, Shanghai 200050, China
ineshape directly into a distribution ofparticle radii and facilitates analysisofthe otl-ervcd properties of the material. Amor hous CoMnNiu films nave been shown to be a

suitable material for fabricat.on negative tem-
perature coefficient thermistor. Tne CoMnNiO

H6.4 ABSTRACT NOT AVAILABLE films were deposited on oxidized Si substrate by

rf sputtering equipment. A sinter mixture of

H6.5 Co 2 03 , MnO2, and NiO was used as the target. The
sample were tnermally annealed at 55U-iA00 C fcr
4 hours ana rapia thermally annealea at I000-

STUDIES OF FORMATION AND STRUCTURE OF GeS GaSI _-CdS 2u0CC for 30 seconds in 02 or Ar atmosphere.
SEMICONDUCTING GLASSES. Suzanne Barnier, Micheline Gittard, Using x-ray oiffraction, infrared absorption,
Laboratoire de Chimie Minerale, Faculti des Sciences Pharmaceutiques et Auger, Raman and resistance measurements, we have
Biologiques de Paris V, 4 av. de I'Observatoire, 75270 Paris Cedex 06, stuoied te compositions, structures and elect-
France, and Christian Julien. Laboratoire de Physique des Solides, rical properties of the CoMnNiO films, it is
Universit6 Pierre et Mane Curie, 4 p. Jussieu, 75252 Paris Cedex 05. found that the atomic ratio of Co, Mn, Ni, and U
France. is 7:6:2:10. Tne structure of the as-deposited

films is amorpnous state. A phase transitionThe glass formation domain of the GeS2-GaS1 5 semiconducting glasses from amorphous to polycrystalline states 1 oo-
doped with CdS has been studied over a wide irange of composition. The served after thermal annealing at 800-110 C for
temarv svstem has been synthesized by dissolving cadmium sulphide with 4 ho~rs and rapid thermal annealing at iUOU-
up to 40% CdS. Differential thermal analysis is used to investigate the 1100 C for 30 seconds. The analytical results
crystallization behaviourof these glasses. snow that the polycrystalline states are NiMn 204
Structural studies have been done by means of infrared and Raman CoMn2U 4 and CoO. The conductivity of the films
scattering spectroscopies. In these experiments, informations on the aecreases after annealing at temperature below
modifying role of cadmium sulphide additior in the binary matrix have 6UOC and nigner than 800 CC. However, after
been studied. The GeS4 tetrahedral units remain upon CdS doping but at annealing at 600-8000 C the conductivity in-
high concentration a new manifestation of the dopant is the appearance of creases. Using tne CoMnNiO films we have fabri-
S-S bonds. cated the tnermistor, which exhibits a short

responsive time and a good stability.
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H6.8 man scattering spectroscopies of the doped samples as a function of the

TME GRAPHITI ZATION OF k-C:H FILMS DURING THERMAL B2H6 /SiH, and PH3 /SiH 4 ratios shows how the crystalline fraction and

ANNEALING.T= Shuhan Lin, Shuguang Chen, and Danc, thegrain sizedrop with doping. The presenceof phosphorus induces a
A, Department of Physics, Zhongshan University, transfer of the infrared Si-H stretcning mode absorption from the 2100
Guangzhou, China. to the 2000 cm- 1 line while retaining the 111 texture of the undoped

layer. This texture is gradually lost upon boron doping, while the hy-
The diamond-like A-C:H films were obtained from drogen bonding is affected only at our maximum B2He/SiH4 ratio of
the decomposition of acetylene or bezene. 10-2. In this particular case, the rt dc conductivity is 2 f-cm-' and
Annealing was carried out in Ar ambient. The the Hall mobility 15 cm2V-1s - ' for a solid phase density of 1019 boron
optical properties (e.g. the optical gap Eopt, at cm. At the maximum P incorporation (8 x101cm 3 ), the rt dc
'he extinction coefficient K, and the refraction conductivity reaches 30 fl t-cm-1 for a Hall mobility of 55 cm'V-ls-.
index n) were measured by a spectroscopic
ellipsometer. The electrical conductivity was H6.11
provided by dc conduction measurement in planar
or sandwich structure. The structure of the SUPPRESSION OF ACCEPTOR DEACTIVATION IN SILICON BY
films was characterized by Raman spectroscopy, ION IMPLANTATION DAMAGE. K Sikath and Ahok
infrared absorption, and scattering electronic Department of Engineering Science & Mechanics and Center for
microscope. Electronic Materials & Processing, The Pennsylvania State University,

University Park, PA 16802
We found that not only the optical properties,

but also the electrical conductivity, the Raman The introduction of atomic hydrogen in Si by ion implantation or
b spectra and the infrared spectra changed plasma processing results in a number of interesting phenomena,

remarkably when the annealing temperature was including donor generation, acceptor neutralization, and defect/grain
over a critical value. boundary passivation. While studying atomic hydrogen passivation of

The results indicate that the incorporated At ion implant damage in Si, we have found evidence of suppression
hydrogen concentration is an important parameter " acceptor deactivation by the previous Ar implanted surface layer.
in determining the structure and properties of
the films. Once most of the hydrogen has been (100) p-Si wafers of 1-10 ohm-cm resistivity were implanted at room
driven out, as indicated by infrared absorption temperature with 20 keV Ar (1012 - 1015 cm"2 dose), followed by H
of C-H bond, the graphitization takes place and implantation at 0.4 keV from a Kaufmann source to a fluence on the
the microcrystal graphite can be found in the order of 10' cm"2. The samples were evaluated by spreading resistance
annealed samples. It is the structure change as well as the properties of subsequently fabricated Schottky contacts.
which causes the properties change of the films.

Spreading resistance measurements indicate deactivation of acceptor
H6.9 dopants on samples that were hydrogenated without Ar implants, as

krPARATION AND CJ ARACTERIZATION OF COLLOIDAL has been widely reported in the literature. The depth of the acceptor
N o= MlCROCRYSTALS, E ', P.D.Persans', A. Ruppe:t deactivation is about 6pm, while the surface concentration of holes
P.nd R. Chianelli -Physics Department, Rensselaer Polytechnic drops by a factor of 200. However, the deactivation is considerably
Institute, Troy NYi -Exxon Research and Engineering Co., Annan- reduced in samples that were pre-implanted with Ar, and is almost
cr2r. NJ. fully suppressed for an Ar dose of 10 5 cm 2.

Transltion metal sulfides, such as MoS2 , consist of two- The results tend to support the presence of Si microcrystallites in ion
dimensional chaleoen-metal-e.halcoqen layers which are weakly pp p
bonded to one another in the third dimension. Their optical, elec- implanted (but unanneated) layers, as well as the passivation of their
tronie and mechanical properties are therefore quite anisotropic. grain boundaries by atomic hydrogen along with the suppression of H
These nawerials are aso of wide practical interest with applications migration further into Si by the microcrystallites. Additional results to
including lubricant additives, battery electrodes and hydrotreating be presented include the effect of hydrogen implants on polycrystalline
:atalysts. Si deposited on crystalline Si, and dopant-implanted crystalline Si.

We have prepared MoS2 microcrystaine colloids by a variety of
technioues Including direct chemical synthesis and chemically, ther-
mally a~nd ultrasonically.aided splitting of larger crystals. We' have 16.12
performed temperatur-dependent optical absorption, photolumi- ENHANCEI) NONLINLAI: OPTICAl. ItESI'ONSE OF ('OATID
nescence and resonant Raman scattering on both suspended and N.,\NOIAITICLE. N. lalytiiwalla. .J.\. Harts, M.I. liiriioim a'd
dried co!loidal dispersions in order to elucida-e the effects of parti- W.P. Ma, Rcnsiiear lolvtec'hiic Institute, Troy. NY and R. inguva.
ie sze. surfaces, and phase. Dielectric effective medium effects are Uiiiversitv of \Vvonin, L'araiiie, \VY"

p&ar:iculariy important because the particles are platelet-shaped and " L
iave large t in the wavelength region of Interest. We have observed We study coated, nanometer-ize ellipsoidal particles that have a
a Small resonant enhancement of the vibrational Ruman mod at
409 cin-; as the excitation energy is tuned through the exCiton semiconductor or polymer core surrounded by a metal coating. We
peak at room temperature whereas no resonant guhancement is ob. predict that composite materials containing these particle, will have
served for the 383 cm - 1 mode. We will discuss Raman scattering much larger enhancement of the nonlinear optical response than had
results in terms of excoton-phonon coupling, previously been found by using semiconductor colloid suspensions or

semiconductor - doped glasses. The enhancement is due to the surface
plasmon resonance from the metal dielectric constant that increases tile

H6.10 local field in the core material. The frequency of the resonance and the

rRANSPORT PROPERTIES OF B-, P-DOPED, AND UNDOPED enhancement depend upon the particle shape and the coating thickness,
30 kHz PECVD MICROCRYSTALLINE SILICON. as well as on the specific materials.
A.A. Hachicha, E Larre, LEPES-CNRS, BP 166X, F-38042 Greno-
ole, France. We demonstrate the enhancement by calculating the optical phase

conjugate signal using an effective medium ap roximation. The
Undoped silicon layers with a crystalline fraction around 95% are ob- effective Kerr coefficient can be much larger than or semiconductor -
"ained at 350C by 50 kHz triode PECVD in a H2/SiHIs mixture. Their doped glass alone and the response time remains fast.
avera;e grain size is 20 nm, with H contents below 2 at% and spin den-
ities in the 1016 cm -3 range. These 500 nm-thick films yield at room Also, we discuss a novel optical bistability for these new materials and
"emperature (rt) a dc conductivity of 3 x10-2Jflcm t and a Hall show that the threshold intensity for optical bistability can be greatly
mobility of 8 x 10-2 cm 2V-s -'. reduced by using the coated particles. The switching intensity can be

The study by SIMS, infrared absorption, grazing angle X-ray and R. reduced below 00FW/cn
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Ht6. 13 content. Microcrystalline and pclvcrystalline films can be obtained
THE FFET O M:ROCYSTLLINTY N ITERANDOPTCALfrom annealing of those films. The required annealing temperature,

TRANSIFETIN OF SPUTTER DSTLIITED ZON IRAd OPTICAL however, was different, depending on the boron content in the films.

and C.R. Aita, Materials Department and Laboratory for Studies on films with the various boron contents showed that while, in

Surface studies, University of Wisconsin-Milwaukee, PO general, the higher the boron content, the harder is to crystallize, the
Box 784, Milwaukee, WI 53201 1 . E. Kolawa, California plot of the TO-like mode FWHM as a function of the boron content for a

institute of Technology, 116-81, Pasadena, CA 91125. given annealing temperature suggested that there was a threshold boron
content below which microcrystalline or polycrystalline films were

The formation of a A phase in coexistence with an a obtained. This threshold boron content increased with an increase of the
paein sputter deposited zirconia films is a conse- annealing temperature. For those high boron content films that

phaeo io-Iyr~intrsltn .te remained amorphous after annealing, however, an enhancement of the

douence of m hero racelny freutergy conributioe loocal order was observed. A detailed analysis will be presented.

the Gibbs free energy when the crystallite surface
area-to-volume ratio exceeds a critical value. This H7.1

paper relates changes in the fundamental optical reprtuo ig-uiypl-sadps i-ithSPMif:
absorption band to these different structural forms. ti~ico igisiy 1 oyS n cS uL i i ehd

6-28 x-ray diffraction was used to obtain crystallo- 1 F lsvnma, M.Nishikuni, M.Kanmeda, S.Ukamoto, MIanako . S.1suda, K.Qnr-i:i.

graphic data, Rutherford backscattering spectrometry Stsakuc avd Y.Ksonno

for chemical analysis, and Uv-visible spectrophotomet- kinctional Materiais Riesearch Center. Sanyo Electric Co.. Ltd.

which *-he optical absorption coefficient was calcula-
ted. The initial exponential rise of the absorption Asrc
band and the energy2 of two transitions across the
band gap are discussed in terms of microcrystallite In order to improve the conversion efriciency of silicon solar cells,

sze of the a phase and a recently calculated band it in necessary to develop materias with high-photosensitivity In the

srcueand density of states for the zirconia long wavelengtht region for so increase in I.. It Is also important to

polymorphs
3

. denelop window mvateriala with high conductivity and wide heodgap for an

increase in V c. Firstly, we descrihe Solid Phase Crystallization iSPC)

Hi6. 14 method which enables us to grow a Si crystal at a low temperature down

-?'_ARAft01'4 ANC O-iAiRACTERI SAT ION OF- iMICROCRYSTALLINE S.tC: I- to 650*C. Using this nethod we have obtained thin-rile polycrvstallrie

FIL MS. S \'Rcjarshi, F.Mohovrntid, R.O.Dusane, V.G.Bhide, s.Ilicon mpol-Si) with high-photosensitivity in the long wavelength reruon

Sc.-ool of Energy Studies, University of Poona, PUNE-41 1007, and Ila,! moelits or 70 cn /V. set, and confirmed the photovoltaic effect

-r)ie and S.V.Ghoisos P. Kulkorni and AS.Niaovekor, Depart.- It the thin-ru-c poly-S! structure for the first time. Secondly, we have
?iert of Physics, University of Poona, PUNE-411007, India,

succeeded in preparing a device-quality p-type microcryntfilline silicor.

Ai crocrys tall ine SiC:H and ajc-Si: H films are prepared by iluc-Si) b y the SI'C method at 650*C for 7 hours from the conventional

rcf. glow discharge method. The dependence of microcrys- pianma-CVli p-type amnorphous silicon (a-Si) without any post-doping process.

iclioity on the relative flowrates of hydrogen, silane arid This is alsn the first success in the world. Obtained properties or o
,netnurdf. as well as r.f. power are investigated. 0oiracter- .i X 101 ( P-cv -1 and s high optical transmittance in a 2.0- 3.0eV range

izotion is done using low angle x-ray diffraction, Spectra- armoeecletsawidwaeilcmpedothcnvtoal-ye
scacic Ellipometry (SE), conductivity and photoconductivity, arnveeclctsawndwmeilcopedothcnetoalfye

v-roy photoelectran spectroscopy fXPS) ond u,,lrviolet luc-Si:li. Detailed structural characterization using Ramtan spectroscory

Drotoeiectron spectroscopy (UPS).- Role of unintentionally and TEM will he given. Finally, advantages and limitations or SPC method

incorporated carbon ona oxyge- is also investigated, as a new tecoviqie to prepare pc-Si an well an poly-SI are discunsed Trst

ttve viewpoints of device scpiicatiovs.
The analysis of the data leads to the structural model of
M~c-SiC:H which is similar to that of uc-Si:H. Dependence
of microcrystallinity on the growth paramneters for u~c-Si:H V7. 2

and u~c-SiC:H is used to investigate role of carbon on the CHARACTERISISS OF HYDROGENATED MYCROCRYSTALLI.NE 5i
formation of micro- crystalline matrix. Effects of boron pOR Si HBTs. H. F u jIo ka .. Iton. K. Taxasaki.
acting are studied and compared with the observed boron Aovanced Technology Development Divisiorn. F u it S u
segregation inj uc-Si:H toward amnorphous region. ited. 1015 Kamit' danaka. Nakanara-Ku. KawasaK;.

.Kanagawa. Japan '11
H6. 15

RAMAN STUDIES OF MICROSTRUCTURAL CHANGES IN AMORPHOUS Jand r were dopeG inv g -v imst ~f
SILICONBORON ALLOYS DUE TO ANNEALING. G.Yag- P. Bai. Cener for Lne !r. thermal stabili ty. The use of u c-Si :H fi lS

iegrated Electronics and Physics Department, Rensselaer Polytechnic auur hig sp-~ eter 5s. fo eer S H thei poromi hermal~
Institute, Troy, NY 12180; B. Y. Tong. S. K. Wong, J. Du. Center for ftuehg spdLl. Hoer. heprtera

Chemical Physics, and 1. Hill. Surface Science Laboratory, University Stab ill tv of the u c-Si :11H film is a serious pro i em
of Western Ontario. London, Ontario, Canada. for the pr ac t icalI use. To improve the tnerma!

Stability, it is desirable to add C or F to auc-Si:H
Amorphous Sil.,Ba alloy films with boron composition x ranging from film. (1) i n t h 5 paper we report on the effect
.) 01 to 0.5 were deposited on the Si substrates at a temperature of of C or F doping Or the propert Ies of the a c-Si :P
4800C in a low pressure chemical vapor deposition (LPCVD) system. f IlIm. The a c -Si :.- fi lms were deposited us1ing a
Those films were annealed in a nitrogen ambient for 30 minutes at convent io nalI pIa sma CV D ap pa r a tus a t a sub s tr at e
various temperatures between 6001C and 9000C. Raman scattering temperature of 230 *c to 480 *C - The depositio n
experiments were carried out on both as-deposited and annealed films gases were Si H4 -Si F4 -PH1 -H2 for F doped a c-Si : H
where the spectra of the Si-Si TO-like vibrational mode at around SiH,-CH 4-PH -H 2 f or C do p ed a c -S I : H. T he
480CM- 1 was specifically studied to obtain the information on the s tr uc t uralI and electrical p ro pe rt ie S w ere
nimrosiruclure of the films. investi gated using XTEM. RHEED. X ray diffracti on

a nd s he et r esI s t an ce m ea Su re me n t. a c -Si :
the structural disorder of the as-deposited amorphous Sil.xBx alloy H /c r ystal Ii ne -S i he te ro dIo d es a nd H BT s w ere

films was observed to increase, as we reported in a previous paper, rabr ica ted to estimate the junction Pmope.t leS.
with an increase of the boron content. 1t was further concluded that the E xp er im en talI r e s uIt Si n d ic ate t h at t he a d di t iorn of
noron content xcanbe oughly diided into three regions, 1)xI53%, C H, to0 t he re ac t ion gt a s es s up pr e ss es th e
Z)35/!5 x 230%a/. nd 31xa30%, in which the the boron induced cytliainadicessters~iiYO h
structural disorder behaves differently as a function of the boron crsalitin nd nrees he eishiY01tO
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,I t. Or t ne ,nra ry tne ae d ,o of sil, to -Ie n-c-Si:lI films, RTA produced large voids within the recrystallized regions,
reactton gases nas a smal! in-iuence both on t ne which are believed due to trapped H2 bubbles, resulting in rough surfaces.
c-ystallizat:on and the resistivity of the /, c-S: H

H7 .5

H7.3 SItICON RE-CRYSTALLIZATION CONTROL FOR
VLSI/ULSI'S WITH SOI-LIKE STRUCTURES. Jun'ichi

DOPANT SEGREGATION AT POLYCRYSTALLINE SILICON GRAIN Matsunaga, Shigeru Kanbayashi, and Shinji Onga,
BOUNDARIES IN DEVICE FABRICATION PROCESSES, M. ITOH, ULSI Research Center, TOSHIBA Corporation,
I. AIKAWA, N. HIRASHITA, AND T. AJIOKA, Oki Electric Kawasaki-city, 210 JAPAN.
Industry Co., Ltd., VLSI R&D Laboratory, 550-1,
Higashiasakawa, HachioJi, Tokyo 193, Japan A silicon re-crystallization technology for a

thin film transistor (TFT), an
Dopant segregation at the grain boundaries of SOI-like-structure device, which is one of
polycrystalline silicon(poly-Si) causes an unfavorable realistic solutions for reallizing attractive
increase in resistivities of poly-Si. The dopant system on silicon (SOS) with higher packing
segregation at the grain boundaries in device fabrication density, higher operation speed and more variety
processes has been studied with a new approach using of functionality in a single chip, is described.
spreading resistance(SR) measurements, SIMS and cross-
section TEI(XTEM). Phosphorus was implanted with dose For gaining a higher performance TFT, a grain
1.5x10 ca-u at 40keV into LPCVD poly-Si films with size control of silicon crystal on an insulator
thickness of lum on Si02 . Then the samples were annealed film is required. Then, a process of
at 9OOC-1000C in N2 for 30 . Although SR measurements re-crystallization of amorphous silicon film
exhibited that electrically active dopant concentration which is deposited on an oxide film at a lower
was constant in depth within the poly-Si films, the temperature with an LPCVD method is observedp p n io, se bySI, finrshe especially utilizing a TEM analysis. As aphosphorus concentration, measured by SIMS, increased result, it is found that the behaviour ofgradually with increasing depth. XTEM observations reveal re-crystallization depends strongly on initial
that the grain size decreases with increasing depth. The 5i depositon conditions, for examples,
phosphorus depth concentration is found to be a linear deposition temperature, the state of neposition
relationship with a reciprocal grain size correspo-ding surface, namely, oxide film surface, and
to the same depth. Since the reciprocal grain size is annealing conditions such as annealing
proportional to area of grain boundaries, the linear temperature and annealing time. From their
relationship indicates that the number of segregated analytical results and corresponding electrical
phosphorus atoms per unit area is unique within poly-Si characteristics of TFT's, a mechanism of
films. Both phosphorus concentration in the grains(N0 ) re-cystallization process during annealing
and phosphorus concentration segregated at the grain procedure and an optimum condition for TFT's are
boundaries(NGB) can be evaluated from the relation. The discussed.
segregation ratios of NGB/NG range from 4.33 to 1.06
between annealing temperatures of 900*C and 1000*C, and In additon, a possibility of an SOS device
the heat of segregation of 1.7eV is obtained. Our results fascinating and challenging to a trend of
indicate that carrier concentration in the poly-Si is conventional down-scaled Si devices will also be
very sensitive to annealing temperature in device presented based on their electrical data.
fabrication processes.

H7.6
H7.4 >l[ D\ 1)S'.S.[l() (I i N I(')|LI) \IC Sl:- BY RF
CORRELATIONS BETWEEN OPTICAL, ELECTRICAL, AND STRUC- It.'\S\ X\ ) (\ St \\lD S10, S( BSTRATES K t.ILn P.
TURAL PROPERTIES OF IN-SITU PIIOSPIIORUS.DOPED Jccpr. J.i Nj,. R. )criens. I.ME C. Kapcldreef *75. 3030
IIYDROGENATED MICROCRYSTALLINE SILICON - EFFECTS OF r
RAPID TIIERNIAL ANNEALING ON MATERIAL PROPER'IES. V F
Kotccki. SJ. Jeng, J. Kanicki', C.C. Parks, V. Phan, W. Rausch. K. Seshan and it is v'cll es.ablishd tht hoh 1t1ahyIt pc .- ShH:F can be deposited b% rf
J. Fien, IBM, Semiconductor Developmcnt Laboratory, Ilopewcll Junction, NY, pianmaC\ D ol fluorinated gas ,ource:, like SJ:4 and Sikl2F2. mixed
(*) IBI, TJ. Watson Research Center, Yorktown Heights, NY. \uith 1[2 a:'dior Si14. Hlioeer. this growth process is usually not

,clcctise. hich mcans l aers are deposited on S102 as well as on Si
Films of in-situ phosphorus-doped hydrogenated microcrystalline silicon ubstrates. In this paper. sciective growth from SiF4 + SiH4 gas source
(n-mc-Si;-) have been deposited by plasma enhanced chemical vapor deposition 1, reported.
(PECVD) on Si(100) and fused quartz substrates from reactive gas mixtures con-
sisting of Pll 3/SiII 4/tI2. All films were grown at a consthnt RF power density of In general, selective deposition can be obtained by balancing a etch
0.1 W-crn-2 and a total pressure of 1.0 Torr, while the substrate temperature and process with a deposition process. It was found that in a pure SiF4
(I%PII"3 Si'I 4) / 111 dilution were varied between 200"C and 4000C, and I% and plasma. Si as well as SiC2 were etched and the etch rate could be
10% respectively. Films with a thickness ranging from 250A to Igm were loves- controlled from 0 to 3 nm/min by controlling the SiF4 flow. rif power
tigated. The n-Mc-Si:fl films were subjected to rapid thermal anneal (RTA) at and temp. When (1-6 sccm of l(K) ppm PH3 in SiH4 was added, n-
temperatures from 600-I000C for durations of 10-30 seconds. doped pc S::H:F with a conductivity up to 100 S/cm was deposited on

L-Si ', pol'..-Si substrates, whereas no deposition happened on thermal
The deposited films are characterized, both before and after RTA, in terms of SiO02 .VD SiO2 or on glass. The balance between selective and non-
their optical band-gap, electrical conductivity and Hall mobility. The interfacial se'ccuve deposition could be tuned by changing the temp twhich
structure, grain size and orientation are investigated by cross-sectional high reol- controls the etch rate) and the SiH4 flow (which controls the deposition
ution TEM, and the hydrogen and phosphorus profiles ar measured by SIMS. rate). It is thought that the sciective growth happens because nuclei

initially formed on the SiC2 type substrate are less stable and can be,tched away more easily, whereas nuclei on Si substrate are more
For pre-annealed films, lattice image TEM confsrrs the presence of a mixed ,zcnel awa d mo e wera ncle on Si ustate reore
phase material. For thick films (> 0.4 sm), microcracks and voids are observed "trongly bo to ratnd
either in the film or at the interface. No such defects are detected in thin
(< 500A) films. The optical band-gap of the pre-annealed films is ,L.8eV and lbhi, process was successfully applied for the self-aligned deposition of
strong correlations are observed between the film microsruenture and the electrical . ,c -d 1) ,, regions of poly-St thin film transistors on insulating
transport properties. The effects of RTA am shown to significantly alter film ,tibsrate. The method provides an alternative for the ion implantation
morphology and microstructure, increase electrical conductivity, and decrease the technique. mcc ii can be applied to marge area substratei and does not
optical band-gap. For thin n-c-Si:ll films, RTA produced smooth recrystal, require subsequen: annealing.
licd films with the crystal orientation aligned with the substrate. For thick
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fT7.7 H7 .9

SFLECTIVE GIt)%TH OF Si CRYSTAl S OVER AMORPHOUS SUBSTRATES SEDEI) FlY 'NEW MODEL FOR POLY-SILICON THIN FILM TRANSISTORS FOR
SOLID-STATE AGGLOMERATION OF PATIERNED Si. K Yamaa and T.Yondhara. USE WITH SPICE' M, Izzard, W. I. Milne, P. Migliorato,
HI) Headquarters. Canon Inc.. 6770 Tamira Hiratsuka-city. Kanagawa-Pref. Cambridge University Engineering Department, Cambridge
.254. Japan England.

]he phenomenon of agglomeration is known such that continuous films are The electrical characteristics of the poly-Si thin film transistor
altered to discrete islands in the solid state, well below the melting (TFT) have been modelled using equations based on the 'volume
point. The phenomenon is driven by surface-energy minimization followed average defect density' assumptions used by many theorists (eg.
by large mss-transport. It is found that annealing mbients strongly Migliorato and Meakin [I]) for the saturation andsub-threshold
affect the teeratures at which the agglomeration starts. and that regime. The off-characteristics have been modelled in a semi-
impurity in the initial films influences the mass-transport. empirical manner to reflect the anomalous off-current. Transient

effects are dealt with using charge-control in the body of thePolycrystal line Si 100nm-thick film were readily agglomerated by TFT7. The model is simple to use and may be applied to a wide
annealing in H, ambient. but in contrast, the phenomenon hardly took Ta.e ode is siple toue a aye ap do w
place in N, ambient. Phosphorus impurity in the Si films enhanced the range of devices by altering model parameters.

mass-transport. Thus. thicker films can be agglomerated by doping In this paper the approximations used are compared to the full
phosphorus in Si. Most significantly. the agglomerated Si smi-spherical numerical integrations of the relationships. We will discuss the
islaids were confirmed single dciained crystals (i.e. no grain boundary model, its implementation and use, and give some examples of
in the islands) by transmission electron microscope. circuits that have been simulated using SPICE and manufactured

with poly-Si on glass.
We will demonstrate selective growth of a mtrix of large Si crystal

islands over amorphous substrates, seeded by the agglomerated single H7.10
doained Si crystals. Fine polycrystalline Si films were deposited on
SiO by LPCVD and patterned into mall portions. 1.2#v in diameter. a [.1-.('1KICAL PROI'I.RI IS OF SII'OS [IILMS l)IA'OSITED ON
hundred am apart in lattice points. These were agglomerated to form ( R' STALI.INE SILICON Ticn-MIn Chuang. Kcnreth Rose

cingle crvstal seeds by annealing in H. aient at 1000 tC. Si was grown ,and Ronald J. Cumiann Center for Integrated Electronics.

-I_,ely , the each seeds and overgrowth proceeded up to 100am by Rctiselacr Polytchnic Isiute Troy NY 12181

CVID selective epitaxial growth technique, resulting in a matrix of SIPOS is composed of silicon microcr)stals in an oxide matrix.
uniformly sized islands. These highly faceted crystals were classified LUdopcd SIPOS is important as a passisant in high-voltagc
into three crystalline form. single-crystals. primary twins and planar desices; doped SIPOS shows promise as an electron
mltiple twins. However. most mere single crystals with a specific emitter for BiCMOS dcices. Carrier transport and trapping arc
orientation of <110> normal to the substrate surface. morc complex and less understood in these two-phase materials

than simple oxides. Both bulk and interface properties play a
H7.8 role. We represent transport and trapping studies on undopcd

and phosphorus-doped SIPOS films deposited on n-type and

THE CRYSTAL-AXIS-ROTATION OF LASER-RECRYSTALLIZED SILICON ON p.type Si by LPCVD. Electrical properties have been
INSULATOR. K.Sugahara, T.Ipposhi, Y.Inoue, T.Nishimura, characteriied by C-V-t. I-V . DLTS . spreading resistance and
and Y.Akasaka LSI R&D Lab. Mitaubishi Electric Corp. 4-1 photo-induced microwave reflection techniques.
Mizuhara Itami 664 JAPAN

The laser-recrystallized SOT is an important material for Our C-V and DLTS data on undoped SIPOS indicate interface traps

fabricating 3-D ICs. We reported that laterally growth from with a densit) of 5x,0
1 2 

cm
2 eVl and a response time between

(001) Si seed in the <100> direction on an insulating film I and 10luec exist near midgap of the SIPOS.. We find that the
provided the highest quality of single crystalline SOI film polarity ef fixed charges in the SIPOS near the intcrface is tied
without any obvious defects. However, we found that the crystal to the type of the Si substrate. Unlike MOS structures deep
axis of the recrystallized Si film gradually changed from <001> depletion occurs due to the nonlinear conduction of the SIPOS
toward <011>. This seemed to be a texture rotation around <010> under high field stress.
axis, and the rotation always occurred in the same direction
(anisotropy) whether the growth direction was varied by +
changing the direction of the laser beam scan. Slower growth r-SIPOS/p-Si samples show diode I-V characteristics with

speed and higher laser power contributed to make smaller the ideality factor of 1.1 to 1.2 and reverse leakage current on the

rotation angle. The temperature distributions numerically order of 1OOipA/cm2 after annealing in the forming gas. We
simulated from those conditions indicate that the temperature believe this reverse leakage is correlated with interface traps.
gradient between a top and bottom surface of the SO film Photo-induced microwave reflection transient-waveform shows
becomes large, as the crystallographic change becomes large. an order of magnitude increase in photoconductivity recov.ry
This implies that the crystallographic change is caused by the ,.I.e with doped SIPOS films. This indicates either a Iowcr
accumulation of small change in bond angles of each stacked Si suil'ace recombination velocity or an increased trapping with
atom due to different conditions of thermal expansion in the Si the doped SIPOS films.with important implications for high
film. frequency emitter structures.
While, in the came of the <100>/(001) growth direction, the
right position and the bond angles of the Si atom coming from
the liquid Si is definitely determined by two atoms already
arranged at a liquid-solid interface, and any mutual relation
among Si atoms in a same plane is not required for a growth
procedure. This assures the crystal growth at laser beam
scanning as fast as several tens cm/sec.
Therefore the anisotropy is considered to be due to the
preferential crystal growth in <100> direction, and hence, it
is also speculated that the initial stage of crystal growth in
any crystallographic direction was controlled by crystal growth
in <100> direction. This work was supported by NEDO under the
management of FED.
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7.11

DEVELOPMENT OF THE VERY THIN MICROCRYSTALLINE
N-LAYER AND ITS APPLICATION TO THE STACKED SOLAR CELL.

F. Nakabeppu. T. Ishimura, K. Kumagai and K. Fukui,
CRDL TONEN Corp., 3-1 Nishi-turugaoka 1-chore,

Ohi-mati, Iruma-gun, Saitama-ken, Japan, 354.

Amorp hous-microcrystal line mixed-phase hydrogenated sili--
con (,uc-Si:H) , wlch was developed by Electrotechnical Lab.
and us for the first time in the world, is now widely used as
the ohmical connection layer of the stacked solar cell. Im-
provement of the efficiency of the stacked solar cell will be
realized by reducing the light absorption loss of p-n layer
which does not work as the active layer. But in general, as
the microcrystalline film becomes thinner, its conductivity
rapidly decreases. Consequently, Jsc increases but Voc and
FF decrease due to the lack of good ohmical connection.
Therefore, establishing the preparation method of the high
conductive very thin uc-Si:H film is essential for the im-
provement of the efficiency of the stacked solar cell.

This work has been done according to the idea that micro-
crystalite size must be smaller than the film thickness to ob-
tain the high conductive thin /jc-Si:H film. The relationship
between the amount of H ions in the plasma and the micro-
crystalite size was reported by A. Matsuda. The experimental
results, increasing the amount of H ions induces decreasing
the size of uc, show the possibility of microcrystalite size
control. Addition of Ar gas to the plasma was selected as the
easy way to increase the amount of ions and its effect on the
film structure was investigated. It was demonstrated that
even 150A film showed good 6 and the ring pattern in RHEED
measurement which means that the film is ac. This newly de-
veloped n-layer was applied to fabricate the stacked solar
cell and Jsc increased by 5-6% because of the reduction of
light absorption loss keeping Voc and FF constant.
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SESSION Il: DIAGNOSTICS AND MODELLING 11:15 *11.8
Chair: Dennis Hess ELECTRONIC AND CHEMICAL PROPERTIES OF SILI-

Monday Morning, November 27 CON CLUSTERS IN REACTIONS WITH SILANE, M.L.
Yarmouth/Vineyard (M) Mandich, W.D. Reents Jr. and K.D.

Kolenbrander, AT&T Bell Laboratories, Murray
8:30 *11.1 Hill, NJ.

PECVD RF DISCHARGE MODELS REVIEW, Alan
Garscadden, Wright Research and Development 11:45 11.
Center, Wright-Patterson AFB, OH. IN-SITU SUBSTRATE TEMPERATURE MEASUREMENT

DURING a-SiN PLASMA CVD FROM N2 ROTATIONAL
9:00 *11.2 TEMPERATURE, Shin-ichiro Ishihara, Akira

RF DISCHARGE MODELING, J.-P. Boeuf, Univer- Otsuka and Seiichi Nagata, Matsushita Elec-
site P. Sabatier, Centre de Physique Atom- tric Industrial Company, Central Research
ique de Toulouse, Toulouse, France. Laboratories, Osaka, Japan.

9:30 11.3 SESSION 12: PECVD OF SILICON OXIDES
THE EFFECT OF REACTOR PRESSURE ON THE GROWTH AND NITRIDES
OF GLOW DISCHARGE a-SiN:H, Walter J. Varhue, Chair: Alain Harrus
University of Vermont, Department of Elec- Monday Afternoon, November 27
trical Engineering, Burlington, VT; Kiril Yarmouth/Vineyard (M)
Pandelisev, Johnson Matthey Electronics,
Trail, Canada. 1:30 *12.1

SILICON TECHNOLOGY AND PECVD MATERIALS:
9:45 11.4 ISSUES AND CHALLENGES, Alain S. Harrus, and
INFRARED LASER ABSORPTION STUDIES OF RADICAL Graham W. Hills, AT&T Bell Laboratories,
CONCENTRATIONS IN CH4 RADIO FREQUENCY PLAS- Allentown, PA.
MAS, Joda C. Wormhoudt, Aerodyne Research,
Inc., Center for Chemical and Environmental 2:00 *12.2
Physics, Billerica, MA. PLASMA DEPOSITION OF SiNxHy: PROCESS CHEMIS-

TRY VS. FILM PROPERTIES, Donald L. Smith,
10:00 BREAK Xerox Palo Alto Research Center, Electronics

and Imaging Lab, Palo Alto, CA.
10:15 *1I.5
SILANE PLASMA CHEMISTRY ONE STEP AT A TIME: 2:30 12.3
SILICON HYDRIDE RADICAL-MOLECULE KINETICS, PLASMA DEPOSITED SILICON NITRIDE FILM CHEMI-
Joseph M. Jasinski, IBM Research Division, STRY, Justin N. Chiang and Dennis W. Hess,
Thomas J. Watson Research Center, Yorktown University of California, Berkeley, Chemical
Heights, NY. Engineering Department, Berkeley, CA.

10:45 11.6 2:45 12.4
LASER-INDUCED FLUORESCENCE OF SILICON AND NITROGEN INCORPORATION REACTIONS IN HYDROGE-
SILICON MONOXIDE IN A GLOW DISCHARGE, NATED AMORPHOUS SILICON, NITROGEN ALLOYS
Anthony J. Hynes, Georgia Tech Research PRODUCED BY REMOTE PECVD, G.N. Parsons and
Institute, Molecular Sciences Branch, G. Lucovsky, North Carolina State Univer-
Atlanta, GA. sity, Department of Physics, Raleigh, NC.

11:00 11.7 3:00 BREAK
SPATIAL GENERATION PROFILES OF ACTIVE RADI-
CALS IN PLASMA-ENHANCED CVD OF a-Si:H, D. 3:15 *12.5
Mataras, S. Cavadias, and D.E. Rapakoulias, MICROWAVE AND ECR PLASMA DEPOSITION OF SiNx
Institute of Chemical Engineering and High FOR OPTOELECTRONICS, Steven Dzioba, Bell-
Temperature Chemical Processes, Patras, Northern Research Ltd., Advanced Technology
Greece. Lab, Ottawa, Ontario, Canada.

3:45 12.6
*Invited Paper CHARACTERIZATION OF Si3N4 FILMS DEPOSITED

USING AN ELECTRON CYCLOTRON RESONANCE (ECR)
Short Course P-05, "Plasma Enhanced CVD of PLASMA, J.P. Simko, Y.-Z. Hu, J.W. Andrews,
Thin Films for Microelectronics," may be of E.A. Irene, and T.M. Mayer, University of
interest to symposium attendees. Details North Carolina, Department of Chemistry,
regarding course dates and instructors are Chapel Hill, NC.
provided in the short course section of this
program.
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4:00 12.7 10:30 13.4
CHARACTERIZATION OF THE PLASMA CHEMISTRY AND REACTION KINETICS OF EPITAXIAL SILICON
FILM COMPOSITION OF PECVD SILICON NITRIDE DEPOSITION AT 200-4000 C USING REMOTE PLASMA
DEPOSITED FROM SILANE-NITROGEN AND SILANE- ENHANCED CHEMICAL VAPOR DEPOSITION, B.
AMMONIA MIXTURES WITH ARGON ADDITIONS, W Anthony, T. Hsu, L. Breaux, S. Banerjee and
Ouinn, B.G. Bagley, B.J. Wilkens, Bellcore, A. Tasch, University of Texas, Microelec-
Semiconductor Materials Research Department, tronics Research Center, Department of
Red Bank, NJ; and B.M. Gallois, Stevens Electrical and Computer Engineering, Austin,
Institute of Technology, Materials and TX.
Metallurical Engineering Department, Hobok-
en, NJ. 10:45 *13.5

DEVELOPMENT OF REMOTE PLASMA ENHANCED CVD
4:15 12.8 PROCESSES THROUGH THE USE OF IN-VACUO ELEC-

DIRECTIONAL DEPOSITION OF SILICON OXIDE BY A TRON DIFFRACTION AND SURFACE ANALYTICAL
PLASMA ENHANCED TEOS PROCESS, Julian J. TECHNIQUES, R.A. Rudder, G.G. Fountain, S.V.
Hsieh, D.E. Ibbotson, D.L. Flamm and J.A. Hattangady, J.B. Posthill and R.J. Markunas,
Mucha, AT&T Bell Laboratories, Murray Hill, Research Triangle Institute, Research Tri-
NJ. angle Park, NC.

4:30 12.9 11:15 13.6
RF POWER DEPENDENCE OF THE MATERIAL PROPER- HIGH RATE DEPOSITION OF HYDROGENATED AMOR-
TIES OF PECVD SILICON DIOXIDE, J.D. Chapple- PHOUS SILICON FILMS BY ECR PLASMA CVD, S.
Sokol, IBM General Technology Division, Ozaki, T. Akahori, T. Tani and S. Nakayama,
Hopewell Junction, NY; E. Tierney and J. Sumitomo Metal Industries Ltd., Hyogo,
Batey, IBM T.J. Watson Research Center, Japan.
Yorktown Heights, NY.

11:30 13.7
4:45 12.10 THE ELECTRICAL AND OPTICAL PROPERTIES OF

EVIDENCE FOR STRONGLY ENHANCED DEFECT CREA- AMORPHOUS SILICON ALLOYS BY PLASMA-ENHANCED
TION IN LOW-TEMPERATURE PECVD Si0 2 FILMS, CVD METHOD, M. Kapur,- Guang H. Lin and
R.A.B. Devine, Centre National d'Etudes des J.O'M. Bockris, Texas A&M University, De-
Telecommunications, Meylan, France; and R.L. partment of Chemistry, College Station, TX.
Pfeffer, U.S. Army ETDL, Fort Monmouth, NJ.

11:45 13.8
SESSION 13: SEMICONDUCTORS POLYHYDRIDE BONDING GROUPS IN PECVD AMOR-

Chair: Dale Ibbotson PHOUS Si THIN FILMS, B.N. Davidson, G.N.
Tuesday Morning, November 28 Parsons, C. Wang and G. Lucovsky, North

Yarmouth/Vineyard (M) Carolina State University, Department of
Physics, Raleigh, NC.

8:45 *13.1
THE ROLE OF LOW-ENERGY ION/SURFACE INTERAC- SESSION 14: NOVEL MATERIALS/APPLICATIONS
TIONS DURING CRYSTAL GROWTH FROM THE VAPOR Chair: Gerald Lucovsky
PHASE; EFFECTS ON MICROCHEMISTRY AND MICRO- Tuesday Afternoon, November 28
STRUCTURE, Joe E. Greene, University of Yarmouth/Vineyard (M)
Illinois, Department of Materials Science,
the Coordinated Science Laboratory, and the 1:30 *14.1
Materials Research Laboratory, Urbana, IL. DIAMOND FORMING DISCHARGES, Peter K.

Bachmann, Philips Research Laboratories,
9:15 *13.2 Aachen, West Germany.

ION BOMBARDMENT EFFECTS ON SURFACE COMPOSI-
TION AND STRUCTURE IN PLASMA PROCESSING, 2:00 *14.2
Thomas M. Mayer, University of North Caro- THE PLASMA DEPOSITION OF SEMICONDUCTOR
lina, Department of Chemistry, Chapel Hill, MULTI-LAYER STRUCTURES, Masataka Hirose and
NC. Seiichi Miyazaki, Hiroshima University,

Department of Electrical Engineering, Saijo-
9:45 13.3 cho, Higashi-Hiroshima, Japan.
REMOTE PLASMA-ENHANCED CHEMICAL VAPOR DE-
POSITION OF EPITAXIAL SILICON ON SILICON 2:30 14.3
(100) AT 150 0 C, T. Hsu, B. Anthony, L. FORMATION OF MULTILAYER HETEROSTRUCTURES BY
Breaux, S. Banerjee and A. Tasch, University CONTROL OF PATHWAYS IN REMOTE PECVD, DV,
of Texas, Microelectronics Research Center, TAU, J.A. Theil, S.S. Kim and G. Lucovsky,
Department of Electrical and Computer En- North Carolina State University, Department
gineering, Austin, TX. of Physics and Materials Science and En-

gineering, Raleigh, NC.
10:00 BREAK
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2:45 14.4
WIDE AREA DISC SHAPED PLASMA SOURCE FOR
ENERGY ASSISTED MOCVD OF GaAs, B. Pihlstrom,
T. Sheng, Z. Yu and G.J Collins, Colorado
State University, Department of Electrical
Engineering, Fort Collins, CO.

3:00 BREAK

3:30 14.5

LOW TEMPERATURE CLEANING OF Ge AND GaAs
SURFACES USING HYDROGEN DISSOCIATED WITH A
REMOTE NOBLE-GAS DISCHARGE, S.V. Hattangady,
R.A. Rudder, M.J. Mantini, G.G. Fountain,
J.B. Posthill and R.J. Markunas, Research
Triangle Institute, Research Triangle Park,
NC.

3:45 14.6
LOW-TEMPERATURE PECVD Si 3N 4 FILMS FOR GaAs
ENCAPSULATION AND PASSIVATION, R.L. Pfeffer,
R.A. Lux, K.A. Jones, US Army ETDL, Fort
Monmouth, NJ; R.A.B. Devine, Centre National
d'Etudes des Telecommunications, Meylan,
France.

4:00 14.7
STRUCTURE AND MORPHOLOGY OF VITREOUS
CHALCOGENIDE THIN FILMS OBTAINED BY PLASMA-
ENHANCED CVD, Bernard Cros, Serge Peytavin,
Michel Ribes, Universite des Sciences et
Techniques du Languedoc, Laboratoire de
Physicochimie des Materiaux Solides,
Montpellier, France; Henri Camon, Alain
Mosset and Jean-Louis Balladore,
C.E.M.E.S.-L.O.E., Toulouse, France.

4:15 *14.8
SYNTHESIS AND PHYSICAL PROPERTIES OF POLYMER
FILMS WITH METAL INCLUSIONS, Eric Kay, IBM
Almaden Research Center, Physical Science
Department, San Jose, CA.

4:45 14.9
FTIR INVESTIGATIONS OF PLASMA MODIFIED
POLYMER SURFACES AND THEIR INTERFACES WITH
PLASMA DEPOSITED TUNGSTEN, Klavs F. Jensen,
Massachusetts Institute of Technology,
Department of Chemical Engineering, Cam-
bridge, MA; Jihperng Leu and Manoj Dalvie,
University of Minnesota,. Department of
Chemical Engineering and Materials Science,
Minneapolis, MN.
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11.1 "1.3
PEQ;VD PF D'ISCHARGE HMOEDELS REVIEW. Alan Garscadden, WrijIhi IHl1- 'FFFE7' O1 R[EACTOR PRESSURE ON 'I1ll" GR()VlII )F
le.Qvarch and :eveloprment Center, Wright-Patterson AFS, 01IO GLOW DISCIIARGE a-SiN:ll. Walter J. \arhic l)cpt. i [-Accuw.I

I'niig,.. Univ. of Verom Burlhngbon. VT: and Ki n Pandeh: c, J ,hi Mi n
hapid progress has been made recently in the understanding M.tthyv Electronics, P. 0. Box 3 VT:, Trail. B3. C.. Canada.
cf the essential features of RF discharges. The discharge

has been studied by several distinct approaches ranging
from citcuit models, diffusion models, Monte-Carlo, and Thin filis ofa-SiN:- have been prepared by PECVD using a capacitl\¢ck
Qne-dimensional Boltzmann models. The coupling of coupled RF glow discharge. The reactor pressure was vuried trom 30 to
experimental data from improved diagnostic methods has .1(K) mTorr. Electrical characterization of the flins included a dctcnininatiot
resulted in a convergence of the conclusions from these of the trapped electron density and electrical resistivity. Also tncisured ,,as
different theoretical approaches. A self-consistent the SiN bond and total bonded H concentration by FTIR spectroscopy. The
treatment of the ionization and the electric field change in reactor pressure effects the character of the glow discharge b\
distribution by Boeuf and Belenguer (1989) has clarified the increasing the mean free path of both ions and electrons. This 0 turn
importance of the various mechanisms coupling energy into effects the electron energy distribution which influences the production rate
the plasma. A two group model was used to describe the fast of reactive species and the energetic ion bombardment which influences
electrons released from the electrodes and the sheaths by several physical processes ocurring at the growth surface. In this
ion bombardment and the slow electrons of the bulk plasma.
The transport ean s thetwo electron gups investigation the plasma potential and density have been detemined for both

have beern coupled with t describing and tomenetrn grp Ar and SiH4 /NH 3 rf discharges as a function of pressure with an emissivehav ben cupld wththe continui ty and momentum transfer

equationL and Poisson's equati on. There resulted four Langmuir Probe.
distinct eIectron energy gain iegimes: a time dependent
clasma excitation; fast electron ecitation from secondary Film resistivity and SiN bond concentration have been found to decrease
emission ; wave-riding on the sheath oscillation monotonically with increasing reactor pressure. Total bonded H content in
"cllisional : Kushner) and a non-collisional electron) the film however increases with reactor pressure. Trapped electron density
,ath interaction (Godyak) . The relative contributions are does not appear to be significantly effected by reactor pressure.

.ensitive functions of pressure, frequency and RF voltage.
-,n the other hand if the discharge is strongly The plasma potential for the SiH/NH3 discharge initially decreases with
electronegative the plasma approximation is quite good.
Similar progress on understanding of the homogeneous plasma reactor pressure as also observed with the Ar, yet then is found to increase
chemistry also will be illustrated. There still remain with further increase of reactor pressure. The plasma density increase for
,he problems of coupling of the actual deposition or both Ar and the SiH 4/NH 3 discharge as reactor pressure is increased.
etching effects to the plasma conditions. While there are
some examples of these effects, improvements in the last '14
area depend on e:zpezrmentalists providing kinetic data for
we'l-defined ccnditions. Some consideration of modeling the INFRARED LASER ABSORPTION STUDIES OF RADICAL CONCEN-
p'ractrcal prrotlem of parti.ole contamnation is also made. TRATIONS IN CH4 RADIO FREQUENCY PLASMAS. J ,

W o.tb.Q.U.i, Center for Chemical and Environmental
Physics, Aerodyne Research, Inc., Billerica, HA 01821

.e de -% Fhysiq-je Infrared tunable diode laser absorption studies of
- .e se, RA, 2-r 77), r versit e P. process plasmas are being carried out in a laboratory
• .r-ler, :i8 ot, e d arb7.nc, Toulouse, France. reactor which allows a long absorption path. In this

paper we report studies of CH4 radio frequency plasmas.
-e eu cation of toe first self-consistent mrodel of or these studies, the reactor had an absorption path

r oow cischaroes by Graves and Jensen in 1986, a nuber length of about 48 m. It has an active volume 1 m in
papers nave oeen devcted to rf dicharge models. These length and 15 cm diameter, excited by 13.56 MHz RF with

nave cor~trobuted to clarify a nitter of poirts input power levels of 100 to 1000 W. The electrodes are
-:.:ernlng the electrical propertsies of these discharges: shielded from the plasma by a teflon liner.

_=aze and tife variations of -he electric field and charged The molecular species whose concentrations have been
par--:cle densities, role of the sheath field and of the measured include CH3 , and C2H2 as well as CH4. Other
z'as'a bulk field in the power deposition. These results CH4 plasma species for which we plan spectral searches
w o Ie summarized in this lecture, include CH2 , C:1t4 and C2H6. Observations are made for
Hcwe'er, several questions are still open concerning the ranges of reactor parameters, including RF power, di-

lution by Ar or H2, total pressure, and 02 addition.
resud the Estimation of the plasma temperature from rotational
"f'ture" of rf discharge modeling. line absorption intensities will also be discussed.
Tne fir-t question is related to the physical Oasis of the
f-uid models. Considering the wide variety of physlcal Recently, several groups have undertaken detailed
assurrptions which are used in different works, it ,might be chemical kinetic modeling of CH4  discharges. The
dffllt fo: the non specialist to .have a global idea of " ..... .entrations presented here should be of uset apblio the opeils andhavea of their accuracya asscssing the predictive capabilities of the models.

h ility the models, and of their accuracy and We will discuss some preliminary comparisons between
• atility. models and experiment.

.o second concerns the validity domain of the fluid
,r-els, and the problem of the practical use of more 11.5
refined rmdels (Monte Carlo, particle in cell) when fluid SILANE PLASMA CHEMISTRY ONE STEP AT A TIME:
rkodels are no longer valid (e.g. low pressure). SILICON HYDRIDE RADICAL-MOLECULE KINETICS
Tne third question is related to the plasma chemistry and Joseph M. Jasinski, IBM Research Division, Thomas J. Watson
to what can be expected concerning the modeling of Research Center, P. 0. Box 218, Yorktown Heights, NY 10598
practical plasma processing Conditions.

.hose questions will be discussed and illustrated witheent qests wIn order to propose and quantitatively test models for the plasma
recent results.

induced growth of silicon containing thin films, it is desirable to
understand which silicon radical species are generated in the gas
and how quickly they are removed by gas phase radical-molecule

312



reactions, since these processes ultimately determine the flux of re- depletion conditions, for pressures ranging from
active species to the film growth surface. Electron impact bellow 20 mTorr to approximately 0.5 Torr, in pure
dissociation of silane readily generates all possible mono-silicon silane as well as in mixtures with He, Ar and H2 .

LIF spatial profiles present a maximum located at
radical species, Sill (x = 1-3). Over the past several years we have approximatelly 10 millimetres from the rf
developed flash kinetic spectroscopy techniques to generate, directly electrode. The position of this maximum is

insensitive to variations of pressure, power,detect and measure absolute reaction rate constants for these radi- dilution, buffer gas and interelectrode gap. To
cals. Results of these studies for the SiH, SiH 2 and Sil 3 radicals the contrary the emission profile is sensitive to
will be presented. pressure. The observed differences in the behaviour

of ground state SiH and electronically excited SiH
are attributed to the anisotropy of the electron

Silylidyne, SiH, is generated in the excimer laser photolysis of swarm, together with the different generation

disilane and phenylsilane and detected by laser induced thresholds of the two radicals. Considering the
fluorescence. Silylene, SiH 2 is generated in the excimer laser fact that reactive dissipation dominates over

diffusional transport for SiHn (n<3) radicals,
photolysis of disilane, phenylsilane or iodosilane and is detected by under usual deposition conditions, spatial profiles
cw laser resonance absorption. Silyl, SiH, is generated by chlorine represent the stationary silane fragment generation
atom abstraction from silane or by excimer laser photolysis of pattern. The dependence of these profiles on

dilution and chamber geometry will be further
bromosilane and is detected by infrared diode laser spectroscopy. discussed.

Absolute reaction rate constants for the removal of these radicals
by a variety of reaction partners have been measured at room tern- i .L

perature. The results provide a new understanding of the ELECTRONIC AND CHEMICAL PROPERTIES OF SILICON CLUSTERS
thermochemistry and reactivity of these radicals and a simple ex- IN REACTIONS WITH SILANE. M. L. Mandich, W. D. Reents. Jr., and K.
planation for the silicon radical concentrations which have thus far D. Kolenbrander, AT&T Bell Laboratories, Murray Hill, NJ.

been observed in silane deposition plasmas. They also lead to the Formation of hydrogenated silicon dust in silane plasmas poses formidable
possibility of two different film growth mechanisms, which will be quality conuol problems in the subminiaturization of silicon devices. Plasma
discuqsed briefly. diagnostic studies suggest that this dust begins as small subsilane ions which

grow incrementally by reactions with silana. Such a growth process must
involve small hydrogenated silicon clusters which ame crucial in determining

-luoresoence of Siicon and Silicon the growth rates and structures of larger particles.
___-nu'e Fursecof iionadSilicon

, n a Glow ischarge. Anthon' J. Hvnes, Our studies focuses on the electronic and chemical properties of small bare
s: c 5ciences Eranch, Georgia Tech Research and hydrogenated silicon cluster ions. Charged silicon clusters and subsilane

crs :tute, Ceorqla Tech, Atlanta, Ga. 30332. cations are prepared and reacted with silane in the ion cell of a Fourier

transform mass spectrometer. Sequential reactions to form larger hydro-
l~a e- n uc luorescence (LIE) shows great cutr -  oee ontmeam l ft cntrn,7,tentla! a5: a sensitive, specific and potential!,, genated silicon lse :srvdaromtprtu.Alofhecse-

n tn- nt i v e diaincs:ic i n p 1a sma enhanced ing sequences, however. enxurater early kinetic bott lenecks which prevent

vaor deposition (PECV'D) . In tnis work, furthergrowth.

we report z-e observation of LIF fron- Si and SiC, Abinitioelectonicsucturecalculationsam sedtogetherWithPhasespace
two potentially important gas-phase internediatii surf fr iico clste

theoretical calculations to elucidate the potential surfaces for silicon cluster:n a variet f PEC systems. rean with slane. Two unforeseen mechanisms are uncovered for activa-
.as detected in a low pressure glow discharge tion of siane b) s~iaon centers: one involves four center transition states,

In an Ar 'Sill4  ixture. Fluorescence was excited the other involves strong bridging silicon-hydrogen bonds. Larger hydro-
using a frequepcy-dou~led lid-Yag pumped dye laser genated silicon clusters exist as highly branched, cyclic, or compact species.
exciting the 4 P13 - 3'P3 transitions at : 25Z and Such structures are formed at the expense of the highly reactive silicon
monitoring both spectrally resolved and total centersrequiredforactivationoftheSi-Hbondsofsil a.
fluorescence.

Our findings indicate that sequential clustering of small silicon clusters and
Sic was detected in a low pressure discharge in an subsnlane cabons with silane does not lead to formation of the deleterious
Ar,'SiC; 4 '/02 mixture.. Fluorescence was excited via hydrogenated dust observed in silane plasmas. Funhermore. the microscopic
toe A -r - X'Z-  transition at z 230 nr, with surfaces of these small silicon clusters offer a model for studying chenmistry at
cispersed fluorescence being monitored. highlyreactivesiliconcenters.

-e have also studied Si aton production in the
multi-photon dissociation of SIC14, SiH 4 and 11.9
Si(C1 3)4 at 193 and 252 n:7,. The implications of "in situ" SUBSTRATE TEMPERATURE MEASUREMENT DURINC
this process for non-intrusive LIF diagnostics of a-SiN PLASMA CVD FROM N ROTATIONAL TEMPERATURE.
Si atoms will be discussed. Shin-lchiro Ishhara, Aira Otsuka I Seiich, Nagata

Matsushita Electric Industrial Co. Central Research
Laboratories 4origuchi City, Osaka JAPAN:1 .7

SPATIAL GENERATION PROFILES OF ACTIVE RADICALS IN PCVD a-SiN film is characterized as good passiva-
PLASMA-EZNHACED CVD OF a-Sja. D.ataras tion film for IC, deposited at low temperatures.
S. Cavadias, D.E. Rapakoullias, Institute of The a-SiN is also used for gate insulator of a-Si:e
Chemical Engineering and High Temperature TFT which is applied to LCD-TV addressing. File

characteristics are largely depend on its deposi-
Chemical Processes, Greece. tion temperatures. we suggest "in situ" measuring

method of a-SiN surface temperatures throughLaser Induced Fluorescence (LIF) and Optical neighboring gas temperatures during rf (13.56Mlz)
Emission Spectroscopy (dES) have been applied in deposition.
an rf silane discharge, for the simultaneous
detection of spatially resolved, relative conce- Rotational temperature of N (C~u-*gO - "is
ntration profiles of both ground state and known to be a transfer of N as temperature (Tg).
electronically excited SiH radicals. These Its lifetime is 40nsec, so 2 emitts light as soon
measurements were carried out In low power low 2
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as the N is excited to this state. There are no the Si-H bonding that has been associated with electrical
other wais to re;ease the energy. The other gases defects. When N2 is used instead of NH3, no gas-phase Si-N
temperatures should be the same because of many
collisions in Slow discharge ambient ( =100Pa). The compounds are formed, and deposition occurs instead by the
emission spectrum at 406nm were not affected by reaction of SiHn radicals with N atoms at the surface. Ineither
Sim NHI 2 mixing as a-SiN raw gases. process, insufficient power ortoo much SiH4 make the reactionof Si with N incomplete, leading to Si-H bonding and lower N/Si
, ajor emission in the rf plasma was N2 and H. Ts ratiointhe films. These compositional changes were found to
near the substrates was increased with . rato of significantly affect the rate of charge injection and trapping in
t4+N I mixture. Higher H /(H .11) ratio deposition electrical stressing tests on MIS structures. Material deposited
decreased etching rate 3f tie i-SiN by HF and NH VF
mixture, and increased in the film density, si ii.r from a SiH4-lean, high power NH3 plasma has much lower a
to the phenomena increasing in setting substrate trapping rate for both electrons and holes than does SiNxH
temperatures which were also observed in TS. In deposited under conditions that give a stoichiometric" N/Si
addition, Tg brought a lot of knowledge about ratio of 4/3, and it also contains much less grown-in positive
thermal transfer in the specific PCVD chamber which charge.
can be used for the "in situ" monitoring of PCVD
a-SiN deposition.

12.3

12. 1 PLASMA DEPOSITED SILICON NITRIDE FILM CHEMISTRY. Justin N.
Chiang, Dennis W. Hess, Chemical Engineering Dept.,

SILICON TECHNOLOGY AND PECVD MATERIALS: ISSUES AND University of California, Berkeley, Berkeley, CA 94720.

CHALLENGES AJautS. Hanus, and Graham W. Hills AT&T Bell The structure and composition of plasma deposited (PD)
Laboratories. 555 Union Bouievmrd. Allentown PA IP!03 silicon nitride thin films, formed using NH3/SiH,. N2/SiH.,

and N2/SiH,/H 2 , discharges are compared. The effect of a DC
The trend toward increased complexity of silicon VLSI technology. drven grounded stainless steel screen placed directly over the

by submicron design rles ad multiple levels of i g g substrate in the rf glow discharge is also discussed.
Chemical structure and composition of these films werePlasma Enhanced C VD processes a predominant role. Three major categories measured using X-ray Photoelectron Spectroscopy and Fourier

of materials are emerging as crucial to successful manufacturing: (a) Transform Infrared Spectroscopy. Significant changes are
Dielectrics for interlevel isolation and passivation, away from active observed in film composition with both changes in gas
stractures, such as TEOS-based oxide (PETEOS), and silicon nitride; (b) composition and with utilization of the screen. When the
Closer to the galetransistor stucture, Dielectril for isolation such as screen is invoked, variations in film composition are more
PETEOS and borntephosphae-doped oxide (BPSG), or gate-quality oxides, pronounced for PD silicon nitride .films formed using N2 . An
such as downstream Silie-based oxide;s (c) Conductors, such as Tungsten increase in the N:Si ratio occurs for all films deposited
or Silicon. The drive to plasma enlaced deposition is irrheversible, using the screen. This is reflected in increased N-H and

decreased Si-H bonding. Similar changes are also observed
In this peper we review some of the current issues and challenges with for films deposited from a N2/SiH,/H 2 discharge as compared

emphasis on inlerlevel dielectrics and passivadon. No final answer will be to films formed using a N2/SiH. discharge.
given but hopefully discussion will be generated. A few topics that will be
illustrated are outlined below. 12.4

Film quality requirements. although extensive. are fairly well defined. NrROGEN INCORPORATION REACTIONS IN HYDROGENATED AMORPHOUS
What is the most efficient plasma generation to achieve them? Should the SIUCON, NITROGEN ALLOYS PRODUCED BY REMOTE PECVD. G- Parons
reactor design be specific or generic? and G.Lucovsky, Deparment of Physics, North Carolina State University,

- Will the understanding of mecansm (such as step coverage) dictate Raleigh N.C. 27695
discharge characteistics? Is the required step coverage incomupatible with Hydrogenated amorphous silicon (a-Si:H), and amorphous silicon
film quality? Should we aim for maximum or minimum step coverage ? nitrogen (a-SiN:H) alloys for thin film device applications are typically

- The issue of conmmninam (metals, mobile ions) is not clearly resolved. produced by direct plasma-enhanced CVD, or glow discharge (GD). As an
Will it slow down the frantic push to integrated processing? How will alternative deposition process, we have louno that remote plasma-
integrated Processing affect device fabrication stratg? enhanced CVD offers significant advantages by providing increased control

over gas phase and surface reactions. In the remote PECVD process, silane
H How does surface conditioing (both substr te nd hardware) affect the is not excited in the plasma-glow, but is indirectly excited by species
process results? Will plasma induced damage to the device be a major extracted from a remote, noble gas plasma. By using SiH4/N2/(He or Ar)
concern? What is Imown? or SiH41NH 3I(He or Ar) mixtures Introduced downstream from a He

:2.2 plasma, we have used the remote PECVD process to produce a-Si,N:H
alloys containing up to 30 at.% nitrogen and 8 to 13 at.% hydrogen. WePLASMA DEPOSITION OF SiNH - PROCESS CHEMISTRY VS. FILM have investigated the bonding environments for Si, N. and H using ir, andPROPERTIES. Donald L. Smith, Xerox Palo Alto Research Center, determined the nitrogen and hydrogen concentrations, IN) and [H),

Palo Alto, CA 94304. respectively, using SIMS. We have related these results to the gas phase
excitation of N2 and NH3, and to nitrogen incorporation reactions at the

'Silicon nitride' films deposi:ed by plasma-enhanced chemical growth surface. Using N2 as the source gas, we find that with increasing
vapor deposition have been studied for over two decades as IN]: 1) the Si-H stretching mode shilts continuously from 1990 cm- 1 at
diffusion barrier and insulating layers in integrated circuitry, yet IN).0 at.% to 2100 cm- 1 at IN]-30 at.%: 2) the absorbance of the Si-H
the chemistry of the deposition process has been investigated bending mode begins to decrease at IN) - 5 at.%, and disappears for [N] >
only recently. We have analyzed the plasma composition using 25%; and 3) N-H features are never observed. The shil of the stretching
special mass spectrometric techniques and have correlated it mnde and the decrease in the bending mode absorbance result from
with the deposition rate and properties of the films to identify .. luction and coupling, respectively, when N is talck-bondef to an SI-H
the film-forming precursor species and their surface reactions, group. These results demonstrate that at the deposition surface, nitrogen
SiNxHy deposited from SiH 4 in excess NH3 was found to involve bonds preferentially to silicon (and not to hydrogen), and that Si-N bond
the gas-phase precursor radical triaminosilane, Si(NH 2)3 , which formation Is statistical, I.e., Si-N bonds are distributed randomly in an
adsorbs with a very low sticking probability and then chemically a-SI:H host matrix. When a small amount of NH3 is used as the feed gas
condenses towards Si3N4 on hot substrates with the evolution of instead of N2, the nitrogen Incorporation rate Is enhanced by a factor of
ammonia. High-power, SlH4-lean plasma conditions that about two, and the nitrogen bonding at low concentrations (up to 5 at.%)
maximize reaction to triaminosilane result in near-unity is different, In that nItrogen atoms appear to favor silicon sites which are
utilization of SiH 4 and produce N-rich films that contain none of spatially removed from hydrogen atoms.
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12.5 hydrogen. We have determined that adding argon to the gas
Imixture reduces the amount of hydrogen in the resulting films.MICROWAVE and ECR PLASMA DEPOSITION of SiNr fer Differences in film composition are obviously due to changes inOPTOELECTRONCS. Steven Dzioba Bell-Northern Research, the chemistry of the discharge which was characterized by line-Ottawa, Ont., KIY 4H7, Canada. of-sight mass spectrometry, optical emission spectroscopy and

plasma double probe measurements. Substrate temperature was
fixed at 325 'C pressure was 500 mtorr, the RF power wasMotivated by incongruent loss of Group V elements at high 0.25 watts cm - 1, the silane to nitrogen ratio was varied fromtemperature and susceptibility to plasma damage, downstream 0.003 to 0.02, the silane to ammonia ratio was varied from 0.01

microwave and ECR plasma processes have been developed for to 0.5, and the argon additions were 10% of the total flow.
dielectric deposition for optoelectronic devices. Argon additions to the discharge increased the plasma density

ihquality SiNx and SiON thin films have been iboth ammonia and nitrogen plasmas. Optical emission from
High ualiVy grownd layerth s a e an N 2 and SiH species increased upon addition of 10% argon to
deposited on MOCVD grown InP/InaAs layers at 300°C and/or the silane-nitrogen discharge, whereas the NH emission
without intentional substra e heating. Pinhole-free, low decreased upon 10% argon addition to the silane-ammonia
hydrogen content (<10 2cm f) SiNx films can be prepared lischarge. Infrared transmission spectra of films deposited with
using both high presusre (I Torr) downstream microwave md without argon show no change in peak position or intensity
plasmas and under low pressure (1 mTorr) ECR conditions, of Si-H and N-H absorption bands in the spectral range studied.
However, using ECR, with low energy (50 eV) ion bombardment, despite a large (up to 20 atom%) reduction in hydrogen
films show a decrease in wet etch rate by a factor of I0 content, as determined by nuclear profiling, upon the addition
indicating denser films. Stress fcr ECR deposited films is of argon. These results suggest that a substantial fraction of
2xl09 aynes/ca

2 
and compressive, the hydrogen in the films is not infrared active. We propose

that the reduction in hydrogen content is due to bombardment
Further physical/chemical film characterization illustrates of the growing films by argon ions, which sputter the adsorbed
the role of ion bombardment versus activated metastable hydrogen molecules.
qpecies in SiNx film properties.

... techniques have been used to prepare Zn diffusion masks 12.8
for p-i-n detectors, passivation layers and high quality DIRECTIONAL DEPOSION OF SILICON OXIDE BY A PLASMA
optical coatings for diode lasers and other optoelectronic ENHANCED TEOS PROCESS Julian J. Hsieh. D. E. lbbotson, D. L. Flamm
devices, and J. A. Mucha AT&T Bell Laboratories. 600 Mountain Ave, Murray Hill,

NJ 07974

12.6

CHARACTERIZATION OF Si,N, FILMS DEPOSITED USING Plasma enhanced deposition of silicon oxide using TEOS
AN ELECTRON CYCLOTRON RESONANCE (ECR) PLASMA. (tetaethoxysilane) has gained wide acceptance as a coating process for
.. P. Simko, Y.-Z. Hu, J. W. Andrews, E. A.
Irene, T. M. Mayer, Dept. of Chemistry. Univ. interlevel dielectric applications. Its advantages include low temperature

of North Carolina, Chapel Hill, NC 27599 preng and void-ne filling for medium aspect ratio feaue (up to -0.8).
However, future devices will require higher density metal interconnection and

Silicon nitride films were deposited on silicon it becomes more difficult to deposit void-free coatings over surfaces with
substrates in a microwave ECR plasma at severe topography. Even a perfectly conformal deposition process can
different temperatures and microwave power produce coatings with voids and regions of high stress on features of high
density. The chemical composition of the aspect ratios (>1). One potential solution to this problem is to engineer a
deposited films were measured using x-ray directional deposition process followed by a planaization step.
photoelectron spectroscopy (XPS) and attenuated
total reflectance (ATR) infrared spectroscopy. i paper describes the deposition of silicon oxide from TEOS using
In-situ spectroscopic ellipsometry was also helium/oxygen mixtures in a parallel plate rf plasma reactor. Under
used to monitor film composition as deposition appropriate process conditions, highly directional deposition of low-sress,
proceeded. The films were depo.ited in the stoichiometric silicon oxide is achieved. The step coverage profiles and the
afterglow of an ammonia or nitiugen discharge chemical and physical properties of these SiO 2 films were studied to gain an
with silane introduced above the sample understanding of the origin of preferential vertical deposition. The typical
surface. Deposition rates of two hundred deposition conditions used in this study were 1 torr total pressure, 320'C
angstroms per minute were obtained with little substrate temperature, I-9% TEOS. 0-80% 0 2 , high (14 MHz) or low (150
dependence on temperature, in the range 150 - kHz) applied frequency and low power density (-0.1 W/ca 2 ). Step
450C. Films deposited at 250 showed severe coverage, chemical stability and film stress were found to be most dependent
cracking while films deposited at higher on discharge frequency and 02 flow. This dependence will be explained by
temperature did not. correlation between XPSinvolvedintheoxidedeionmechanm.
and ATR results show a high degree of Si-N
bonding in the films with Si-O bonding
primarily at the surface due to surface 12.9
oxidation. ATR results indicate that the
concentration of SI-H and N-H bonding RF SIOWER DEPENIENCE OF THlE MATERIAL PROPERTIES OF

concentrations in films were higher for low PECVD SILICON DIOXIDE. J.D. Chand -Sokol. IBM General Technology

temperature deposited films and were still Division, Hopewel Junction, NY; E. Tierney and J. Batcy, IBM TT Watson

detectable at 450'. Ellipsometry is shown to be Research Center, Yorktown Heights, NY.
sensitive to composition changes in the film,
such as H incorporation, during growth. In direct RF plasma enhanced chemical vapor deposition (PECVD), the RF

power can couple both with gas-phase species and with the evolving film surface.
12.7 By consequence, changing the power density in a PECVD system can have a

large effect on both the nature of the film precursors and on the structure of the
CHARACTERIZATION OF THE PLASMA CHEMISTRY film itself. These effects can be observed in the chemical, electrical, and physical
AND FILM COMPOSITION OF PECVD SILICON NITRIDE structure of the film.
DEPOSITED FROM SILANE-NITROGEN AND SILANE-
AMMONIA MIXTURES WITH ARGON ADDITIONS. W.. We have examined the power dependence of the PECVD reaction of a dilute
Quinn B. 0. Bagley, B. J. Wilkens, Bellcore, Red Bank. NJ; mixture of siane and nitrous oxide in helium to deposit silicon dioxide films.
and B. M. Gallois, Stevens Institute of Technology, Hoboken, This reaction process has been used previously to deposit nea thermal quality
NJ. films with excellent electrical properties'. A commercial single wafer reactor was

used at power densities ranging from 0.2 to S Watts/cm2.
Silicon nitride films deposited from silane-nitrogen and silane-

ammonia mixtures by PECVD contain large amounts of

315



A number of techniques wen employed to examine the films, including chemical roughly corresponding to the range of the ion
and structural evaluation by infrared spectroscopy, stress measurements, and etch in the solid. Compositional modifications are
rates. Electrical properties of the films were measured using I-V and C-V tech- induced by ion implantation, ion mixing of
niques. interfaces, segregation, and preferential

sputtering effects, the magnitude and depth of
The broad range of power densities used in this study penmitted a substantial these effects are mitigated also by movement of
expansion of the range of pmm conditionsunder which high quality oxide films the interface, as in an etching or deposition
can be deposited. Electricallythernal-like'filmsweredepositedunderconditions process. We will consider examples primarily
that led to widely varying physical properties. The properties of thee PECVD from etching of Si surfaces using inert and
films will be compared with those of other deposited films and thermally grown reactive gases, contrasting high ion energy
SiO2. bombardment in reactive ion etching environment

and low energy bombardment in microwave ECR
environment. In-situ ellipsometric techniques

12.10 for evaluation the extent of ion bombardment
induced modifications will also be discussed.

EVIDENCE FOR STRONGLY ENHANCED DEFECT CREATION IN LOW-

TEMPERATURE PECVD SiO 2 FILMS. R. A. B. Devine* and R. L..
Pfeffer, US Army ETDL, Fort Monmouth, NJ. 13.3

R EMOTE PLASMA-ENHLANCED CHEMICAL VAPOR DEPOSITION
Amorphous SiO-2 films have been deposited by plasma enhanced OF PAIAL VAT DEPOITION
chemical vapor deposition (Ni0:SiH4 flow ratio of 40:1) then OF EPITAXIAL SILICON ON SILICON (100) AT 150'C. T. Hsu, B.
'"Co gamma irradiated. We observe paramagnetic defects Anthony, L. Breaux, S. Banerjee, and A. Tasch, University of Texas,

similar to oxygen vacancy centers which are created at least Austin, TX

100 times more efficiently in-as-deposited oxide than in the Lowtemperaturesiliconepitaxyiscriicaltofuturegenerationutra-large
same oxide annealed for 1 hr at 9500 C in Ar. Positive fixed scale integrated circuits and silicon-based heterostuctures. In this study,
oxide charge creation in samples irradiated in the unbiased

mode has a fractional yield of 0.018 and a flatband vremote plasma-enhanced chemical vapor deposition has been used to
odeariation witidoel ofyiem ad fo and110 a athc voltage demonstrate silicon homoepitaxial films at temperatures as low as 150'C,variation with dose of 8 mV/krad for an d100 A thick capaci- the lowest temperature reported for silicon epitaxy. The process relies ontor. The pnic de- stringent ex-situ preparation and loading of samples as well as an in-situ

fects do not appear to have the same (defect) origin, cemote hydrogen plasma clean of the surface prior to epitaxy. An

ultra-high vacuum environment (10 10 Torr) is utilized to achieve and
13. 1 maintain atomically clean surfaces.

THE ROLE OF LOW-ENERGY ION/SURFACE INTERACTIONS Substrates are prepared with degreasing followed by an RCA clean. Prior
DURING CRYSTAL GROWTH FROM THE VAPOR PHASE: to loading, the samples undergo a dilute HF etch to remove the native
EFFECTS ON MICROCHEMISTRY AND MICROSTRUCTURE. oxide and to passivate the surface with hydrogen. The samples are then
L E. Creene. Department of Materials Science, the Coordinated Science loaded in a nitrogen-purged glove box. The in-situ clean is performed at
Laboratory, and the Materials Research Laboratory, University of Illinois, temperatures at or below 300*C with a total pressure of 45 mTorr for 30
1101 W. Springfield Ave., Urbana, Illinois 61801. minutes at low rf powers (<15 W). The growth proceeds by remotely

exciting the source gas, silane, with energetic species extracted from the
Low-energy (n200eV) ion irradiation during crystal growth from the vapor noble gas plasma, such as Ar metastable gas atoms and energetic
phase plays an important and sometimes dominant role in controlling the electrons. as well as increasing adatom mobility on the surface via
growth kinetics and physical properties of films deposited by glow collisions with the energetic species. Typical parameters for the growth
discharge and ion beam sputter deposition, molecular beam epitaxy using include a total pressure of 200 mTorr, total flow rate of 360 sccm and a
accelerated dopants, and plasma-assisted chemical vapor deposition. silane flow of 0.3 sccm. Characterization of the films has been done
Ion/surface interaction effects, including trapping, preferential sputtering, in situ using RHEED and AES and ex-situ using TEM and Nomarski
colliaional mixing, and surface segregation are used to interpret and model - -rence contrast microscopy. Te films grown at 150'C to date have
experimental results concerning the effects of low-energy particle bombard- a thickness of 250A - 350k and show excellent crystallinity by the above
ment on nucleation kinetics, growth kinetics, enhanced diffusion at inter- methods. Growth at temperatures below 150'C have yielded amorphous
faces, elemental incorporation probabilities, and dopant depth distribu- films. Excellent quality epitaxial films have been grown in the
tions. Of particular interest are the results of recent experiments designed temperature range 150'C to 400°C.
to: (1) determine elemental incorporation probabilities and depth profiles
of accelerated dopants in MBE Si as a function of acceleration energy E
and growth temperature T., (2) investigate nucleation and growth kinetics 13.4
of In overlayers using primary-ion deposition as a function of E, and T, REACTION KINETICS OF EPITAXIAL SILICON DEPOSITION AT
on clean Si(100)2xl surfaces, (3) use molecular dynamics and Monte Carlo 2(10-400'C USING REMOTE PLASMA ENHANCED CHEMICAL
simulations to investigate inicrostructure evolution, and (4) investigate the VAPOR DEPOSITION. B. Anthony, T. Hsu. L. Breaux, S. Baneijee,
role of low-energy ion irradiation in reducing dislocation densities in epi- and A. Tasch, Microelectronics Research Center, Department of Electrical
taxial TIN(100) layers. and Computer Engineering, The University of Texas, Austin. TX 78712.

13.2 In this paper we will discuss the reaction kinetics of Remote Plasma-

ION BOMBARDMENT EFFECTS ON SURFACE COMPOSITION enhanced Chemical Vapor Deposition (RPCVD). In RPCVD, an argon

AND STRUCTURE IN PLASMA PROCESSING. Thomas M. glow discharge is generated remotely from the substrate using radio

Mayer, Department of Chemistry, University of frequency (r-f) excitation. Excited species such as argon metastables and
North Carolina, Chapel Hill, NC 27599 energetic electrons are transported to the substrate through a pyrex tube.

Silane is introduced thro'igh a gas dispersal ring immediately upstream
Bombardment of the substrate by energetic ions from the substrate and is never exposed directly to the glow discharge.
occurs in all plasma processes in which the Thus the excitation of the silane is limited to interaction with the plasma-substrat i n contact with the plasma. The excited argon gas over a distance of 5-10 cm between the gas ring and the

flux, energy and identity of these ions depends substrate. This interaction distance is variable giving additional control

greatly on the type of plasma and operating over gas phase reactions.
conditions. Ion energies can range from about
keV in low frequency, low pressure discharges, The growth rate has been found to be dependent on temperature, r-f
such as sputter etching, to a few eV in high power, and the silane flow rate. The effects of these variables have been
frequency, magnetically confined discharges studied over a range of 200-400C. 5-30W r-f power, and 5-30 sccrn of

such as microwave EC . It has been shown that. silane at constant pressure. The deposition rate has been found to increase
structural damage to crystalline substrates can -ha-ply with increased r-f power which implies that energetic electrons
occur in the form of point defects, extended e -nore important than argon metastables since metastable concentration
defects, and amorphous fil formation to depths is maximized at low r-f power. A plot of deposition rate vs. temperature
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yields a very small activation energy (Ea=0.25 eV) which is much smaller simulatok). The deposition yield of SIH, gas is
than that if thermal CVD (2.2 eV) or plasma-enhanced CVID (0.61eV) in more than that of conventional CVD and polymeri-
the 600-700'C temperature range [I]. It is believed that this low Ea is zation in a gas phase generated Si powder is not
associated with plasma-enhanced desorption of hydrogen from the silicon
surface.

13.7
13.5 THE ELECTRICAL AND OPTICAL PROPERTIES OF

AMORPHOUS SILICON ALLOYS BY PLASMA-ENHANCED CVDDEVELOPNENT OF REMOTE PLASMA ENHANCED C D PROCESSES METHOD. K. Kapur, Cuang H. Lin. and J. O'K.
THROUGHBockris, Department of Chemistry, Texas A&M
FACE ANALYTICAL TECHNIQUES. RA. Rudder C.G. Fountin, S.V.Hat. c University, College Station, TX 7783
tangidy, J.1. Postill, sad R.J. Markunu, Research Triangle iUtitute,
ResearchTrianglePark, NO27T02104 High and low bandgap amorphous silicon thin film

Remote plasma enhanced chemical vapor deposition is now being alloys (a:SiAl, a:SiSe, a:SiS, a:SiCa and
used ina wide variety of merias processing. The Materials deposited a:SiAs) were prepared by plasma-enhanced
can be amorphous such as S10, SigN,, silicon oxynitrides, or a-Si:H. Or, chemical vapor deposition. It was found that
thematerialsdepositedcanbeepitaxialsuchasSi, Ge, dilute SiC alloys Al, As, and Ca amorphous silicon alloys are low

(carbon <6%). or GaN. The wide variety of materials deposited nec- bandgap materials whereas a:SiS and a:SiSe are

,sitates a variety of gaseous reagents and processing conditions be high bandgap semiconductor. The optical band
gap of these alloys changes from 1.1 eV to 2.1

employed. Arriving at conditions suitable for the deposition or one par- eV, depending on the alloying element and itst iculr material bas been assistd through the use ofin tuand ixvacue concentration in the film. The dark to light
electron diffraction ad surface analytical techniques. Unlike molecular conductivity ratio, the activation energy and
beam techniques, reel time analysis of the surfaces under processing i the Urbach edge ware measured for different
not possible due to the high pressures employed. Instead, one has to alloys at various compositions. The structural
develop processes using sequential sampling where the CVD process is properties and chemical composition ware also
interruptedtoallowevacuation &danalysisofthesurface structureand analyzed by FTIR, XPS, SIMS and EPMA techniques.

The results show that these amorphous silicon
alloys are promising materials for multi-

This paper discusses the development of remote plasma CVD bandgap photovoltaic devices.
processes using both in eilu ad iri vacua surface analysis techniques.
Specifically, the development of low-temperatur Si processing involving 13.8
homopitax" below 00"C and SiO, deposition will be discussed. Plan
and cross-sectional transmission electron diffraction, reflection high POLYHYDRIDE BONDING GROUPS IN PECVD AMORPHOUS Si THIN FILMS.
energy electrot diffraction, and electrical mobility data wnll be given sup- .N DaiYdson. G.N. Parsons, C. Wang and G. Lucovsky, Department of
porting the quality of the low temperature epitsxy. High frequency and Physics, North Carolina State University, Raleigh, N.C. 27695-8202

usistatic capacitance-voltage measurements are used to evaluae the In glow-discharge deposition (GD) of a-Si:H alloys, the concentration of
* ,.3ity of interface state traps st the SiOL/Si interface. In both the electronically-active defects increases as the incorporation of bonded
homoepitaxy and the dielectric depositions, surfsae cleaning preeese hydrogen in polymerized dihydride groups, (SiH2 )n increases. Since the
based oan remote plums activation of hydrogen has been critical. traction of dihydride groups increases strongly with decreasing substrate
Without the elesniag, homoepitaxy is inhibited, and SiO&Si interfaces temperature (T.), the incorporation of these bonding groups can only
have exceedingly high densities of interface state traps. Interface trap effectively be reduced by restricting T, to about 230°C or higher. We
densities as low as 2 X 10"10/cm*-eV are routinely obtained, have found that a-Si:H films produced by remote plasma-enhanced

chemical-vapor deposition (remote PECVD) are qualitatively different
!3.6 than the GD films in the following ways: 1) the amount of bonded hydrogen

HIGH RATE DEPOSITION OF HYDROGENATED AMORPHOUS for Ts > 100C is less by about a factor of about two; and 2) the fraction

SILICON FILMS BY eCR PLRBAM CVD. S.Ozaki, of polyhydride bonding is also significantly less than the monohydride
TAkahori, T.Tani and S.Nakayama, Sumitomo Metal fraction for T. >100C. By extending our studies to sputtered films, we
Industries Ltd., Amagasaki, Hyogo, Japan have shown that the fraction of polyhydride bonding groups scales with

the total concentration of bonded hydrogen, [H), rather than any
Hydrogenated amorphous silicon (a-Si:H) particular deposition variable. We have developed a stalislical model that

films have been prepared by an RF plasma CVD provides a basis for translating any process-dependent representation of
system. It was applied to many devices such as data for the polyhydride fraction into a universally-obeyed scaling
photoreceptors and photovoltaic cells. However, relationship in which the independent variable is [HI. We have used two
deposition rate of the RF plasma CVD is in order complementary approaches: 1) a monte carlo method based on a finite
of 100A/min to lO00/min. matrix of bonding sites and 2) an analytical formalism for an infinite

Newly developed ECR plasma CVD system has matrix of bonding sites. The agreement between the analytical model and
high powered microwave generator and high exhaust the experimental data supports our observation that the fraction of
property in order to obtain high deposition ,yhydride bonding is not determined simply by T ,. but is a function of
rate. the particular reaction pathways in a deposition process chemistry. Our

By using this system, deposition rate lin- studies of the remote PECVD process are consistent with a reduced
early increases with the increase in the intro- availability of hydrogen at the growth surface during film deposition. We
duced microwave power and high deposition rate of propose that the initial step in the heterogeneous surface chemistry
1,n/min was achieved at microwave power of 2.SkW.
Usually, in the case of the RP plasma CVD, it is involves the fragmentation of an excited silane molecule, Sil 4 . into SiN2
well-known that photosensitivity is deteriorated and molecular hydrogen, H2 . In contrast in the GD process, there is a
when deposition rate extremely increases. In the broader spectrum of deposition precursors, and in general more hydrogen
case of the ECR plasma CVD, this phenomenon was is available at the growth surface, and hence in the deposited thin films.
not appeared. Photoconductivity (a,) increases
with the increase in the microwave power, a is
strongly influenced by the concentration of SI-H.
bonds which decrease with the increase in the
microwave power. Darkconductivity (or) is inde-
pendent of the microwave power and keeps low
value of 1O-US/cm. Films prepared at deposition
rate of lm/min has excellent photosensitivity
of loq(v,/ve)>6 (a, is measured under ANI solar
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14.1 component (6-O-SI bonds), and a second for the a-Si:H component (SI-

DIAMOND FORMING DISCHARGES. Peter K. Bachmann SI, and Si-H bonds). In a Remove PECVD process for SIO 2. an upstream

Philips Research Laboratories, Aachen, West Germany. rf plasma discharge of an 2 1He mixture results in the formation of
metastable 02 species; these Interact with unexcited sllane at the

The modern era of metastable diamond growth began when substrate surface, downstream from the plasma-glow, producing the
film. We find that changing the O2 /He ratio, alters only the deposition

Russian scientists published papers on diamond deposition rate and not the thin film bonding groups. In the e-Si:H process, the
from the gas phase in 1976 and 1981 [1]. They suggested to sliane must be plasma-activated; I.e., thin film deposition can occur only
produce the necessary quantities of atomic hydrogen required when the He plasma after-glow extends downstream into the deposition
for diamond deposition by means of electrical discharges. region and Interacts with the sliane. By biasing a grid placed between the
Researchers in Japan subsequently utilized microwave plasma source and the deposition region, the plasma after-glow can be
plasmas for this purpose [2]. By now, numerous groups have electrically switched from either extending or not extending beyond the

confirmed that diamond is formed from hydrogen/hydrocarbon grid, thereby respectively opening or closing the a-Si:H deposition

gas mixtures by means of discharges. Other carbon carriers channel. Using gas mixtures for which 1021<< jSIH1] provides an oppor-

along with oxygen/hydrogen mixtures were sucessfully tunity to electrically switch the film composition between SIOx:H and

introduced. Polycrystalline coatings were formed on substrates S1O 2 without changing any other deposition process parameter. To
ringe foinulaorys tmetallnecoatins ane trmgle to siae Illustrate these aspects of the Remote PEOVD process reactions, we have
ranging from insulators to metals and from glasses to single formed Si0 2 -SiO,:H-SIO2 heterostructures and performed CV
crystals. measurements of their properties. The Injection of charge into the SiOx
A wide variety of plasma deposition methods were applied for layer (200A), and Its trapping time in that layer are controlled by
diamond deposition. Included are low pressure DC-, RF-, and varying the thickness of the first S102 layer, while maintaining a
microwave plasma CVD from non-isothermal plasmas, as well relatively thick second SiO2 layer (200A). For example a thickness of
as the utilization of arc discharges, plasma jets and thermal RF about 50A allows tunneling Into the suboxide layer and Is sufficiently
plasmas. The different diamond forming discharges will be thick to maintain charge storage, where thicker layers (100A) prevent
compared with respect to both their characteristics and their tunnel injection, and thinner layers (25A) allow substantial charge
suitability for diamond growth. Special emphasize will be on release out of the suboxide layer.

.'wave plasma CVD and DC plasma jet deposition. A brief
6urirary of the properties, the characterization and practical 14.4
applications of diamond thin films will also be included in this WIDE AREA DISC SHAPED PLASMA SOURCE FOR ENERGY ASSISTED
presentation. MOCVD OF GaAs, * B. Pihlstrom, T. Sheng, Z. Yu and G. J.

Collins, Dept. Electrical Engineering, Colorado State

14.2 University, Fort Collins, CO 80523

TIE PLASMA DEPOSITION OF SEMICONDUCTOR MULTI-
LAYER STRUCTURES. Masataka H-rose and Seiichi A wide area disc shaped plasma source of 20cm in diameter

Miyazaki, Department of Electrical Engineering, generated by a ring shaped cathode electron beam is used to

Hiroshima University, Higashi-Hiroshima 724, decompose Trimethylgallium (TMGa) and Trimethylarsenic

Japan . (ThAs). Volume photo-absorption of VUV photons and

sensitized atom-molecule collisions with excited species

Very early stages of the plasma enhanced CVD of and radicals can all assist dissociation of the

silicon based materials have been characterized organometallic feedstock reactants. In addition, the
excited radical flux and VUV impingement on the film may

on atomic scale by using the ultra thin also assist heterogeneous surface reactions and increase
mitilayer structures. The thickness of the surface mobility of absorbed species. mass spectrometry
respective layer was in the range of 10 to 100 studies using deuterium as a replacement for hydrogen as a
A. The topological aspects of the deposited trace gas allowed for the elicitation of decomposition
layers have been studied by the x-ray pathways of TMGa and TtAs. Byproducts of hydrogen and
interference and diffraction. The chemical helium plasmas were also studied as well as low temperature
bonding features and the compositional homoepitaxial GaAs film deposition.
abruptness in the heterojunction interfaces have
been clarified by high resolution x-ray
photoelectron spectroscopy. The results have 14.5

revealed that the reactive species impinging l,()\%\ \I*}1l.l'I' l (II .\\IN(; 0I} Ge AND' (;:L 4
.s X t}-

from the plasma homogeneously cover the ' t.A Nu l)hIO(;E(N l)tUI< ('CIA'ED WITH A REOtEl'.
substrate surface and layer by layer growth NOl]JI. .(A5 lll(CtHCE. \. llattar,av, HA Rudder. MiJ
takes place on atomic scale. The island growth, s. . .

which is a known mechanism in metal thin film Valrtini. CCG. Fountain, J. Porthill. and .J. Mlarku.iam.

leposition, is very unlikely in the case of R,search Triangle Institute, Rc varch Triangle Park .NC 27709-
emiconductors and insulators. Also, inter- 2 194.

diffusion or compositional mixing of the
constituent atoms in the interface is negligible
and the interface is atomically abrupt. From The native oxides of Ge and GaAs have long been known to
these it Decomes evident that the plasma preclude the formation of suitable MIS structures. Furthermore,
enhanced CVD technique can offer an extremely these oxides are detimental to low temperature homo- and
uniform ultra thin film because of rather high hetero-epitaxy processes. The removal of these native oxides is
rooility of reactive species on the growing hfritcaly processing.
surface. therefore critical to epitaxy and MS processing.

In situ cleaning of Ge and Gs.As surfaces has been achieved at

14.3 300-375 'C using a novel technique employing hydrogen that is

FORMATION OF MULTILAYER HETEROSTRUCTURES BY CONTROL OF dissociated using a remote Ar discharge. Such a technique circum-

PATHWAYS IN REMOTE PECVD, DV. Tau, J.A. Thell, S.S. Kim. and G. vents the problems of cross contamination introduced from a
Lucovsky, Departments of Physics, and Materials Science and Engineering directly excited hydrogen discharge due to erosion of the quartz
North Carolina State University, Raleigh, NO 276954202 tube walls by the active hydrogen. Reconstructed surfaces charac-

Studies of reaction pathways for the deposition of silicon suboxides teristic of clean Ge and Ga.&s surfaces have been observed with

(SiO:H) by remote PECVD have ~ ta two simulitaneus, and inde- Reflection High Energy Electron Diffraction (RHEED) following

pendent regionl control thin film deposition, one for the S102 -alloy- such a treatment. Auger and X-ray Photoelectron Spectroscopy
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(\-S) analyses show that such a treatment removes both oxygen electron spectroscopy, X-ray fluorescence, Raman spectroscopy, electron
and carbon contamination from the surface. XS window scans on microscopy and diffraction.
the Ga-3d and the Ak-3d peaks show that the treatment is success-
ful in removing oxygen bonded to both Ga and As on the GaAs
surface. The size and volume fraction or the metal particles in thc organic matrix

can be controlled over a wide range and the resultant changes in optical,

14 electrical and magnetic properties or the composite films can be
examined. Dielectric breakdown, electrical percolation phenomena,

LOW-TEMPERATURE PECVD Si 3 N4 FILMS FOR GaAs ENCAPSULATION AND resonant absorption and magnetic phase transitions as a function or
PASSIVATION. R. L. Pfeffer, R. A. Lux, K. A. Jones, and R. metal particle size and volume fraction will be discussed. Hlydrocarbon
A. B. Devine*, US Army ETDL, Fort Monmouth, NJ. versus fluorocarbon matrices will be compared.

We have begun a detailed study of the physical properties of
S13N4  films deposited at low temperatures using a PECVD 14.9
process based on dilution of reactive gases with inert car-! FTIR INVESTIGATIONS OF PLASMA MODIFIED POLYMER
rier gas 1 in order to investigate their feasibility for use SURFACES AND THEIR INTERFACES WITH PLASMA
as post-implant encapsulants and/or device passivation lay- DEPOSITED TUNGSTEN JihperngLeu, Manoj Dalvie, Department of
ers for GaAs. The films and substrates are analyzed by ion Chemical Engineering and Materials Science, University of Minnesota,
channeling, ellipsometry, IR spectrometry, ESR, RBS, and SEN Minneapolis, MN55455, and Mays FJnsnDepartnent of Chemical
to evaluate implantation-induced substrate and interface Engineering, Massachusetts Institute of Technology, Cambridge, MA
damage as well as the films' optical properties, surface 02139.
morphology, stoichiometry, uniformity, stress, and electric-
al trapping characteristics. Following furnace or RTA an-
nealing they are recharacterized, adding SIMS to evaluate As Surface modification of polyimide in a downstream microwave
diffusion into the films. Both Schottky and ohmic contacts CF4/NF3 /02/Ar plasma has been studied in situ by Fourier transform
are then formed and used to measure Hall mobility, trap infrared (FTIR) reflection-absorption spectroscopy. Thin polymer films
density and 1/f noise. Preliminary results of these studies (100A-2000A) were prepared by spin coating gold covered silicon
are presented and compared with those obtained using other substrates. Etch rates and the chemical structure of the polymer surface
techniques such as wafer-to-wafer As entrapment, arsine were monitored as function of gas phase composition, plasma treatment
overpressure, or conventional CVD. conditions and time. NF3/Ar and CF4/Ar plasmas produced significant

surface fluorination in terms of polyfluorinated alkyl and aryl compounds as

14.7 well as acyl and benzoyl fluorides. The surface fluorination decreased with
02 content in the etching gas. The effect of humidity on the plasma

STRUCZTURE AND MORPHOLOGY OF VITREOUS CHALCOGENIDE modified polymers was evaluated by comparing infrared spectra collected
THIN FILMS OBTAINED BY PLASMA-ENHANCED CVD. in situ and after air exposure.
Bernard CROS, Serge PEYTAVIN, Michel RIBES.
Laboratoire de Physicochimie des atriaux Tungsten was deposited on the surface modified polymer surfaces in a
Sol ides. U. R. A. D0407, USTL, place Eugane- radial flow parallel plate radio freqency (13.56 MHz) WF6/H2 discharge at
Bataillon, 34060 Montpellier Cedex 1. France; and 150*C. WF6/H2ratos less than 1/10 produced good tungsten films. The
Henri CAMON, Alain MOSSET, Jean-Louis BALLADORE, nucleation of the tungsten films has been investigated as a function of
C. E. N. E. S. -L. 0. E., 29, rue Jeanne-Marvig, 31055 polyimide surface treatment and plasma conditions. The interface between
Toulouse, France. the tungsten film and the polymer surface was characterized by ex situ

reflectance-absorbance FTIR measurements through the back side of the
Germanium chalcogenide glasses present Interesting Si/polymner/metal sandwich and comparison with physical vapor deposited
properties as negative photoresists when they are tungsten. Fluorinated species were detected at the metal polymer interface.
silver sensitized. In this work, thin films were The surfacefinterface chemisry is reated to the nucleation and adhesion of
deposited on 4 Inches diameter wafers In an the tungsten to the polyimide.
industrial hot wall glow discharge equipment.
Reactive gases are germane and hydrogen selenide.
rhe layers are characterized by various techniques
: EXAFS. LAXS , SEN, TEN. EXAFS and LAXS studies
allows a comparison between the structures of thin
films and those of homologcus bulk glasse-.
Morphology studies by SEN and TEN on GeSe3 and

GeSe5.5  compositlons reveal an heterogeneous

structure explained by a demixt ion. The
microlithographicinfluence of the properties of
PECVD chalcogenide films on the microlithographic
properties of chalcogenlde films obtained by PECVD
were compared with those of sputtering deposited
glasses and discussed.

14.8

SYNTIlESIS & PilYSICAL PROPERTIFS OF I'OL.YMER FILMS
WITIi METAl. INCLUSIONS. Eric Kay, IBM Almaden Research
Center, San Jose, CA 95120

The ability to produce metal clusters uniformly dispersed throughout a
polymeric matrix by reactive chemical etchinglsputtering and
simultaneous plasma polymerization in a r.f. capacitively coupled diode
system will be described. The utility of optical emission spectroscopy to

monitor both the polymerization precursors and metal atoms arriving at
the film growing surface will be mentioned. Characterization of the metal
containing plasma polymerizd films was realized using X-ray photo

319



SYMPOSIUM J:
NEUTRON SCATTERING FOR MXERIALS SCIENCE

November 27-30,1989

Chairs
Stephen M. Shapiro James D. Jorgensen
Department of Physics (510B) Materials Science Division
Brookhaven National Laboratory Argonne National Laboratory
Upton, NY 11973 700 S. Cass Avenue
(516) 282-3822 Bldg. 223Argonne, IL 60439
Simon C. Moss (312) 972-5513
Physics Department
University of Houston
Houston, TX 77204-5504
(713) 749-2840

Symposium Support
Argonne National Laboratory

Army Research Office

Brookhaven National Laboratory

Los Alamos National Laboratory

National Institute for Standards and Technology

Oak Ridge National Laboratory

Proceedings published as Volume 166
of the Materials Research Society
Symposium proceedings series.

4f

t .*



SESSION JI: INTRODUCTION TO NEUTRON 11:30 J1.8
SCATTERING AND EXPERIMENTAL TECHNIQUES NEUTRON RIETVELD ANALYSIS OF ANION AND

Chair: S. M. Shapiro CATION DISORDER IN THE FAST-ION CONDUCTING
Monday Morning, November 27 PYROCHLORE SYSTEM Y2 (ZrxTil-x)207, Sossina

Salon J/K (M) M. Hale and B.J. Wuensch, Massachusetts
Institute of Technology, Department of

8:30 *J1.1 Materials Science and Engineering, Cam-
NEUTRONS: THE KINDER, GENTLER PROBE OF bridge, MA; and E. Prince, National In-
CONDENSED MATTER, John D. Axe, Brookhaven stitute of Standards and Technology, Reactor
National Laboratory, Department of Physics, Radiation Division, Gaithersburg, MD.
Upton, NY.

11:45 Ji.9
9:00 *Ji.2 SMALL ANGLE NEUTRON SCATTERING INVESTIGA-

NEUTRON SCATTERING INSTRUMENTATION, R TIONS OF NANOPHASE Ti, TiO 2 AND Pd, J.E.
Pynn, Los Alamos National Laboratory, Epperson, Argonne National Laboratory,
LANSCE, Los Alamos, NM. Materials Science Division, Argonne, IL;

J.W. White, Australian National University,
9:30 *J1.3 Research School of Chemistry, Canberra,

THE ADVANCED NEUTRON SOURCE, John B. Hayter, Australia and Argonne Fellow, Argonne Na-
Oak Ridge National Laboratory, Solid State tional Laboratory, Argonne, IL; R.W. Siegel,
Division, Oak Ridge, TN. J.A. Eastman, Argonne National Laboratory,

Materials science Division, Argonne, IL;
10:00 BREAK Y.X. Liao, Sichuan University, Measure and

Testing Center, Chengdu, China and Argonne
10:30 Q.4 National Laboratory, Materials Science
THE APPLICATION OF NEUTRON TOPOGRAPHY TO THE Division, Argonne, IL; and A. Narayanasamy,
STUDY OF X-RAY SENSITIVE ORGANIC SINGLE University of Madras, Department of Nuclear
CRYSTALS - A POSSIBLE ALTERNATIVE TO X-RAY Physics, Madras, India and Argonne National
TOPOGRAPHY, M. Dudley, State University of Laboratory, Materials Science Division,
New York at Stony Brook, Department of Argonne, IL.
Materials Science and Engineering, Stony
Brook, NY. SESSION J2: SURFACES. FILMS AND INTERFACES

Chair: Gian Felcher
10:45 J1.5 Monday Afternoon, November 27
MULTIPLE SMALL ANGLE NEUTRON SCATTERING Salon J/K (M)
CHARACTERIZATION OF THE DENSIFICATION OF
ALUMINA, S. Krueger and G.G. Long, National 1:30 *J2.1
Institute of Standards and Technology, SURFACES INVESTIGATION BY NEUTRON REFLEC-
Gaithersburg, MD; and R.A. Page, Southwest TION, B. Farnoux, CEN SACLAY, Laboratoire
Research Institute, San Antonio, TX. Leon Brillouin, Gif-sur-Yvette, France.

11:00 J1.6 2:00 J2.2
THERMAL DIFFUSE SCATTERING IN NEUTRON TIME- VIBRATIONAL SPECTROSCOPY OF SURFACE SPECIES:
OF-FLIGHT POWDER PATTERNS, Michael J. Radler INELASTIC NEUTRON SCATTERING, J. Tomkinson,
and Jerome B. Cohen, Northwestern Univer- Rutherford Appleton Laboratory, United
sity, The Technological Institute, Departent Kingdom; and G.J. Kearley, Institut Laue
of Materials Science and Engineering, Evans- Langevin, Grenoble, France.
ton, IL; and John Faber Jr., Argonne Nation-
al Laboratory, Materials Science Division, 2:15 J2.3
Argonne, IL. INTERDIFFUSION OF CADMIUM ARACHIDATE IN

LANGMUIR-BLODGETT FILMS, P. Stroeve, J.F.
11:15 Q.7 Rabolt, IBM Almaden Research Center, San
REAL SPACE METHOD OF POWDER DIFFRACTION FOR Jose, CA; R.O. Hilleke, G.P. Felcher, Ar-
NON-PERIODIC AND NEARLY-PERIODIC MATERIALS, gonne National Laboratory, Material science
IT-. i, B.H. Toby, W. Dmowski, University Division, Argonne, IL; and S.H. Chen,
of Pennsylvania, Department of Materials Massachusetts Institute of Technology,
Science and Engineering, Philadelphia, PA; Nuclear Engineering Department, Cambridge,
Chr. Janot, Institut-Laue-Langevin, MA.
Grenoble, France; and J.D. Jorgensen, Ar-
gonne National Laboratory, Division of
Materials Science, Argonne, IL.

*Invited Paper
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2:30 J2.4 4:30 J2.10
NEUTRON RELFECTIVITY STUDY OF GD-Y INTER- A NEUTRON REFLECTIVITY STUDY OF THE ORDER-
FACE, J.F. Ankner and H. Zabel, University DISORDER TRANSITION IN THIN FILM DIBLOCK
of Illinois at Urbana-Champaign, Urbana, IL; COPOLYMER FILMS, S.H. Anastasiadis, T.P.
D.A. Neumann, C.F. Majkrzak, National In- Russell, IBM Almaden Research Center, San
stitute of Standards and Technology, Jose, CA; S.K. Satija and C.F. Majkrzak,
Gaithersburg, MD; A. Matheny, J.A. Dura and National Institute of Standards and Technol-
C.P. Flynn, University of Illinois at Ur- ogy, Gaithersburg, MD.
bana-Champaign, Urbana, IL.

4:45 J2.11
2:45 J2.5 THE STUDY OF SURFACES AND INTERFACES ON THE

NEUTRON DIFFRACTION STUDIES OF Cdl-xMn.Se REFLECTOMETER CRISP AT THE ISIS PULSED
EPILAYERS AND ZnSe/MnSe MULTILAYERS, T.M. NEUTRON SOURCE, J. Penfold, Rutherford
Giebultowicz, University of Notre Dame, Appleton Laboratory, Oxon, United Kingdom.
Physics Department, Notre Dame, IN and
National Institute of Standards and Technol- SESSION J3: PHASE TRANSFORMATIONS
ogy, Reactor Radiation Division, Gaithers- AND HIGH Tc
burg, MD; P. Klosowski, University of Notre Chair: J. B. Cohen
Dame, Physics Department, Notre Dame, IN; Tuesday Morning, November 28
J.J. Rhyne, National Institute of Standards Salon J/K (M)
and Technology, Reactor Radiation Division,
Gaithersburg, MD; N. Samarth, H. Luo and 8:30 *J3.1
J.K. Furdyna, University of Notre Dame, MARTENSITIC PHASE TRANSITIONS, PHONONS AND
Physics Department, Notre Dame, IN. DIFFUSION PROPERTIES IN BCC METALS, W.

Petry, Institut Laue-Langevin, Grenoble,
3:00 BREAK France.

3:30 J2.6 9:00 J3.2
LOCAL ENVIRONMENTAL EFFECTS IN MAGNETIC STRESS DEPENDENCE OF THE SOFT PHONON BRANCH
ALLOYS AND MULTILAYERS: CALCULATIONS OF THE IN MARTENSITICALLY TRANSFORMING Ni 2.5-
STATIC RESPONSE FUNCTIONS, D.D. Johnson, A13 7 .5 , S.M. Shapiro, Brookhaven National
Sandia National Laboratories, Livermore, CA; Laboratory, Department of Physics, Upton,
J.B. Staunton, University of Warwick, Coven- NY.
try, United Kingdom; B.L. Gybrffy, Univer-
sity of Bristol, Bristol, United Kingdom; 9:15 J3.3
F.J. Pinski, University of Cincinnati, POLARIZATION RELAXATION OF THE FERROELECTRIC
Cincinnati, OH; and G.M. Stocks, Oak Ridge KD2P04 USING NEUTRON SCATTERING, Ron Edge
National Laboratory, Oak Ridge, TN. and Vicki Homer, University of South Caro-

lina, Physics Department, Columbia, SC.
3:45 J2.7

DETERMINATION OF HYDROGEN DENSITY PROFILES 9:30 J3.4
IN THIN FILMS AND MULTILAYERS BY NEUTRON PHASE DEVELOPMENT OF AN Al-Ti COMPOSITE
REFLECTION, C.F. Majkrzak, S. Satija, D.Neu- DURING HEATING UP TO 1400 0 C, H.-G.
mann, J. Rush, D. Lashmore, C. Johnson, Brokmeier, TU Clausthal, Department of
National Institute of Standards and Technol- Physical Metallurgy, and GKSS Research
ogy, Reactor Radiation Division, Gaithers- Center, Geesthacht, West Germany; M. Klatt,
burg, MD; J. Bradshaw, Optoline, Andover, GKSS Research Center, Geesthacht, West
MA; L. Passell and R. DiNardo, Brookhaven Germany; and C. Ritter, Institute Laue
National Laboratory, Upton, NY. Langevin, Grenoble, France.

4:00 J2.8 9:45 BREAK
MAGNETOELASTIC EFFECTS IN RARE-EARTH MULTI-
LAYERS AND FILMS, R.W. Erwin, J.J. Rhyne, 10:00 *J3.5
National Institute of Standards and Tech- NEUTRON POWDER DIFFRACTION: A POWERFUL
nology, Gaithersburg, MD; J. Borchers, R. MATERIALS RESEARCH TECHNIQUE, W.I.F. David,
Du, M.B. Salamon, and C.P. Flynn, University Rutherford Appleton Laboratory, Oxon, United
of Illinois at Urbana-Champaign, Urbana, IL. Kingdom.

4:15 J2.2
THE MORPHOLOGY OF SYMMETRIC DIBLOCK COPOLY-
MERS AS REVEALED BY NEUTRON RELFECTIVITY,
S.K. Satija and C.F. Majkrzak, National
Institute of Standards and Technology,
Reactor Radiation Division, Gaithersburg,
MD; S.H. Anastasiadis and T.P. Russell, IBM
Almaden Research Center, San Jose, CA.
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10:30 J3.6 2:00 J4.2
NEUTRON SCATTERING STUDY OF THE STRUCTURE OF NEUTRON SCATTERING STUDY OF THE EQUILIBRIUM
Y2 BaCuO 7 _6 AT 294 K AND 77 K, T , DEFECT STRUCTURE IN UNDERSTOCHIOMETRIC MnO,
B.A. Hunter, University of New South Wales, D. Schuster, Enka, Wuppertal, West Germany;
Advanced Electronic Materials Group, School R. Dieckmann, Cornell University, Ithaca,
of Physics, Kensington, Australia; R.L. NY; W. Schilling, W. Schweika, IFF-KFA
Davis, Australian Institute of Nuclear J~lich, J~lich, West Germany.
Science and Engineering, Menai, Australia;
and K.N.R. Taylor, University of New South 2:15 J4.3
Wales, Advanced Electronic Materials Group, SHORT-RANGE ORDER IN a-BRASS, Leszek
School of Physics, Kensington, Australia. R, University of Houston, Department

of Physics, Houston, TX; Bernd Schonfeld,
10:45 J3.7 Gernot Kostorz, ETH Zurich, Angewandte
STRUCTURE OF ErBa 2Cu3O x IN THE COMPOSITION Physik, Z~rich, Switzerland; and Willi
RANGE 6.1< X <7.0, E. Porschke, P. Meuffels, Buhrer, LNS der ETH Zilrich, Paul-Scherrer-
Institut f. Festk6rperforschung, J~lich, Institut, Warenlingen, Switzerland.
West Germany; and B. Rupp, Paul Scherrer
Institut, Labor far Festk6rperforschung, 2:30 J4.4
Villingen, Switzerland. SHORT RANGE ORDER IN CU-ZN: A COMPARISON OF

NEUTRON DIFFUSE SCATTERING DATA WITH FIRST
11:00 J3.8 PRINCIPLES RESULTS, M. Sluiter, Lawrence
NEUTRON POWDER DIFFRACTION STUDY OF THE Berkeley Laboratory, Berkeley, CA and
STRUCTURES OF La1 .9 Caj. 1 Cu 2 0 6  AND Lawrence Livermore National Laboratory,
La1 9 Sr l ICU0 6 , A. Santoro, F. Beech, Condensed Matter Division, Livermore, CA;
National Institute of Standards and Technol- P.E.A. Turchi, Lawrence Livermore National
ogy, Reactor Radiation Division, Gathers- Laboratory, Condensed Matter Division,
burg, MD; and R.J. Cava, AT&T Bell Labora- Livermore, CA; D.M. Nicholson and G.M.
tories, Murray Hill, NJ. Stocks, Oak Ridge National Laboratory,

Metals and Ceramics Division, Oak Ridge, TN;
11:15 J3.9 D.D. Johnson, Sandia National Laboratories,
NEUTRON DEPOLARIZATION BY FLUX LATTICES IN Livermore, CA; and F.J. Pinski, University
HI-Tc MATERIALS, S.J. Pickart, A.C. Nunes, of Cincinnati, Department of Physic-, Cin-
M.L. Crow, University of Rhode Island, cinnati, OH.
Physics Department, Kingst- - RI; T.R.
McGuire, S. Shinde and S.A. Ihivashankar, 2:45 J4.5
IBM T.J. Watson Research C, -er, Yorktown ORDERING MECHANISM IN SUBSTITUTIONAL Ni-Cr
Heights, NY. ALLOY: EXPERIMENTS AND THEORY, P.E.A.

Turchi, Lawrence Livermore National Labora-
11:30 J3.10 tory, Condensed Matter Division, Livermore,
USE OF NEUTRON DIFFRACTION IN DETERMINING CA; R.H. Howell, Lawrence Livermore National
STRAINS IN HIGH-TFMPERATURE SUPERCONDUCTING Laboratory, Physics Department, Livermore,
COMPOSITES, D.S. KuDperman, J.P. Singh, CA; A.L. Wachs, M.J. Fluss, Lawrence Liver-
Argonne National Laboratory, Materials and more National Laboratory, Condensed Matter
Components Technology Division, Argonne, IL; Division, Livermore, CA; F.J. Pinski, Uni-
J. Faber Jr., and R.L. Hitterman, Argonne versity of Cincinnati, Department of
National Laboratory, Materials Science Physics, Cincinnati, OH; D.M. Nicholson and
Division, Argonne, IL. G.M. Stocks, Oak Ridge National Laboratory,

Metals and Ceramics Division, Oak Ridge, TN;
11:45 J3, and W. Schweika, Institut fur Festk6rper-
HIGH RESOLUTION NEUTRON POWDER DIFFRACTION forschung der Kernforschunglanlage JUlich,
STUDIES OF THE FERROELASTIC PHASE TRANSITION Jalich, West Germany.
IN LaNb04 , W.I.F. David, Rutherford Appleton
Laboratory, Oxon, United Kingdom. 3:00 J4.6

PHONON DISPERSION IN THE ALLOY Cu0 8 5A1 0 15 ,
SESSION J4: ALLOYS I Henry Chou, S.M. Shapiro, Brookhaven Nation-
Chair: G. Kostorz al Laboratory, Department of Physics, Upton,

Tuesday Afternoon, November 28 NY; S.C. Moss, University of Houston, Phys-
Salon J/K (M) ics Department, Houston, TX; and M.E. Mos-

toller, Oak Ridge National Laboratory, Solid
2:30 *J4.1 State Division, Oak Ridge, TN.

LATTICE DEFECTS STUDIED BY DIFFUSE NEUTRON
SCATTERING, J. Peisl, Sektion Physik, LM 3:15 BREAK
Universit~t, Munich, West Germany.
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3:45 J4.7 9:00 J5.2
COMPOSITION AND TEMPERATURE DEPENDENCE OF DISTRIBUTION OF BORON IN ION IMPLANTED
THE SHORT RANGE ORDER DIFFUSE SCATTERING IN Hgl-x-CdxTe, Robert C. Bowman Jr. and John
Alc Agl_ c ALLOYS, G.M. Stocks and D.M. F. Knudsen, The Aerospace Corporation, El
Nicholson, Oak Ridge National Laboratory, Segundo, CA; and R. Gregory Downing, Nation-
Oak Ridge, TN; F.J. Pinski, University of al Institute for Standards and Technology,
Cincinnati, Cincinnati, OH; J.B. Staunton, Gaithersburg, MD.
University of Warwick, United Kingdom; D.D.
Johnson, Sandia National Laboratory, Liver- 9:15 J5.3
more, CA; and B.L. Gyorffy, University of SANS MEASUREMENT OF HYDROGEN-DISLOCATION
Bristol, United Kingdom. CORRELATION IN PALLADIUM, Brent J. Heuser,

G.C. Summerfield, J.S. King, University of
4:00 J4.8 Michigan, Department of Nuclear Engineering,

PHASE DIAGRAMS AND DIFFUSE NEUTRON SCATTER- Ann Arbor, MI; and J.E. Epperson, Argonne
ING, R. Caudron, F. Solal, A. Finel and M. National Laboratory, Material Science/IPNS
Sarfaki, ONERA, Chatillon, France. Department, Argonne, IL.

4:15 J4.9 9:30 J5.4
DIFFUSE NEUTRON SCATTERING STUDY OF THE STUDY OF PREFERRED ORIENTATION IN GEOLOGICAL
SHORT-RANGE ORDER IN Fe 20at% Al ALLOY, SAMPLES WITH PULSED NEUTRONS, Allen C.
Werner E. Schweika, Institut fUr Festkbrper- Larson, Phillip J. Vergamini, Manuel Lujan
forschung, KFA Jillich GmbH, Jillich, West Jr., Los Alamos National Laboratory, Neutron
Germany. Scattering Center (LANSCE), Los Alamos, NM;

Rudy Wenk, University of California, Berkel-
4:30 J4.10 ey, Department of Geology and Geophysics,

LATTICE MISFIT AND DECOMPOSITION IN NI-AL-MO Berkeley, CA.
ALLOYS, Hector Calderon and Gernot Kostorz,
ETH Z~rich, Angewandte Physik, Zdrich, 9:45 BREAK
Switzerland.

10:00 *J5.5
4:45 J4.11 RESIDUAL AND APPLIED STRESS ANALYSIS, Aaron
INFLUENCE OF INTERSTITIAL OXYGEN ON THE D. Krawitz, University of Missouri, Depart-
LATTICE PARAMETERS OF SOLUTION-TREATED AND ment of Mechanical and Aerospace Engineer-
AGED TI-8.6AL ALLOYS, George T. Gray III and ing, Columbia, MO.
A.C. Lawson, Los Alamos National Laboratory,
Los Alamos, NM. 10:30 J5.6

RESIDUAL STRESS MEASUREMENTS BY MEANS OF
5:00 J4.12 NEUTRON DIFFRACTION, H.J. Prask and C.S.

IN-BEAM SMALL-ANGLE SCATTERING STUDIES OF Choi, National Institute of Standards and
PHASE SEPARATION IN NJ-TI SINGLE CRYSTALS, Technology, Reactor Radiation Division,
Alberto Cerri, University of Vienna, Solid Gaithersburg, MD.
State Physics Department, Wien, Austria;
Bernd Sch6feld and Gernot Kostorz, ETH 10:49 J5.7
ZOrich, Angewandte Physik, Zirich, Switzer- RESIDUAL STRESS ANALYSIS BY NEUTRON TIME-OF-
land; Albert F. Wright, Institut Laue-Lan- FLIGHT AT A REACTOR SOURCE, H.G. Priesmever,
gevin, Grenoble, France. Institut fUr Reine und Angewandte

Kernphysik, Universit~t Kiel, Geesthacht,
SESSION J5: ALLOYS II AND RESIDUAL STRESS West Germany; and J. Schroder, Institut fUr

Chair: B. Wuensch Werkstofforschung, Geesthacht, West Germany.
Wednesday Morning, November 29

Yarmouth/Vineyard (M) 11:00 J5.8
EFFECT OF HEAT TREATMENT AND UNIAXIAL COM-

8:30 *JSl PRESSION ON THE RESIDUAL STRESSES IN U-0.8
COMPOSITION AND PROFILE DETERMINATION OF wt. % Ti ALLOY MEASURED BY NEUTRON DIFFRAC-
LIGHT ELEMENTS BY NEUTRON ABSORPTION REAC- TION, A. Salinas-Rodriguez, T.M. Holden,
TIONS, R. Gregorv Downing, George P. Lamaze, J.H. Root, S.R. MacEwen, Chalk River Nuclear
John K. Langland and Brent L. Grazman, Laboratories, Ontario, Canada; and G.M.
National Institute of Standards and Technol- Ludtka, Martin-Marietta Energy Systems, Oak
ogy, Gaithersburg, MD. Ridge, TN.
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11:15 J5.9 2:45 J6.5
NEUTRON MEASUREMENT OF RESIDUAL STRESSES IN THERMODYNAMIC INTERACTION PARAMETERS OF
A USED RAILWAY RAIL, Peter J. Webster, Keng STEREOREGULAR PMMA, James M. O'Reilly,
S. Low, Gordon Mills, University of Salford, Eastman Kodak Company, Corporate Research
Department of Civil Engineering, Salford, Laboratories, Rochester, NY; Hsinjin Yang,
United Kingdom; and George A. Webster, Eastman Kodak Company, Commercial Systems
Imperial College, Department of Mechanical Information Group, Rochester, NY; and David
Engineering, London, United Kingdom. Teegarden, Eastman Kodak Company, Corporate

Research Laboratories, Rochester, NY.
11:30 J5.10
NEUTRON DIFFRACTION ANALYSIS OF RESIDUAL 3:00 BREAK
STRESS IN CORROSION RESISTANT ALLOYS, Mich-
ael P. Anderson, Exxon Research and En- 3:15 *J6.6
gineering Company, Annandale, NJ; Maurice STRUCTURE AND DYNAMICS OF GLASSES AND LI-
Watkins, Exxon Production Research Company, QUIDS, David L. Price, Argonne National
Houston, TX; and David Vakmin, Brookhaven Laboratory, Materials Science Division,
National Laboratories, Upton, NY. Argonne, IL.

11:45 J5.1 3:45 J6.7
NEUTRON DIFFRACTION MEASUREMENT OF STRESS CROSSOVER IN THE VIBRATIONAL DENSITY OF
FIELD DURING FATIGUE CYCLING OF A CRACKED STATES OF SILICA AEROGELS STUDIED BY HIGH-
TEST SPECIMEN, M.T. Hutchings, C.A. RESOLUTION NEUTRON SPECTROSCOPY, H. Conrad,
Hippsley, and V. Rainey, Harwell Laboratory, Argonne National Laboratory, Materials
Materials Physics and Metallurgy Division, Science Division, Argonne, IL; R. Schatzler,
Didcot, United Kingdom. Institut fir Festk6rperforschung der KFA

J~lich, JfIlich, West Germany; and J. Fricke
SESSION J6: POLYMERS AND DISORDERED SYSTEMS and G. Reichenauer, Physikalisches Institut

Chair: G. G. Long der Universitat WUrzburg, Am Hubland, Wrzb-
Wednesday Afternoon, November 29 urg, West Germany.

Yarmouth/Vineyard (M)
4:00 J6.8

1:30 *J6.1 VIBRATIONAL EXCITATIONS OF WEAKLY CONNECTED
DYNAMICS OF STAR-BRANCHED POLYMERS IN SOLU- SOLIDS, D.W. Schaefer, C.J. Brinker, and
TION, J.S. Huang and L.J. Fetters, Exxon C.S. Ashley, Sandia National Laboratories,
Research and Engineering Company, Annandale, Albuquerque, NM; D. Richter and B. Farago,
NJ; D. Richter and B. Farago, Institut Laue- Institute Laue-Langevin, Grenoble, France.
Langevin, Grenoble, France; and B. Ewen, Max
Planck Institut Fur Polymerforschung, Mainz, 4:15 J6.9
West Germany. VIBRATIONAL SPECTRA FOR HYDROGENATED AMOR-

PHOUS SEMICONDUCTORS, W.A. Kamitakahara, R.
2:00 J6.2 Biswas, A.M. Bouchard, Iowa Sate University,

MICROSTRUCTURE AND ISOTOPIC LABELING EFFECTS Ames Laboratory and Microelectronics
ON THE MISCIBILITY OF POLYBUTADIENE BLENDS Research Center, Ames, IA; F. Gompf and J.B.
STUDIED BY THE SMALL ANGLE NEUTRON SCATTER- Suck, Kernforschungszentrum Karlsruhe, INFP,
ING TECHNIQUE, S. Sakurai, H. Hasegawa, T. Karlsruhe, West Germany.
Hashimoto, I.G. Hargis, S.L. Aggarwal and
C.C. Han, National Institute of Standards 4:30 J6.10
and Technology, Polymers Division, Gaithers- INELASTIC NEUTRON SCATTERING STUDIES OF
burg, MD. NONLINEAR OPTICAL MATERIALS: p-NITROANILINE

ADSORBED IN ALPO-5, Jacgueline M. Nicol,
2:15 J6.3 University of Maryland, College Park, MD and

CHARACTERIZATION OF MOLECULAR NETWORK OF National Institute of Standards and Technol-
THERMOSETS USING NEUTRON SCATTERING, Wnjj ogy, Reactor Radiation Division, Gaithe-
Wu, National Institute of Standards and rsburg, MD.
Technology, Polymers Division, Gaithersburg,
MD. 4:45 J6.11

DIFFUSE NEUTRON SCATTERING FROM EXCESS
2:30 J6.4 OXYGEN IN U02. 1 3 , J.P. Goff and M.T.

SHEAR INDUCED PHASE BEHAVIOR OF POLYMER Hutchings, Harwell Laboratory, Materials
BLENDS BY SMALL ANGLE NEUTRON SCATTERING, Physics and Metallurgy Division, Didcot,
Alan I. Nakatani, Hongdoo Kim, and Charles United Kingdom; and W. Hayes, Clarendon
C. Han, National Institute of Standards and Laboratory, Oxford, United Kingdom.
Technology, Polymers Division, Gaithersburg,
MD.
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5:00 J6.12 9:45 J7.6
COMPARISON OF NEUTRON ELASTIC AND INELASTIC CHARACTERIZAT1ON OF CHEMICALLY MODIFIED PORE
SCATTERING FROM FUSED QUARTZ, CAB-O-SIL AND SURFACES BY SMALL ANGLE NEUTRON SCATTERING,
AEROGEL, John H. Root, William J.L. Buyers, C.J. Glinka, L.C. Sander, N.F. Berk and W.
Atomic Energy of Canada Ltd., Chalk River, Haller, National Institute of Standards and
Canada; John H. Page, University of Mani- Technology, Reactor Radiation Division,
toba, Winnipeg, Canada; Dale W. Schaefer and Gaithersburg, MD.
C.J. Brinker, Sandia National Laboratories,
Albuquerque, NM. 10:00 BREAK

SESSION J7: POLYMERS AND DISORDERED MEDIA 10:15 J7.7
Chair: T. P. Russell PRECURSOR MORPHOLOGY AND MICROSTRUCTURE

Thursday Morning, November 30 EVOLUTION IN POROUS SILICA BY SMALL ANGLE
Yarmouth/Vineyard (M) SCATTERING, G.G. Long, S. Krueger, D.R.

Black, and J.P. Cline, National Institute of
8:30 J Standards and Technology, Gaithersburg, MD;

STUDY OF THERMAL EXPANSION OF GRAPHITE AND R.A. Gerhardt, Rutgers University, Pis-
HNO 3-GIC BY NEUTRON DIFFRACTION, Haim Pinto, cataway, NJ; and P.R. Jemian, Northwestern
Mordechai Melamud, and Hagai Shaked, Negev University, Evanston, IL.
Nuclear Research Centre, Beer-Sheva, Israel.

10:30 J7.8
8:45 J7.2 SMALL ANGLE NEUTRON SCATTERING STUDY OF

CHARACTERIZATION OF SOL-CLAY COMPOSITES BY CRITICAL BINARY FLUIDS IN POROUS GLASSES,
SMALL-ANGLE NEUTRON SCATTERING, Ahmad Moini S.B. Dierker and P. Wiltzius, AT&T Bell
and Thomas J. Pinnavaia, Michigan State Laboratories, Murray Hill, NJ.
University, Department of Chemistry and
Center for Fundamental Materials Research, 10:45 J7.9
East Lansing, MI; and P. Thiyagarajan, SMALL ANGLE NEUTRON SCATTERING STUDY OF SOL-
Argonne National Laboratory, IPNS Division, GEL GLASSES, P. Wiltzius and S.B. Dierker,
Argonne, IL. AT&T Bell Laboratories, Murray Hill, NJ.

9:00 J7.3 11:00 J7.10
NEUTRON SCATTERING STUDY OF LAYERED SILI- USE OF NEUTRON DIFFRACTION AND RIETVELD
CATES PILLARED WITH MULTIMETHYLAMMONIUM ANALYSIS TO STUDY THE BEHAVIOR OF NEUTRON
IONS, D.A. Neumann, J.J. Rush, National IRRADIATED URANIUM SILICIDES, R.C. Birtcher,
Institute of Standards and Technology, M.H. Mueller, J.W. Richardson Jr., Argonne
Reactor Radiation Division, Gaithersburg, National Laboratory, Materials Science
MD; J.M. Nicol, National Institute of Stan- Division, Argonne, IL; and J. Faber Jr.,
dards and Technology, Reactor Radiation Amoco Research Center, Naperville, IL.
Division, Gaithersburg, MD and University of
Maryland, College Park, MD; Y.B. Fan, H. 11:15 J7.11
Kim, S.A. Solin, T.J. Pinnavaia, Michigan HELIUM DENSITIES IN BUBBLES PRODUCED IN
State University, Department of Physics, IRRADIATED NICKEL MEASURED BY SMALL ANGLE
East Lansing, MI; N. Wada, Colorado School NEUTRON SCATTERING, Q. Li, HMI Berlin GmbH,
of Mines, Department of Physics, Golden, CO; Metallische Werkstoffe, Berlin, West Ger-
and S.F. Trevino, National Institute of many; D. Schwahn, H. Schroeder, W. Kester-
Standards and Technology, Gaithersburg, MD nich, and H. Ullmaier, KFA JOlich GmbH,
and ARDEC, Picatinny Arsenal, NJ. Institut fir Festk6rperforschung, Jilich,

West Germany.
9:15 J7.4

OBSERVATION OF MICELLAR FORMATION IN THE 11:30 J7.12
CAVITY OF POROUS SILICA GLASS, Kenneth SURFACE EVAPORATION IN A POLYMER MIXTURE OF
Bradley, Argonne National Laboratory, Ar- LONG AND SHORT CHAINS, Russell J. Composto
gonne, IL; Sow-Hsin Chen, Massachusetts and Richard S. Stein, University of Mas-
Institute of Technology, .Nuclear Engineering sachusetts, Polymer Research Institute,
Department, Cambridge, MA; and Pappannan Amherst, MA; G.P. Felcher, A. Mansour, and
Thiyagarajan, Argonne National Laboratory, A. Karim, Argonne National Laboratory,
Argonne, IL. Argonne, IL.

9:30 .
ANALYSIS OF SANS FROM CONTROLLED PORE GLAS-
SES, _ C.J. Glinka, W. Haller and
L.C. Sander, National Institute of Standards
and Technology, Gaithersburg, MD.
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11:45 J7.13
TRANSESTERIFICATION KINETICS OF A MAIN CHAIN
AROMATIC POLYESTER, W. A. MacDonald, ICI
Advanced Materials, Materials Research
Centre, Cleveland, United Kingdom; G.
McLean, A.D.W. McLenaghan, and R.W.
Richards, University of Strathclyde, Depart-
ment of Pure and Applied Chemistry, Glasgow,
United Kingdom.

12:00 J7.14
SANS STUDY OF CAPILLARY CONDENSATION IN
PORUS MEDIA, M.Y. Lin, National Institute of
Standards and Technology, Gaithersburg, MD,
and Princeton University, Department of
Physics, Princeton, NJ; S.K. Sinha, J.S.
Huang, B. Abeles and J.M. Drake, Exxon
Research and Engineering Company, Annandale,
NJ.
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31. 1 best avallable facilities for conventional neutron scattering Studies at
the atomic or small-molecule sale. The most extensive instrumentationNEUTRONS: THE KINDER, GENTLER PROBE OF CONDENSED wi be for studies of materials on the nm to om s , for example,

MATTER. John D. Axe, Brookhaven National Laboratory, colloids, polymers, ceramics, alloys and composite%. Thos Instumenu will
Upton , NY. be situted in a low-background guide hall, into which beams from two cold

sources (T-20 K) wil be carried by neutron guides. There will be routine
provision of neutron polarization Analysis, An extremely important technique
which to date has sueffeed from Urginal intensity at existing soudrce.

Neutrons are a nearly ideal structural probe of bulk Polarization analysis has obvious applications in all sttdies of magnetic
condensed matter. They are electrically neutral, materials, but It has equally powerful, though less well-known, applications

in non-magnetic studies, for eample of subtle structural correlation effecta
penetrate deeply and interact weakly (but precisely) in polymer.
with the atomic nuclei. Light atoms and neighboring
atoms in the Periodic Table can be readily O1.4
distinguished. Because neutrons have a magnetic THE APPLICATION OF NEUTRON TOPOGRAPHY TO THE
moment, the magnetic arrangement of electrons (and STUDY OF X-RAY SENSITIVE OROANIC SINGLE
even of nuclei!) can also be probed. Being relatively CRYSTALS - A POSSIBLE ALTERNATIVE TO X-RAY
massive, (unlike x-rays and electrons), neutrons with TOPOGRAPHY. M.Dudley. Dept. of Materials Science

and Engineering. SUNY at Stony Brook, Stony
wave-lengths comparable to interatomic distances have Brook NY.
meV rather than keV or eV energies, allowing inelasticscteigstudies of phonons, spin waves and other Neutron topography has been carried out on
scattering organic single crystals of varying X-ray
thermal excitations. For areas as diverse as depth sensitivity, in order to test the feasibility of
profiling and residual stress analysis to the structure the technique as an alternative to X-ray

topography for the study of the influence of
of polymers and glasses, neutrons provide unique and defects on the solid state reactivity of X-ray
inrispensable information. This talk will try to provide sensitive single crystals. Specimens studied
an overview of the versatility and subtlety of modern include the diacetylene PTS, and Pyrene. A

comparison of the strain sensitivity and spatial
thermal neutron scattering techniques, and their resolution of the neutron and X-ray based
present and future role in condensed matter research, techniques is made. Preliminary results of

dynamic neutron topographic studies of the UV
JI.2 induced polymerization in PTS are presented.

These results are compared to those obtainedNEUTRON SCAlTEPJNG INSTRUMENTATION. Roger Pynn. from simiLlar X-ray topographic studies.

LANSCE, Lo- Alamos National Laboratory, Los Alamos, NN187545.

Results indicate that the neutron technique is a
Becauseneutronscatterngisasignal-limitedtechnique, specialized useful ally technique to the analogous X-ray
instrumentanon has been developed to measure various features of the techniques in studies of the influence of
fluctuation spectraof materials. in spite of this diversity, most neutron defects on reactivity in specimens of moderate
scattering spectrometers are constructed from a small number of optical
elements each of which serves to define either the energy or the trajectory of sena y sensi tivity. In casies of e xtrem
a neutron beam. A variety of the optica; elements which are in use at sensitivity, the neutron technique is the only
ceactor-based installations and pulsed spallaion sources will be discussed in one available for studies of this nature.
this tAL Inadditon. I will describe the way in which powder and single- Synchrotron topography performed in part on
ciystal diffraction, small angle scattering, reflectometry and some types of beamline X-19C at the NSL$ which is funded by
inelasticscatteringarecarried out in practice at both types of source. Iwiu DOE under contract DE-FG 2-8 ERi5098. Neutronalso consider the limitaions which current neutron scaering spectrometers topography experiments were performed at ILL

place on our ability to obtain information from the technique. This partof Grenoble. and were funded by the SERC.
the presentation should permit potential users to better assess whether
neutron scattering can contribute to a solution of their research problems.

31 .5

J1.3 MULTIPLE SMALL ANGLE NEUTRON SCATTERING CHAkRACTERIZATION
OF THE DENSIFICATION OF ALUMINA. S. Yruerer and G.G.

tHE ADVANCED NEUTRON SOURCE. JnB. Solid State Long, National Institute of Standaids and Technology
Division, Oak Ridge Nationsl LAboratory, P.O. Box 2008. Oak Ridge, (formerly NBS), Gaithersburg, MDi; and R.A. Page, Southwest
Tenneasee 37831-6393. Research Institute, San Antonio, TX.

The Advanced Neutron Source (ANS) is a new user experimental facilly Multiple small angle neutron scattering (tSANS) was used
planned to be operatlonal at Oak Ridge in the late 1990's. The center- to characterize the pore evolution of o-A120 3 sintered to
plaw of the AlS will be a steady-state research reactor of unprecedented densities ranging from 57 to 99% of theoretical density
thermal neutron flux (#& o 9" 1019 m-2" "0) accompanied by wxtCsive and (TD). t4hen multiple scattering dominates the total
comprehenslve equipment and facilides for neutron-based research. The scattering cross-section, effective radii for the pore
ANS provides the firs: opportunity In more than two decades to construct a size distributions are obtained by measuring the
neutron research bcily in which the reactor, besmlines and Instruments wavelength dependence of the shape of the scattering
a designed as An optimal insgeated package, taking advantage of the curves at low scattering vector. The size regime
many neW techniques which hv been developed since the Advent of the available to this technique lies between 0.08 and 10 mm,
ILL high flux reactor in 1renabla (sbm1.S. 1019 m2-s-1). State-of-the-sn which is the relevant microstructure size range in
facilities will be provided for fundamental and nuclear physics studies, ceramics, compared to the 1 to 100 nm range generally

atefils irraation, radi stOpe and tranaurani element production, available with small angle neutron scattering methods.
aNd materials analysis, but the prlmay role of the ANS will be to
support neutron scattering for condeased.mater researclL Conventionally sintered A12 03 samples were studied, and

the results indicated an initial decrease in the effective
Neutrol Isecta will be aIvalable in all enrga ranges of Interest to pore radius from 0.19 um at 57% TD to 0.17 um at 79% TD.
i "et" sci A Iowa (T34= X) w be instrmmeted for studie As the sample density further increases, the effective
of magnetic and other etations up to about 100 moV energy transfer, as pore radius grows more rapidly to >0.5 um at 99% TD.
woU a for diffraction, while thermal beams (T1320 K) will provide t Standard Porod analysis on the high angle portion of the
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(1 e Thows ai gradual increase in the Standards and Technology, Gaithersburg, NO.
etfective poro rau~i as the sampedensity increased from
57% to 79% TD,* and then a more rapid increase upon further The cubic pyrochlore structure type A2B207, space group Fd3m, is a
densificacion. Both results indicated a clear break superstructure with lattice constant double that of a fluorile-like array

F bet'eeen the intermediate and final stages of processing. of ions. Cations A and B order in positions 16c and 16d; oxygent ions
The ?tSAINS and Porod analyses are combined to model the are ordered in 48f and 8a, leaving an anion vacancy (relative to
total pore size distribution during each stage of thermal fluorite) at 8b. Y2 Ti2O7 is a fully-ordered pyrochiore, whereas Y2Zr2O7
processing. is fully disordered and statistically has the fluorite structure. Inter-

mediate solid solutions have partial order. Moon and Tuiler (Solid
J1.6 State Ionics 28-30 (1988) 470] found a progressive increase in ionic

TNNNW. llIFFUl~ SC&TflhINC IN1 EUTRON TIMI-O?-PLICHT PODE conductivity by two and one-half orders of magnitude (1.6 10- to 5.0
PATTERNS , Mislag J. Radler and Jerome 3. C~ohen, I D3 ohiztt cm- 1 at 100000 to accompany the disorder: Powder diffrac-
Department of Materiasa Science & Engineering, The tion patterns obtained with 1.553A thermal neutrons have been
Technological Institute, Northwestern University, Evanston, subjected to Rietveld analysis to permit correlation of ionic conduc-
IL 60208, and John Faber, Jr. , Materials Science Division, tivity and structure. Typical residuals are RBragg = 2-17%, RWP =
Argonne Notional Lab0oratory, Argonne, 11 60439 9.96% and RE_ = 7.36%. Most of the information on ordering is con-

tained in the superstructure intensities. Identically zero in the
Cation Interstitial sits occupations at elevated disordered fluorite state, the magnitudes of the superstructure inten-

t temperatures (1123 to 1673 K) in the nonatoichiometrie sities are determ-ined by the difference between the scattering length of
transition metal monoide. 1 Co1-.0- 14n1,,O, and Fel.,p, have the cation species which order in the A or B site and the average cation
been studied with in-situ time of flight neutron powder scattering length for a given composition. The scattering 1. -0 of Ti is
diffraction. Inelastic scattering from lattice phonoina -egative (-0.3438) relative to values 0.775 and 0.716 for Y and Zr,
contributes a sizeable fraction of the observed Brags respectively. The average cation length is consequently small, and the
intensity at large scattering vector, Q . Ignoring this difference between individual and average scattering lengths unu-I thermal diffuse scattering (TDS) leads to errors In the sually large. The superstructure maxima are thus as much as three
site occupations and temperature factors. The intensity times more intense than the fluorite-type substructure intensities.
from one phonon TDS has been calculated as a function of Neutron scattering is therefore an especially sensitive measure of order
time-of-flight and used to correct the measured in the present system.
intensities. A brief review of the theory and calculaticin
of the TDS spectra will be presented. Examples of
calculated IDS spectra for these rocksalt structure oxides Ji.9
and the effect of the correction will be discussed. SMALL ANGLE NEUTRON SCATTERING INVESTIGATIONS OF

NANOPHASE Ti, TiO2 AND Pd.* R LLBpern, J. W. Whitc'", R, W.
.3'. 7 Siegel, J. A. Eastman. Y. X Liaot. and A. Narayanasaznylt, Materials

REAL SPACE METHOD OF POWDER DIFFRACTION FOR Science Division, Argonne National Laboratory, Argonne, IL 60439
NON-PERIODIC AND N EARLY- PERIODIC MATERIALS. T. Thne microswauctural characteristics of nanophase Ti, T10 2 and Pd have been
Em~iiii. 13. H. Tohy, 11. Dnowski. University of Pennsylvania. investigated by small angle neutron scattering (SANS) techniques.
Phlilatlelphia. PA-. (hr. Janot. Institut-Laiie-Langevi. Grenoble. Nanophase particles of Ti and Pd were prepared by evaporation of the
FR; .1. D. Jirgensen. Argonne National Laboratory. Argonne. IL. respective metal and by condensation in an inert gas atmosphere; for

preparation of TiO2, oxidation of the nanophase Ti to TiO2 was carried out
A large nmber oftmaterials are either non-cryslalline or are strongly in the fabrication apparatus. Parnicles were collected and compacted into

(hvitt~ f('iiprfctpeidiit.If we apply a crystallographic hin disk apprpit, o ASsmls o the , T iOan PdSNi ate j d of n p eriu ct pr yi so d these m a e i l e h v o m k nves i ations r e a rr e u f e e e t d s nt r n n e l n s rthe~~~~~~~~~~~~~ Uao hs i h A Si v siai n eec ne out af ot i c r
la awkwar Ass umpnltio of lstiedo-I erioclicity. since these analyses 0e doigw t m lm asured amou t of o yge . hem im m e t -

i-ely hleavily up)on thle asstupt ion of periodicity. Instead, however. py method was used toaayeteSinteigda.herslsfrTOae
It is nmost itseful to go through anl intermediate step of obtaining ieretdntrmofa microtrucaloe coni oft nomtr
thie atconic Pair (listiiluitioi function IPDF) by the direct Fourier szd ain searte by abu 0. i iebudayrgosh
naiisfcrmaticn (if the norinahized intensity. This method, the real bundr regions conaning sml void or ports, and mtrathtwas at

most some 60-70 percent of the bulk density. Because of the volume
~l'~ nitlid. as een m~id s fa liilnrilyon on-r~'taline expansion upon eation, oxidation of nanophase Ti resulted in gradual

ateriails. bilt it was shown recently that they are equally effective closing of the originally accessible pores. For practical purposes, oxidation
ini analyzing the structure of crystalline solids with internal randonm- at ambient temperature ceased until the protective oxide coating was
tiess. We (liscii-s our recent results of the PDF analysis of super- breached.
e~nidictinig oxides carried out using a pulsed neutron source (IPNS)

;""I a hot thermal neutron source (ILL). 'With the pulsed source J2.1

le,tli the elastic and inelastic scatteiniig intensities, while with the R. FA3RJ, Leniatfskir e Lt,) br illouin, CFN SA .LAT,
hoti thermal source only the elastic scattering intensity determained ',1191 GlF-5'h-:v',1TTE Ceeix (Fe cei

1). a trilld-axis spectromreter was used in calculating the PDF. It
Wit, fomand that igh Tc oxides such as Tl 2 Ba 2 CaCu 2 O.l ha"ve a Sig- phfuleO ao,. I 1~U'i V( LIi~d
iiicmant (lisplacive atoinic shiort range order, which appeal to change rptcs, suct as ref lection, refract ion an~d finer feierces,

wit tiii~eattre Te ispacveordrig owes he are also observed w ith slow neutrons. Intormnf on
wit teipra tre.Th diplair orerng owrs he surfac~e orpanisalion, described .by a refractive index

l'cal syonniiietry. for ins~tance froin tetragonal to orthorhomnbic. The profile, can be extracted from ref lection experiments.
,.ffe't of. such shiort range ordlering on the suiperconductivity% will b~e Trese Inoteinaesm a oToeOlie yXry

istse.reflection ihowever there are somre instances where
the new neutron method provides a distinct advantage.

Ji .8 Th~e refractive 'index is simply related to the scattering
length density, a parameter which describes the

NEUTRON RIETVELD ANALYSIS OF ANION AND CATION neutro-matter interaction, Due to The magnetic
DISORDER IN THE FAST-ION CONDUCTING PYROCHtLORE interaction, magnetic materials have a neutror, spin
SYSTEM Y2(ZrxTil.x)207. Sossina M Haile and B. J. Wuensch, dependent refractive index, and a critical ref lect ion
Department of Materials Science and Engineering, M.I.T., Cambridge, of polarise! neutrons is a particjlar ly sensitive probe
MA, and E. Prince, Reactor Radiation Division, National Institute of of suface magnetism. on the other hand, in contrast
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to X-rays, neutron scat tering length values vary randomly region near the Y interface, exhibits a& uniform magnetic moment.
from elemrent to 6Iemenl isolopic subst itution can We will compare the depth-dependence of the magnetization at the
then produce large contrast in the scattering length Y interface with the chemical interdiffusion as determined by x-ray
density. Of par-ticular Importance is the Is-ge difference rfetmty elr ta.hv bevdasraemgei e
between Hydrogen and Deuterium. This is used with a elcoer.Wlee l av bevdasraemgei o
distinct advantage to study many problems in surface mnent above T, on Cd(O001) films in vacuum.2 We have searched for

iis';-.pprticularly in the polymer field. such astate at T=29.5l( and find. within experimental uncertainty, no
net moment at the Gd-Y interface. This result is in agreement with

J2.2 results obtained for Gd-Y superlattices studied b% polarized neutron
VIBRATIONAL SPECTROSCOPY OF SURFACE SPECIES: INELASTIC diffraction and suggests that the Gd-Y interface is indeed different
NEUTROJ SCATTERING. J Tomkinson, Rutherford Appleton than the surface of Gd it) vacuum. We wvill also discuss complemen-
Laboratory, UK; and G J Kearley, ILL, Grenoble, France. tary grazing-angle neutron diffraction experiments.

Recent results on the vibrational spectroscopy of J2.5
absorbates on catalytically active surfaces shall be
presented. These were obtained on the TFXA spectrometer NEUTON DIFFRACTION STUDIES OF Cd MnSEPLYSAD
isis, UK. This spectrometer covers the molecular ZnSe/NniSe MULTILAYRS. 7 M. G rwic z, Univ. of Notre
vibrational frequency range, 20 to 4000 cm-

1 
, with the Dame, Notre Dame, IN., and National Instit. of Standards and

highest resolution presently available. The role of Technology, Gaithersburg, MD; P. losowski, Univ. of Notre
model compounds will be included. Calculated neutron Dame; J.J. Rhvne, Nazi. Inst. of Standards and Technology;
spectra, using CLIMAX etc, (with overtones, combinations, N. Samarzh, HN. Luc, and J.K. Furdyna. Univ. of N~otre Dame.
and phonon wings) ensures consistent assignments. -erpr eto ifato tde fcytlorpi
Spectroscopists now have access to the vibrations of an reprtnet ropdert o suies of MEg n CrystallnS plograpi

moleulesadsrbedon commrcia" ctalyts.and ZnSe/4nSe super2.attices. Unlike bulk Ca1  MASe cr-,stals
wnich exist only in the wurtzite structure up to x=0.50,

J2 .3 epilavers grown on (100) GaAs can be obtained in the zint-
blende type form w4ith x as high as high as x-<0.75 (with

INTERIDIFFUSION OF CADMIUM ARACHIDATE IN thicknesses up to 1.5 pm). In ZnSe/MnSe multilayers, the
LANGMUIR-BLODGETT FILMS. MnSe and the ZnSe layers grow both in the zint-biende strut-

IBM-RCRO. illke, P. ure, althouzh bulk MnSe forms only NaCl-zvpe crystals. We
P. Sroev, J.. Raolthave investigTated superlattices containing 100-200 ZnSe/?in~e

Felcher, Argonne National Laboratory and S.H. Chen, bilavers with t-hick-nesses 60-105 A. and MnSe laver thicknes-
MIT sea 2'2-49 A. Nuclear diffraction. patterns from the multi-

,avers exhibit a n1Imb.er of satellit*:e lines well eole
trom the GaAs Bragg reflections, in good agreement with the-

The interdiffusion of Cadmium Arachidlate (CdA) in oretical calculations. At low T we have observed additional
Lang muir-Blodgett films has been studied by neutron ciffraction maxima, clearly indicating an antiferromagnecic

reflection at the Intense Pulsed Neutron Source. One .. e Isistuueinhe neler.Tep iiosfthe magnetic peaks show that there is a significant tetrago.
of the samples consisted of a few layers of perhydro nal distortion these lavers. In contrast, oizfraction data
H-CdA deposited on a silicon Support, overlayered f::om _.t.a :_._M ,~5Se ep2.avers showed no such distortion, de-

with a few layers of perdleutero D-CdA, for a total sieth gerlgeatceis th (-)btwn teerilaver material and the GaAs substrate. Broadening of thethickness of -300 Angstroms. In a second sample the nuclear reflections shows, however, that the mismatch
layers of perhydro- and perdleutero- CdA were produces a consideratle sztta-n in the epilayers. 7-n samples
seperated by two monolayers of H-n-octadecene awith x-0.70 and 0.75S at low 7 we have observed Type:1I

Ico-alec aid cpolrne. Wen hate fo 15 difraction maxima wit'h no excess width, indicating the
fcomaei acd oplyer.Whn eatd or15 existence of a long-range antiferromazrnetism which

minutes at 700 C, well below the disorder hs never been observed in anY oth. er material from the
temperaturel, approximately 25% of the D-CdA A.-xstn B las
rni-cules were replaced by H-CdA molecules,
although the overall Lang muir-Blodgett fi'mn structure J2.6
is known to remain unchanged 1 . The presence of LOCAL ENVIRONENTAL EFFECFS LN MAGNETIC ALLOYS AND
copolymer layers limited the interdliffusion process to MULTILAYERS: CALCULATIONS OF THE STATIC RESPONSE
about 5%. FUNCTIONS. D.D.Johnson, Sandia National Laboratories,

Livermore, CA; J. B. Staunton, University of Warwick, Coventry,
J2 U.K.; B. L. Gyorffy, University of Bristol, Bristol, U.K.; P. J.J2.4Pinski, University of Cincinnati, Cincinnati, OH; 0. M. Stocks, Oak

NEUTRON REFLECTIVITY M*DTY OF GD.Y INTERFAC. Ridge Nationsl Laboratory, Oak Ridge, TN.
J F Ankritr and 11. Zalrel. IUni'csit-.. of lli~nois at lVrbana- We pres;ent results of first- principles calculations of 'local' response
Champoaign, rrbana. 1,:' D.A. Neurnann and C.F. Majkrzak, Na- functions in magnetic alloys, such as the change in the local magnetic
tonal Institute of Standards and Tccbnoloy. Gaithersburg, NID; and moments, or hyperfine fields, due to changes in the local chemical
A Matheniv, I.A. Dura. and C P. Flynn, Universitv of Illinois at environment. These response functions, which may be directly compared
Zzbana- Champaign, 'Urbana,~ to neutron-scattering experiments, are derived via a mean-field statistical

mechanical description of compositional fluctuations in alloys. The
In~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~h~ reetyas hr a enagetda fitrs nsrae mal averages are performed via the Kortinga-Kohn-Rostoker coherent
In rcen vers, her ba bee a rea dea ofintrestin urfce, potential approximation, which incorporates the electronic structure of the

interface, and thin film magnetism. Using neutron reffectometry and high- temperature, chemically disordered state. As a first application of the
grazing-angie diffraction, one can determine the magnetic structure of theory, we have investigated FeV alloys and multilayers and compared

surfce nd ub~rfa~ la-er inthes tyes f sstem. W hae sud. our results with experiments on multilayers and a set of first-principle
suaed usn sin-po'elare nern thesetpofrysthemsinteae eteen Isupercell' calculations. All experimental trends for the magnitude of the
ied.0O anu d00)sing si-oaie etrntal filtmgrow y moineclarbeamee moments and the effects of the interface and interfacial alloying areY'001) nd G(001) ingl-crstalfils gown y mlecuar-eam reproduced, and there is good quantitative agreement with the 'supercell'
epitaxy (MBE). Bulk gadoliniumn is a ferromagnet with T, = 293R. calculations. These results suggest the utility of these response functions
Below T,, we observe, as expected. that the Gd layer, except for the for investigating the effects of changes in the chemical environment on the



alloy moments and for aiding experimental interpretation in other J2.9
multilayer systems that are less experimentally amenable than FcV. THE MORPHOLOGY OF SYMMETRIC DIBLOCK COPOLYMERS AS REVEALED

BY NEUTRON REFLECTIVITY. S.K. Satija and C.F. Majkrzak,
J2.7 National Institute of Standards and Technology,

EIERMINATiON OF HYDROGEN DENSITY PROFILES IN THIN FILMS AND Gaithersburg, MD 20899; S.H. Anastasiadis and T.P. Russell,

MULTILAYERS BY NEUTRON REFLECTION. C.F. Maikrzak, S. IBM Research Division, Almaden Research Center, San Jose, Ca

Satija, D. Neumann, J. Rush, D. Lashmore, C. Johnson, NIST, We report neutron reflectivity (NR) studies on thin films of
Gaithersburg, MD; J. Bradshaw, Optoline, Andover, MA; L. polystyrene/polymethylmethaceylete (PS/PMMA) diblock
Passell, R. DiNardo, BNL, Upton, NY copolymers. Due to chemical differences of the constituent

The density of hydrogen in thin films or multilayers of blocks and the different interactions of the bolcks with the
metal hydrides can be inferred from an expansion of the host air and substrate interfaces, these thin films, once heated
lattice as measured by conventional x-ray diffraction above the glass transition temperature, form a multilayer
techniques. However, because hydrogen and deuterium have morphology. MR studies were made on a series of symmetric,
scttehniques. He r diblock PS/PMMA copolymers where the molecular weight of the
scattering lengths for neutrons that are comparable to those individual blocks was varied from 15,000 to 150,000. All

of most metal nuclei, unlike the corresponding case for x- in s were h a to ried fo atleast 72 hu trayatoic caterig apliude, te hdroen enstyspecimens were heated to 170"C for at least 72 hours to
ray atomic scattering amplitudes, the hydrogen density achieve full orientation of the microdomains and reach
profile normal to the surface of a flat, thin film can be equilibrium. It was found that the long peroid,,
determined directly from neutron reflectivity measurements. characterizing the cednter-to-center distance of the PMMA
The hydrogen density modulation in an artificial cenc
superlattice along the growth direction can also be lamellae, varied as NO 65 . It was also found that the
determined in this manner. Furthermore, the thin films or interface between the PS and PMMA microdomains was 47±4A
multilayers need be neither crystalline nor metallic: for independent of the molecular weight of the copolymers. In
example, the H composition profile in a H-Si superlattice addition, the interface between PS and PMMA hohopolymers was
created by chemical vapor deposition can be obtained by found to be 47A. In all cases, a hyperbolic tangent
neutron reflection. function closely described the variation in the composition

across the interface. While the functional form of the
Often hydrogen can be loaded into a film or multilayer in interface and its invariance with molecular weight are
either a gas cell or electrolytically, in situ, thereby consistent with theorectical predictions, the magnitude of
making possible real time measurements of hydrogen the interface measured is nearly twice the theoretical value
concentration profiles in active electrodes. The latter derived from the statistical segment lengths of and the
configuration can be realized in practice by using a single interaction parameter between the PS and PMMA. this
crystal substrate (e.g., silicon), which is nearly discrepancy points to a misunderstanding of current ideas on
transparent to neutrons, as the incident medium. The the interfacial behavior of copolymers.
sensitivity of this method will be discussed and the results
of specific measurements on several materials, including a
Ni-Ti multilayer electrolytically charged with H and D, will J2o10
be reported. '.-'_TR0N RFLECTIVITY STUDY OF THE ORDER-DISORDER TRANSITION IN

; CN FILM DIBLOCK COPOLYMER FILMS. S.H. Anastasiadis and T.P.
Rustell, jBM Research Division, Almaden Research Center, San Jose,

J2.8 CA; S.K. Satija and C.F. Majkrzak, National Institute of Standards

" JELASTIC EFFECTS IN RARE-EARTH MULTILAYERS and Technology, Gaithersburg, MD.
AND FILMS. R.W. Erwin, J.J. Rhyne, National
:nstitute of Standards and Technology, Symmetric, diblock copolyemrs undergo a transition from an

Gaithersburg, MD; J. Borchers, R. Du, M.B. ordered, lamellar microdomain morphology to a phase mixed
salamon and C.P. Flynn, University of Illinois at morphology at the microphase separation transition temperature

Urbana-Champaign, Urbana, IL. (MST). The MST corresponds to the temperature at which XN=1O.5
where X is the binary, Flory-Huggins interaction parameter and N

Neutron scattering and SQUID magnetometry studies is the numoer of segments in the copolymer. In the ordered state
symmetric, diblock copolymers of polystyrene and

of [DyjY] and [ErIY3 multilayers and Dy and Er polymethylmethacrylate (PS/PMMA) are known to produce a lamellar
films have provided insight into the interplay of morphology oriented parallel to the substrate surface. In the
magnetoelastic and exchange interactions in rare- disordered state the oscillations in the composition of PS and
earths as the magnetic structures are strongly PMMA as a function of distance from the interface (air or
perturbed by elastic constraints. We are now substrate) are exponentially damoed. In this study the order-
able to show that the suppression of the disorder transition in thin films of PS/PMMA diblock copolymers
ferromagnetic transitions and the temperature was investigated by variation of termperature or molecular weight
dependence of the turn angles can be calculated of the copolymer. Either will produce a change in XN. Neutron
for the Dy materials by applying epitaxial reflectivity profiles from films of these copolymers are well
conditions to the standard theories, described by a scattering length density profile where the volume

Quantitative calculations are also in agreement fraction of the PS or PMMA as a function of the distance, z, from
with the observed critical fields in these air or substrate interface is given by j + 0E exp(-z/C)

materials. However, the energetics determining cos2(2%z/L) where L is the period of the oscillations, i is the
the magnetic structure in Er films and average where L is the excess surface ctonsrtn and
multilayers cannot be explained by composition, i
magnetoelasticity alone, since anomalous critical is the correlation length. Slight changes in L were found with
fields have been reported by Borchers et.al.1 increasing temperature and r was found to decrease markedly with
The turn angle in the Er multilayers is nearly increasing temperature. It was found, regardless of the molecular

temperature independent near the 2w/7 lockin weight copolymer, that C-1 varied linearly with ((XN) 5 - (XN))I/2

value, while in the thin films the turn angles
move closer to the bulk values. There is also a where (XN)s is the value of XN at the MST. Thus, at the MST, r is

30%- 50% reduction of the basal plane ordering infinite and the ordered morphology propagates through the entire
temperatures compared to bulk Er. thickness of the specimen as observed. These results are in very

-ood agreement with recent theoretical arguments.
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J2. 11 nificant.

THE STUDY OF SURFACES AND INTERFACES ON THE REFLECrONETER We have used the single crystal time-of-flight neutron
CRISP AT THE ISIS PULSED NEUTRON SOURCE. J Penfold scattering facility at Argonne to observe the polarize-
Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, UK tion behavior of pure KD2PO4, for crystals cooled below

the Curie point. Initial studies of the splitting of
The stud' of surfaces and interfaces using the specular appropriate Bragg peaks show clearly the four domain
reflectiom of neutrons on the reflectometer CRISP at the types, and their response to applied electric fields.
ISIS pulsed neutron source is described. As opposed to crystals prepared for ESR work, the pure

crystals display strong back-relaxation, indicating that
The instrumentation and recent developments in analysis the kinetics of polarization reversal differs significantly
techniques are described, for the pure crystals.

A wide ranging experimental programme is now well • ,.'eay .;.udies of .haug s in the low frequency
established. Examples from that programne will be dielectric constant as a function of polarization level
presented, and will include surfactant adsorption at the explore further the difference in polarization behavior
air-liquid and liquid-solid interfaces, solid polymer between pure and treated KH2PO4 and KD2P04.
films, and surface magnetism.

J3.4
J3.1 PHASE DEVELOPMENT OF AN AL-TI COMPOSITE DURING

AA.'.NSi'IC PHASE TRANSITIONS, PHONONJS ANS DIFFUSION HEATING UP TO 14000 C. Hl.-G. Brokmeier, Department of Phy-
PROPERTIES IN BCC METALS. W. Petry, Institut sical Metallurgy TU Clausthal and GKSS Research Center, Postfach
Laue-Langevin, 156X, 38042 Grenoble Cedex, France. 1160, D-2054 Geesthacht, FRG; M. Klatt, GKSS Research Center,

Postfach 1160, D-2054 Geesthacht, FRG; and C. Ritter, Insitute Laue
Phonon spectroscopy on in situ grown bcc single crystals Langevin, 156X Centre de tri, 38042 Grenoble Cedex, France
of the group 4 metals Ti, Zr, Hf show a band of low energy
and strongly damped phonons. Geometrical considerations In the system Al-Ti several intermetallic compounds have been ob-
show how these damped lattice vibrations achieve the served, see par example Murray (I). The constitution of intermetallic
displacements necessary for the two martensitic phase compounds such as -y-TiAl can be realised by two different procedures:
transitions from bcc to we (under pressure) and from bcc to
hcp (upon lowering the temperature). Different to 1) arc melting
theoretical predictions, no elastic precursors of the new 2) powder metallurgy
phase are observed. In both cases the phase development to reach the phase equilibrium

is quite different. But material properties, microstucture and texture
Quasielastic incoherent neutron scattering indicates in a will be influenced strongly.
very direct way that diffusion in these metals takes place
via jumps into nearest neighbor vacancies. These diffusion The investigated Al-Ti composite was prepared by powder metallurgi-
jumps are strongly enhanced by the soft phonons. Following cal methods and consists of 50 Vol.% Al and 50 Vol.% Ti respectively.
an idea of Herzig and Khler it is shown that this model By cold extrusion of pure Al and pure Ti no intermetallic compounds
of phonon enhanced diffusion explains the diffusion were formed. The investigations were carried out in a temperature
anomalies of all bcc metals. range between 20* C - 1400 ° C. The phase determinations were per-

formed at DIB, a powder diffractometer of the ILL in Grenoble, which
J3.2 was equipped with a high vacuum furnace and a linear position sen-

STRESS DEPENDENCE OF THE SOFT PHONON BRANCH IN sitive detector (LPSD) in horizontal geometry. Hence, every minute
a diffraction pattern can be measured. In that way the kinetic of the

MARTENSITICALLY TRANSFORMING N16 2. 5 AI3 7.5 S. M. phase transformation was obtained. Neutron diffraction was preferred
Shtapiro, Brookhaven National Laboratory', Upton, NY j irder to neasure a bulk sample for minimizing grain growth effects
11973. aad the influence of an expected Al loss at the sample surface.

This paper will discuss the path during the Ti-Al phase diagram from
In the alloy Ni 6 2 .5AI 3 7. 5 , which exhibits a Martensitic the outgoing two-phased Al-Ti composite to the two-phased material
transformation near TM-80K, the [;0] transverse phonon at 14000 C which consists of -y-TiAl and a-Ti(Al).
branch with polarization along the [1i0] shows a
considerable amount of softening as TM is approached. In J3.5
particular, a minimum in the dispersion curve occurs NEUTRON POWDER DIFFRACTION: A POWERFUL
near =1/6. Accompanying this softening is intense MATERIALS RESEARCH TECHNIQUE. W. I. F. David- ISIS
diffuse elastic scattering which peaks at the same wave Facility, Rutherford Appleton Laboratory, Chilton Didcot,
vector. Recent inelastic neutron scattering experiments Oxon, UK.
with applied uniaxial stress have shown that when the
stress is applied along the [001] direction, perpendicular Neutron powder diffraction is a powerful technique that
to iho suit direction, additional softening occurs. In provides a detailed description of moderately complex
addition the diffuse scattering also changes. Results of crystal structures. This is nowhere more apparent than in
measurements along other branches and temperature the area of high temperature superconductors where
dependence will also be presented. neutron powder diffraction has provided precise

structural and magnetic information, not only under
J3.3 ambient conditions but also at high and low temperatures
POLARIZATION RELAXATION OF THE FERROELECTRIC KD2PO4 and high pressures. Outside superconductor research, the
USING NEUTRON SCATTERING. Ron Edge, Dept. of Physics, variety of materials studied by neutron powder
USC, Columbia, SC; and Vicki Homer, Dept. of Physics,
USC, Cvlumbia, SC. diffraction is equally impressive including zeolites, fast

ionic conductors, permanent magnets and materials
Previously, the polarization switching of KD2PO4 was undergoing phase transitions. Recent advances that
studied using EsR. This required the use of crystals include high resolution studies and real-time
doped with arsenic and then irradiated with x-rays, to
create the necessary paramagnetic centers. For such crystallography will be presented. Future possibilities of
crystals, back-relaxation was determined to be instg- neutron powder diffraction will be discussed.
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J3.6 (NO) - (NO) - where N f 70% La + 30% Sr. The different
NEUTRON SCATTERING STUI)Y OF TIlE STRUCTURE distribution of atoms in the structure can be easilyOF J' 2BaCuO.8 AT 294 K AND 77 K S.I Town. B.A. explained in terms of the ionic radii of the cations.
Hunter, R.L.Davis" and K.N.R.Tayor, Advanced Electronic Materials
Group, School of Physics, University of New South Wales, P.O. Box
1, Kensington, NSW, 2033,Australia, *Australian Institute of Nuclear 9
Science and Engineering, Private ail Bag 1, Menai, NSW, 2234, NEUTRON DEPOLARIZATION BY FLUX LATTICES IN HI-T e MATERIALS.Australia. S. J. Pickart, A. C. Nunes and H. L. Crow, University of

Rhode Island*, Kingston, RI; and T. R. McGuire, S. Shinde
and S.A.Shivashankar, IBM Thomas J. Watson Research Center.

Using the high resolution powder diffractometer (HRPD) attached to the Yorktown Heights, NY.
HIFAR reactor at the Australian Nuclear Science and Technology Recently we reportedI observation of neutron depolarization
Organisation, results have been obtained from Y2BaCuOy-6 at both room by a YBaCuO 123 composition below its Te of 86K. We havetemperature and 77 K. We present here the data refined using the further explored this effect as a function of applied fieldRietcveld method, illustrating the structure at both room temperature and and temperature in 123 material, and observed it in Bi 221277 K to be Pnma, having lattice parameters at room temperature of compositions (TC -110K) as well. We believe our resultsa=7.1222Ak, b-12.68A and c=5.61A. reflect flux line lattice behavior and may thus bear on the

issue of critical current densities.
J3.7 Samples, prepared and characterized at IBM. were of various

IRUCTURE OF ErBa . Cu% 0. I: THE COMPOSITION RANGE flat-plate shapes of 1 mm thickness. Depolarization was
6.1 x7.0. E. Porsoke, P. Meuffels, Isttut f. observed only after cooling in a weak field and subsequent-P. I 7..E . Porc-nge, .KFA Julich , 0-5170 Julich, ly applying a larger field (1400 oe). In the 123 sample atFestoroerforscnung. 4K depolarization coincided with H and showed hysteresis,.R.G. and B. Rupo, Paul Scherrer Institut, Labor indicating that flux penetration an& pinning are involved.
fur est orperforscnung, CH-5234 Villingen PSI,
Switzerland. The effect disappeared at 55K, well below T c, and we

speculate that this results from short-scale field inhomo-
The structure of a series of homogeneous ortho- genetics associated with flux lattice melting2 .
rhombic and tetragonal ErBa.Cu 0. powder samples Depolarization has also been observed in samples of Bi 2212(6.1 x 7.0) has been determined by elastic neu- composition at 77K. Two samples with different critical
tron scattering using the Rietveld method of pro- currents were measured, with the degree of depolarizationfile refinement. All samples were prepared in the differing slightly. These measurements are currently being
same apparatus by a careful absorption - desorp- extended to 4K to explore more fully the indicated correla-
tion procedure. tion between depolarization and critical current density.

By removing oxygen the cell parameter c expands, 33.10
while the Cu(2)-Cu(2) and the Ba-Ba distances
shrink. Accordingly the most significant changes USE OF NEUTRON DIFFRACTION IN DETERMINING
in atomic distances occur between the Cu(2)-0(2,3) STRAINS IN HIGH-TEMPERATURE SUPERCONDUCTING
planes and the Cu(1)-O(4)-Cu(l) chains. With de- COMPOSITES. D.S. KuppermanandJ. P. Singh. Materialscreasing oxygen content the distance increases and and Components Technology Division: and J. Faber Jr. and
the oxygen (0,0,z) apex atom 0(1) moves closer to R. L. Hitterman. Materials Science Division, Argonnethe Cu-0-Cu chains going away from the Cu-0 National Laboratory, Argonne. Illinois 60439
Dianes. The 0(l)-olane and O(l)-chains distances
are monotonous functions of the oxygen content,
but the concentration dependence of these bonding The intense Pulsed Neutron Source and the General
lengths seems to be much stronger below x < 6.5. Purpose Powder Dlffractometer at Argonne National
The change of the interatomic distances can be Laboratory were used to show that neutron diffraction
co'-lated to the suppression of superconductivi- techniques can be applied to YBCO/Ag composites to
'Y,. ,rhich in the case of ErBa-Cu 0, occurs within measure bulk residual strains in the constituent parts. Wethe ortnorhombic phase. have observed residual tensile strains in Ag as a function of

crystallographic direction: three strains range from as
J3.8 high as 0.085% in 15% Ag samples to as low as about0.02% in a 30% Ag sample. Compressive strains in thetEUCRDN POWDER DIFFRACTION STUDY OF THE STRUCTURES OF YBCO (111) crystallographic direction were approximatedLa1. 9Ca .1 Cu2O6 AND La1. 9Srl . Cu2O6 . A. Santo(o and F. by correcting for the diffraction peak shift due to changes
Beech, NIST, Reactor Division, Gaithersburg, MD 20899 and in stoichiometry with varying Ag content. The estimated
R.J. Cava, AT&T, 600 Mountain Ave., Murray Hill, N.J. 07974 compressive-strain values vary from 0.04% (15% Ag) to0.09% (20% Ag) to 0.01% (30% Ag). with an uncertaintyThe title compounds are structurally isomorphous and their of about 0.03%. The decrease in strain in YBCO for thestructure can be derived from that of La2CuO4 by 30% Ag composite Is consistent with the decrease in Ag
substituting the layers of composition Cuo 2 present in strain and may be due to microcracking of the composite
La2CuO 4 with a block of three layers having composition and or to inhomogeneitles in the distribution of YBCO and Ag.*Work supported oy the U.S. Department of Energy. Officesequence (Cu 2 ) - (M/La)- (Cu0 2 ), where M is either Ca or of Energy Storage and Distribution, Conservation and
Sr and M/La indicates that the site may be occupied by an M Renewable Energy, under Contract W-31-109-Eng-38.
and/or a La atom. Although the general structural This work has benefited from the use of the Intenseconfiguration of tal. 9Ml.lCU20 6 is the same for M - Ca or Pulsed Neutron Source at Argonne National Laboratory.
Sr, the distribution of the atoms is different in the two
cases. More specifically, in La CaCuO 6 the perovskite-type
'ayers form blocks with sequence - (Cu02 ) - (Ca) - (Cu0 2)
and these blocks are separated from each other by rock-salt
blocks of two layers - (LaO) - (LaO) -; In La2SrCu 2O6 , on
the other hand, the perovsklte-type blocks have composition

(CuO 2 ) - (La) - (Cu0 2 ) - and they are separated by blocks
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J3.11 J4.2
HIGH RESOLUTION NEUTRON POWDER DIFFRACTION STUDIES OF THE NEUTRON SCATTERING STUDY OF THE EQUILIBRIUM
FERROELASTIC PHASE TRANSITION IN LaNbO4 . W I F David, DEFECT STRUCTURE IN UNDERSTOCHIOMETRIC MnO,
Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, UK '). .J1,LU;l , Enka, D-5600 WuppertalWest Germany; R.Dieckmann,

Cornell University, Ithaca, USA; W. Schilling, W. Schweika,
Many diffraction patterns obtained on very high resolution IFF-KFA Jiilich, D-5170 Jiilich, West Germany,
diffractometers (Ad/d < 0.001) reveal a rich variety of
sample-dominated line broadening. Most existing analyses
treat these effects as isotropic. However, in a substantial Model calculation [A.M. Stoneham et al. in Physics of Disordered
number of cases observed on the high resolution powder Materials, ed. D. Ader et al, Plenum Publ. Corp (1985) p. 243] pre-
diffractometer (HRPD) at ISIS, the hkl-dependence of the dict 4:1-vacancy clusters to dominate - like in FeA 0 - the cation
peak broadening is complex and initially unknown. In this
poster a modification of the traditional Rietveld method is sublattice disorder of Mn1 _AO at high temperatures. To test this
presented that permits simultaneous analysis of the crystal prediction diffuse neutron scattering experiments have been performed
structure and the hkl-dependent broadening in a on single crystal Mn1 _A0 held at 14000C under controlled oxygen
model-independent manner. The principal difference is that
all peak widths way be iefined as independent. vaiiablv6. partial pressures. By changing the oxygen partial pressures deviations
Structural parameters may thus be obtained that are from stochiometry A, i.e. cation vacancy concentrations could be
unbiased by an imposed peak-broadening model, and the fixed to 0.3%, 1.6% and 6.4%. Using time of flight techniques the
refined peak widths may be examined to determine the origin elastic diffuse scattering could be separated from the inelastic contri-
of the sample-dependent broadening butions. The differences in the elastic diffuse intensities measured at

different values of A yield differential scattering cross sections per
High-resolution neutron powder diffraction 3 data were vacancy for scattering vectors q ranging from 0.1 to 3.5 X-- in the
collected at a series of temperatures from a 1 am sample of (100)- and (211)-lattice plane. Broad maxdma of the disorder scatter-
LaNbO on HRPD at ISIS. The data collected at temperatures
arounl the phase transition showed significant broadening, ing are observed near j qJ=1.6.2w/a in the <100>- and near
particularly of some hk0 reflections. Use of the refinement i 'i =1.6.V2. 2/a in the <110>-direction. No increase of the scat-
method described above yielded significantly superior
profile fitting. Analysis of the peak broadening indicated tering towards small a-vaues could be detected. The results can be
a broadening mechanism dominated by strain. Incorporating a interpreted as the scattenng from randomly distributed Mn-vacancies
second rank strain tensor description of peak broadening which induce relative displacements of their nearest neighbour 0 and
into our Rietveld code revealed that the strain broadening Mn-ions of +8% and -5% respectively. The presence of larger
principal axes were collinear with the principal axes of the numbers of vacancy dusters can be excluded.
ferroelastic strain tensor. This unexpected result is
discussed within the context of the mechanism of the J4.3
fer')el. ;i£ phase transition. SHORT-RANGE ORDER IN tX-BRASS. Leszek Reinhard,

34.1 ETH ZUrich, now at Dept. of Physics, Univ. of
Houston, Houston, TX; Bernd Schbnfeld, Gernot

LATTICE DEFECTS STUDIED BY DIFFUSE NEUTRON SCAT- Kostorz, Angewandte Physik, ETH Zurich, CH-8093
TERING. J. Peisl, Sektion Physik. LMUniversitk, Mnchen, FRG. zurich, and Willi Bihrer, LNS der ETH Zarich,

CH-5303 Wirenlingen, Switzerland.
Deviations from the regular arrangement of atoms in solids give rise to a states of equilibrium in a-brass single crystals
diffuse scattered intensity between the Bragg peaks. Lattice vibrations of different composition (Cu-31.1 at.% Zn and Cu-
cause an inelastic contribution which can be experimentally separated in 22.4 at.% Zn, using the isotope Cu-65 to enhance
a purely elastic neutron scattering experiment. Crystal lattice defects the scattering contrast) were investigated by
lead to an elastic diffuse scattering. It contains information on point de- elastic diffuse neutron scattering. The scatter-
fects and small clusters. The defect structure, i.e. the lattice location, the ing contributions due to short-range order and
displacements of the near neighbours, the strength and the symmetry of linear atomic displacements were separated by a
the long ranged displacement field can be deterined. Also defect corre- least-squares fitting procedure.
lations occurring on formation of defect-pairs, trapping of defects or ge-
nerally non-random defect concentration distributions can be deduced. The short-range order intensity showed four max-

ima in the (001) plane arouna the 110 position.
The strength and the limits of this type of investigations will be demon- These maxima are due to the flat portions of the
strted by reporting on experimental results. Light interstitals in bec me- Fermi surface along the (110) directions. Fermi
tals (Nb, Ta) are located on octahedral sites (0, N) or terheral sites vectors deduced from their location are in good
(H. D). Their displacement fields show some peculiarities which will be agreement with results of positron annihilation
discussed. experiments. The intensity modulations are

smaller for the sample with the lower Zn concen-
In metal hydrogen systems the lattice distortions induce an indirect tration.
elastic interaction between the dissolved hydrogen atoms which is Effective pair potentials were determined based
responsible for a novel type of phase ransiions. Macroscopic hydrogen on the approximation-free inverse Monte-Carlo
density nodes as predicted for the new phase have been observed by method and the high temperature approximation of
neutron radiography. Clapp and Moss. A dominant nearest-neighbour in-

teraction is found, and there are no signs of a
For highly mobile defects the displacement fields have a finite life time distinct dependence on Zn concentration. Based on
which depends on the jump frequency and on the lattice relaxation time. a Monte-Carlo simulation, a low-temperature phase
This effect has recently been observed as a quasielastic broadening of Cu3 Zn with DO23 structure is suggested.
he energy width of the diffuse neutron scattering.
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J4. 4 Inter-atomic force constants and vibrational density of states

SHORT RANGE ORDER IN CU-ZN: A COMPARISON OF NEUTRON were obtained by performing a Born-von Karman analysis on the

DIFFUSE SCATTERING DATA WITH FIRST PRINCIPLES RESULTS. complete set of phonon dispersion curves. Implication of these

M. Sluiter, Lawrence Berkeley Laboratory, Berkeley, CA results on the short range order in this alloy will be discussed.

94720, and Lawrence Livermore National Laboratory,
Livermore, CA 94550, P.E.A. Turchi, Lawrence Livermore J4.7
National Laboratory, Livermore, CA 94550, D.M. Nicholson COMPOSITION AND TEMPERATURE DEPENDENCE OF THE
and G.M. Stocks, Oak Ridge National Laboratory, Oak Ridge,

TN 37831-6114, D.D. Johnson, Sandia National Laboratory, SHORT RANGE ORDER DIFFUSE SCATTERING IN AJ, Ag,

Livermore, CA 94550, F.J. Pinski, University of Cincinnati, ALLOYS.* G. M. Stocks and D. M. Nicholson, Oak Ridge Nationai

Cincinnati, OH 45221. Laboratory, Oak Ridge, TN; F. J. Pinski, Univcnity of Cincinnati,
Cincinnati, OH; J. B. Staunton, University of Warwick, United Kingdom;

Recently, measurements of short range order (SRO) neutron D. D. Johnson. Sandia National Laboratory, Livermore, CA; and

diffuse scattering intensity have been performed on B. L. Gyorffy, University of Bristol, United Kingdom.

quenched Cu-Zn alloys with 22.4 to 31.1. at. I Zn and pair
interactions were obtained by Inverse Monte Carlo We show results of calculations for the temperature and composition
simulation [1). These results will be compared to SRO dependence of the short range order (SRO) diffuse scattering in
intensities and effective pair interactions obtained from AIAg, solid solutions. The calculations are based on the ab initio
first-principles electronic structure calculations. The concentration functional theory of Gyorffy and Stocks. The complex
theoretical interactions were obtained with the KKR-CPA- temperature and concentration dependence of the diffuse scattering
Generalized Perturbation Method (GPM). The theoretical argues for experimental studies of the SRO at temperature in the A?.
SRO intensities were calculated with the Cluster Variation rich solid solution phase in order to confirm the suggestions that the
Method in the tetrahedron-octahedron approximation with origin of Guinier-Preston zone formation in these alloys lies in
first-principles pair interactions as input. More concentration rather than displacement fluctuations.
generally, phase stability in the Cu-Zn alloy system, using
the energetic properties obtained with the IMR-CPA-GPM,
will be discussed. J4.8

LHA h PIAOKAMS _AN) Dl)l-L'eU NEUTRON SCATTERING

J4 5 R Caudron. F.Solal and A.Fticl, ONERA, B.P.72, 92322 Chatillutt

ORDEING ECH.;NISM IN SUBSTITUTIONAL Ni-Cr ALLOY: (France)

EXPERIMENTS AND THEORY. P.E.A. Turchi, R.H. Howell.
A.L. Wachs, M.J. Fluss, LLNL, Livermore, CA; F.J. Pinski, The uadci piupctics of cutpoutds or solid solutions ate important
University of Cincinnati, OH; D.M. Nicholson and ingredients of the phase diagrams. For alloys of normal and transition
M.G. Stocks, ORNL, Oak Ridge, TN; W. Schweika, IFKJ, Julich, metuls,thyuan bV deUVribcdiltCnnsofiteracIoupotentalsbetween the
FRG. atomi; pccies pitsctt in thc alloys. Withitt this fza,'ework, phase diagram

Recent measurements of short range order (SRO) - Diffuse should be deducible from these potentials. In our laboratory, calculation

neutron scattering intensity have been performed on tcchniques, using tight binding, C.P.A. and G.P.M. approximations have

quenched Ni-Cr alloys in the range I1 to 25 at. Z in Cr ben dcvclopcd to deduce interaction potentials from the electronic structure
[1]. Typical behavior of the pair interactions, as of the alloys. I hese techniqttes are valid for transition metal alloys, being
obtained from Inverse Monte-Carlo simulations, strongly based on the tight binding method. Experitivientally, ourpurpose is to obtain
indicates the existence of a well defined flat sheet of interaction potentials through the measurements of the short range order
the Fermi surface, primarily normal to the [110] direction.
These results are compared with first principles KKR-CPA paramctcr, in order to check them against the calculated orders of

band structure calculations of the Bloch spectral function magnitude and, ultimately, to build phase diagrams. As an example, wc
as well as effective pair interactions deduced from the describe our diffuse neutron scattering measurements at high tetmperature
Generalized Perturbation Method. Furthermore, two- on single crystals of Ni 3crPd3V and Ni 3 V. helatter alloys exhibit a first
dimensional angular correlation of positron annihilation od taio tei
radiation measurements allow us to investigate the order transition from the disordered FCC solid solution to DO22, a FCC
fermiology of this alloy system and confirm the above based superstructure.For each sample at each temperature,we explored the
results. Hence, we prove the major role played by (100) and the (110) planes of the reciprocal space. and we submitted the
specific features of the Fermi Surface in driving SRO in intensities measured to a linear least squares fitting procedure, using a
disordered alloys and establish a clear connection between
neutron scattering, positron annihilation spectroscopy and model including s ;t range order parameters a(R) and first order
theoretical investigations of ordering processes in displacement pararf ors. Tor Ni 3 V and Ni 3 Cr, the diffuse maxima occur
substitutional alloys.

at the expected (I ?') positions, as the ordcred state is DO 2 2. For P d 3 V,

J4.6 they surprisingly occur at (100) positions: the mean field theory leads to a

IPHONON DISPERSION IN THE ALLOY CuO.85AI0.I5. licnry fhou. S. corrcci prcdiction for Ni3 V and Ni 3 Cr, but not for Pd3 V: we present better

M. Shapiro. Brookhaven Naional Laboratory, S. C. Moss. Univcr- thermodynamical models (C.V.M and Monte Carlo simulations), yielding
sity of Houston. and M. E. Mostollcr. Oak Ridge National Labora- potentials and transition temperatures
tory.

X-ray scattering
1  revealed diffuse satellites which were at- J4.9

tributed
2 to screening sigularities associated with parallel flat DIFFUSE NEUTRON SCATTERING STUDY OF THE

sections of the Fermi surface, in analogy with Kohn anomalies. SHORT-RANGE ORDER IN Fe 20at% Al ALLOY.
We have confirmed the elastic nature of this scattering with Werner E. Schweika, KFA Jillich GmbH, Institut

neutrons and made detailed measurements of phonon dispersion fur Festkurperforachung, 5170 JUlich, FRG
curves on a large single crystal of Cu0.,sAlr.15 at room tempera-
ture. Phonon frequencies were ascertained to better than +0.03 The short-range order in a Fe 20at% Al single
meV but no clear anomaly was observed near the expected wave crystal has been studied as a function of the
vector q=2kF. Near the zone boundaries the phonon energies temperature in the ferromagnetic and para-agnetic
were significantly lower than the corresponding phonons in phases by diffuse neutron scattering. The
pure Cu. This is attributed to mode repulsion from high freqency experiments have been performed at the instrument
localized vibrational modes of the Al atom in the Cu host lattice

3 .  for diffuse neutron scattering (DNS) at the cold
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beam of the JUlich research reactor. The energy To investigate possible aluminum and oxygen ordering in Ti-8.6AI,
of the scattered neutrons has been analysed by neutron diffraction experiments were conducted on Ti-8.6AI alloys
the time-of-flight method. containing three oxygen contents, 500 ppm, 1000 ppm, and 2000 ppm in

the solution-treated condition and aged to precipitate a 2. Neutron
Above the Curie temperature Tc a diffuse peak due diffraction dam were obtained on HIPD at LANSCE and the dam refined
to short-range order is found at the zone using GSAS.
boundary points 100. A least squares analysis The lattice parameters "a" and "c" were observed to vary as a function of
yields parameters for short-range order and oxygen content and heat treatment condition. Consistent with literature
lattice displacements. Effective pair-potentials dam on pure Ti, the "a" lattice parameter of the solution-treated Ti-8.6AI
are obtained by the inverse Monte Carlo method. material is seen to be relatively insensitve to oxygen while the "c"
Below Tc the expected usual increase of the 100 parameter increases with oxygen content. Following aging to precipitate

c  the a2, the "c" lattice parameter is seen to still exhibit a positive
peak is not found when the temperature is iependence on oxygen content with aging and a slight "c" parameter

11 increase compared to the solution-treated material. The "a" lattice
lowered. Instead the intensity at 2 increases parameter of the aged Ti-8.6AI alloys show decreased "a" values with
with an onset of long-range ordering below increasing oxygen content. The LANSCE data will be discussed in light
T = 350 OC. The observed new phase seems to be of parallel TEM results and literature data.
metastable, since after long annealing finally
the intensity of the 100 peak grows as well and 3412
the DO3 structure is formed. The influence of the 4.1T

ferromagnetic interaction on the chemical SEPARATION IN NI-TI SINGLE CRYSTALS. Alberto
ordering is discussed. Cerri, ETH Zurich, now at University of Vienna,

Festk6rperphysik, A-1090 Wien; Bernd Sch6nfeld
J4.10 and Gernot Kostorz, Angewandte Physik, ETH

ZUrich, CH-8093 Zurich, Switzerland; Albert F.
LATTrICE MISFIT AND DECOMPOSITION IN NI-AL-MO ALLOYS Wright, Institut Laue-Langevin, F-38042 Grenoble,
Hector Calderon and Gernot Kostorz, Angewandte Physik. ETH France.
Zurich. CH-8093 Zurich. Switzerland.

Phase separation of quenched supersaturated Ni-
The effect of lattice mismatch between the oNmatrix and (9.5-12.0) at.% Ti single crystals was followed
%'-precipitates on the decomposition process of Ni-Al-f by small-angle neutron scattering (SANS) during
alloys has been investigated by means of small-angle neu- in-beam aging at 773, 813 and 853 K. Because Ni
tron scattering (SANS) and transmission electron micros- and Ti differ appreciably in scattering length,
copy (TEM). The role of the elastic strains induced by a very sensitive measurements were possible. With
on the precipitate arrangement, morphology and coarsening the incident beam along (110>, scattering maxima
kinetics is not yet clear. Recent theoretical work by in <100) directions were observed from the ear-
Johnson and by Kawasaki has shown that a comparison be- liest stages of decomposition.
tween the predicted influence of interparticle interac-
tions and experiment is already possible. While the results obtained at 773 K may be com-

patible with the general features of spinodal de-
Single crystalline specimens with various compositions composition, the behavior at 813 and 853 K may be
were used for the SANS experiments. The lattice mismatch 6 interpreted on the basis of the two-phase model
was varied by Mo addition. It ranged from 1.2% (binary Ni- with homogeneous precipitates in a depleted ma-
12.6 at.Z Al) to 0%. All specimens were aged in-beam at trix. Here, the integrated SANS intensity reaches
833 K or at 883 K. a constant level after several hours. Later

stages should be controlled by Ostwald ripening.
The experimental SANS results obtained at the Institut Though scaling may be shown to hold (with a cer-
Laue-Langevin, Grenoble. France. show that the shape. tain choice of scaling variables), the ageing
arrangement and coarsening rate of the %'-particles are kinetics is considerably slower than expected.
very sensitive to coherency strains. The scattering pat- This may be related to a stabilizing effect of
terns for alloys with a - 1.2 and 0.6%, respectively, are elastic coherency stresses due to the lattice
anisotropic with sharp peaks along 100p,. This suggests mismatch of precipitates and matrix.
that even vary small I'-particles are not spherical and
arranged along specific directions. Alloys with a a 0 give
rise to isotropic scattering patterns, which indicates a J5.1
spherical particle shape and no orientational preference.
Furthermore, the reduction of a apparently slows down the CONSITION AND PROFILE DER ATION OF LIGHT IA na TS
coarsening rate by a factor of 23. High-resolution and BY NEUTRON ABSORPTION REACTIONS. R. Greo Downin
dark-field TE, results on precipitate shape and arrange- George P. Lamaze. John K. Langland and Brent L. Orazman.
ment will also be presented. National Institute of Standards and Technology. Bldg. 235, Rm

B108, Gaithersburg, MD 20899.

J4.11

.NFLUENCE OF INTERSTITIAL OXYGEN ON THE LATTICE A second generation neutron depth profiling (NDP) facility has
'ARAMETERS OF SOLUTION-TREATIED AND AGED TI-8.6AL been constructed on a "cold" (i.e. low energy) neutron port as
ALLOYS.0 George T. Grayi 1l and A.C. Lawson, Los Alamos part of the Cold Neutron Research Facility (CNR.F) at NIST. The
National Laboratory, Los Alaros, New Mexico 87545 increased neutron flux density and reaction rate enables the

nondestructive determination of concentration versus depth
Interstitial oxygen has long been known to have a pronounced influence profiles of 3He. 6Li. 7Be. 10B. 14N. and 22Na with analysis times
on the structure and mechanical properties of titanium alloys, particularly and resolution comparable to those of RBS. At somewhat longer
those containing the ordered Ti3AI(hereafter a2) phase. Systematic times for data acquisition. 35CI and 170 can be profiled as well.
itudies on binary Ti-Al alloys have suggested that a major portion of this By exploiting the intrinsic properties of cold neutrons, energy
influence is related to the fact that oxygen stabilizes a 2 and is sensitive samples such as polymer films are nondestructively
qualitatively linked to an increased tendency for inhomogeneous slip in analyzed using NDP and the exact same sample volume
alloys containing >6 wt% Al. Electron microscopy studies of a-alloys successively studied with other analytical techniques.
have further suggested that oxygen and/or aluminum ordering may be
occurring. The new NDP facility is designed to enable positioning of
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individual samples in the target chamber while maintaining a samples show qualitatively the same pattern but the data
high vacuum environment. Programmable temperature taken thus far are hampered by poor statistics. The
control of the sample holder during analysis allows the study of dependencies and their interpretation will be discussed.
solid state diffusion in real time. The target chamber has
several discrete charged paricle detector systems including J5.4
coincidence detection for analyzing self-supporting thin films
and time-of-flight energy analysis for high resolution near- STUJD V Cot t'tAEERRED ORLENTATION IN GEOLOGICAL SAMPLES
surface analysis. The simultaneous use of multiple detectors WITH PULSED NEUTRONS. Allen C. Larson and Phillip J. Vergarini,
give an optimized depth resolution in the minimum amount of Manuel Lujan, Jr. Neutron Scattering Center (LANSCE), Los Alamos
analysis time. Position sensitive detectors are being used to National Laboratory. Los Alamos, NM 87545; Rudy Wenk, Depanment of
perform channelling measurements and eventually, Geology and Geophysics, University of California, Berkeley, CA 94720.
multidimensional profile characterization of the sample. Other
tools are being incorporated in the instrument for in situ The single crystal diffractonteter, (SCD) at LANSCE provides an ideal
cleaning and sputtering of the sample surface, capability for the study of preferred orientation in geological samples. The

J5.2 2-d position sensitive detector with the large wavelength range available at

DISTRIBUTION OF BORON IN ION IMIPLANTED Hgi.xCdxTe, the pulsed neutron source allows one to measure the complete distribution
Robert C. Bowman, Jr., and John F. Knudsen, The of intensities for several poles very quickly. Each histogram covers about
Aerospace Corporation, El Segundo, CA; and R. Gregory X2 '
DoPning, National Institute for Standards and 6 Radians of reciprocal space and will contain information from all
Technology, Gaithersburg, MD. possible poles visible with the wavelength range used, usually about 0.5 to

5.0 A. With this method complete, pole figures of many lattice planes can

lioron ion implantation is often used to fabricate n-p be constructed from only 12 to 20 sample orientations as compared to over
Junctions in Hlgl-,CdxTe for its use as infrared 1000 per lattice plane using conventional diffractometers.
photovoltaic detectors. The distributions of the
implanted species as well as accompanying lattice
damage are important parameters with regards to Pole figures from measurements of experimentally deformed standard
subsequent performance of these devices. Multiple
energy (50-400 keV) boron implants were made into bulk samples of calcite and quartzite with a known history of deformation will
and epitaxial g 0.7Cd0 .3Te as well as CdTe single provide information about deformation mechanisms and their
crystals. A nondestructive neutron depth profiling
(NDP) method has been used to measure the boron (IOB) temperature/strain history. This information can be applied to interpret
concentration profiles before and after post-implant
anneals. When the NDP results are compared with preferred orientation in naturally deformed rocks.
theoretical ion ranges obtained by the TRIM Monte Carlo
computer simulations, the profiles correspond closely J5.5
to the calculated boron distributions.

RESIDUAL AND APPLIED STRESS ANALYSIS. Aaron D.
K , University of Missouri, Columbia, MO 65211

The behavior of boron implants through photochemlcally
leposited St0 2  passivation films on go. 7Cd 0 . 3 Te The use of neutrons for stress measurements began about ton

has also been evaluated. The distributions of boron years ago and has been increasingly employed. The lower
within each of the layers were monitored by combined absorption of neutrons by most engineering materials extends
, lt g and etching experiments and were compared the sampling depth from microns to millimeters and enables

with the prediction from the TRIM simulations. The the study of new types of problems. It is particularly suitable for
SiO2 film acts primarily like a neutral region that
shifts the boron profiles toward the surface. Some triaxial macrostresses and stress gradients into the depth of
effects of this shift on the electrical parameters of engineering components, volumetric microstresses, and for
Hg0 . 7 Cd0 3 Te will be described, systems containing heavy elements, such as tungsten and.• uranium.

J5.3 One major application involves depth profiling of macrostress
AINS MEASUkaMENT OF tYDROGEN-DISLOCATION CORRELATION IN gradients through the thickness of parts by the use of small
A.ALLADIUM. Prnt J Hawser, G. C. Summefield, J. S. probe regions created via slits or apertures. Such gradients

- ng, University of Michigan, Ann Arbor, MI; and J. E. arise, for example, in welded or heat-treated components.
.pperson, Argonne National Laboratory, Argonne, IL. Anc'her is the characterization of differential thermal

microstresses created upon fabrication of metal matrix
Small angle neutron scattering measurements have been made composites reinforced with fibers, whiskers, or particles. In this
on deformed polycrystal pallaium samples with and without case the whole sample is irradiated as in conventional powder
c.euterium (and hydrogen) dissolved in the solution phase diffraction. The technique has also been used to study the
(a) at room temperature. Deformation was produced in one response of single or multiphase alloys to applied stress
'et of samples by cold rolling to 65% CW, and in a second rons e of in or tensipe alloyst
,et by a hydriding-dehydriding cycle (a/ft/O) . Solubility through the use of in situ tensile test devices.
,nhancements above that for well annealed samples
(Sievert's law) were found to be about 30% for CW samples After an introduction to triaxial stress measurement
and 40% for (a/A/a) samples. These are in reasonable methodology, and the use of neutrons for this purpose,
agreement with results published by Lynchll) and examples of macro- and microstress analysis in alloys and
rianagan[2] for gas atom concentrations near 5,000 ppm, composites will be presented as well as applied stress work.
and attributed by these authors as due solely to the Measurements at both steady state.and pulsed sources will be
presence of dislocations. Concentrations were held included.
,onstant during SANS experiments by an equilibrium gas
:;ressure cell. The difference in scattered intensity from
-:ne same deformed sample before and after gas loading was
jetermined as a function of 0 (O-2x/X sin 6). The
difference scattering was strongest for the (a/p/a)
-- es and reveals a 1/0 behavior with a lowest angle
,omponent of stronger inverse 0 dependence. The CWI
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J5.6 radial stress was negligible. The axial and
circumferential stresses were equal, reaching 700 Mea in

RESIDUAL STRESS MEASUREMENTS BY MEANS OF NEUTRON DIFFRACTION compression at the tube outer surface and 500 MPa in
H.J. Prask, and C.S. Choi, Reactor Radiation Division, tension in the interior. After the tube was aged at 658 K
National Institute of Standards and Technology, for 4 hours and immersion quenched to room temperature the
Gaithersburg, MD 20899 residual stresses were about 30% lower than those observed

In the as-quenched condition. Stress levelling relieved

Neutron diffraction is analogous to x-ray diffraction in all the residual stresses within experimental uncertainty.
methodology and analytical formalism; however, in the
wavelength regime appropriate to diffraction, neutrons are J5.9
typically about a thousand times more penetrating. The
neutron diffraction technique is also nondestructive. NEUTRON MEASUREMENT OF RESIDUAL STRESSES IN A USED
Energy-dispersive neutron diffraction has been developed at RAILWAY RAIL. Peter L. Webster, Keng S. Low,
the NIST reactor as a probe of sub- and near-surface Gordon Mills, Department of Civil Engineering,
residual stresses in technological samples. Application of University of Salford, Salford 15 4WT, UK; and
the technique has been made to a variety of metallurgical George A. Webster, Department of Mechanical
specimens, and includes the determination of tir-axial Engineering, Imperial College, London SW7 2AZ, UK.
stresses as a function of depth in a number of uranium-
3/4wt%Ti samples with different thermo-mechanical histories, The high resolution neutron diffraction technique
and in two types of 7075-T6 aluminum "ogives"- of interett has been applied to determine non-destructively
to the Army. Also determined was a bi-axial stress the residual stress distribution developed in the
distribution vs. depth in an induction-hardened-steel test head of a railway rail after normal ser-vice.
specimen (for the SAE). Details of the technique and
applications will be presented. Measurements were made, using the neutron strain

scanner at the Institut Laue Langevin, Grenoble,
US. 7 on a transverse slice of rail 12mm thick taken

from a section of straight track. The rail head
Si.t." S ANALYSIS BY NEUTRON TIME-OFFLIGHT AT A was scanned in the three principal orientations in

REACTOR SOURCE. H.G. Priesmeyer, Institut f3r Reine a series of parallel traverses sufficiently close
und Angewanite Kernphysik, Universlt~t Kiel; J. SchrZ5- to enable a two dimensional matrix of data to be
der, Institut ftr Werkstofforschung, GKSS-FORSCHUNGSZEN- accumulated and vertical, transverse and
TRUM , P.S. 11 60, D-2051 Oeesthacht/FRG longitudinal residual stress contours to be drawn.

A high-resolution neutron time-of-flight powder diffrac- Substantial residual compressive and tensile
tometer has been installed at the FRZ-I research reactor stresses and steep stress gradients were observed
,5 MW) in Geesthacht. The instrument is a Fourier corre- related to the depth below the top surface,

lation spectrometer, operating in the reverse time-of- distance from the running line and shape of the
flight (RTOF) mode. Correlation spectrometry is known to rail head. The highest stresses and stress
be very neutron-efficient in the low-energy-range, so cradients were observed in transverse and vertical
that extensive stress profiling can be done on small or directions but significant stresses were also
medium size neutron sources in acceptable measuring ti- retained in the longitudinal (12mm thick)
mes. The neutron time-of-flight has important advantages direction of the rail.
for strain measurements-

The results demonstrate the effectiveness and
a.) the "white" reactor neutron spectrum allows simul- uniaue characteristics of the neutron technique to

taneous investigation of many reflexions; ,3ecermine non-destructively and continuously the
b. ) the scattering volume is ideally defined in 90 residual stresses inside engineering components.

geometry;
c.) fixed geometry eases setups for special environ-

ments; J5. 10

c.) there is no high-order contamination; ewtron Diffraction Analysis of Residual Stress
e.) the resolution is almost constant over the whole Iron Rctn Alys f idal Strsin Corrosion Resistant Alloys. Michael P. Anderson

energy range. Exxon Research and Engineering Co., Annandale, NJ,

Details of the instrumental setup and first experimental Maurice Watkins, Exxon Production Research Co.,

-esjlts will be presented. Houston, TX, and David Vakmin, Brookhaven National
Laboratories, Upton, NY

J5.8 Reserves being produced by oil companies contain

EFFECT OF' HEAT TREATMENT AND UNIAXIAL COMPRESSION ON THE chemical species, such as hydrogen sulfide, that
RESIDUAL STRESSES IN U-O.8 wt.% Ti ALLOY MEASURED BY aggressively attack traditional materials. To
NEUTRON DIFFRACTION. A. Salinas-Rodriguez, J. H. Root, deal effectively with these environments, a new
T.M. Holden. S.R. MacEwen, Chalk River Nuclear materials technology utilizing corrosion-resistant
Laboratories. Ontario, Canada KOJ 130, and G.M. Ludtka, alloys based upon nickel, iron, chromium, and
Martin-Marietta Energy Systems. P.O. Box 2004, Oak Ridge, molybdenum is being developed. Because these
Tennessee, U.S.A. materials are strengthened by cold work, complex

residual stress states occur. These stresses can
The residual stress distribution in 17 mm thick-wailed, influence performance by affecting susceptibility
i-quenched U-O.8TI alloy tubes was studied using neutron to environmental cracking. Therefore, a study was
diffraction techniques. Additional measurements were made undertaken to accurately measure residual stress
after the as-quenched tubes were stress levelled at room distributions as a function of processing where the
temperature (0.015 strain in compression), or aged at 658 K principal variable examined was the method of tube
followed by Immersion quenching, or after combined stress production. A methodology based upon neutron scat-
levelling and aging. The stresses were calculated with the fering was used to measure the through-wall distri-
Isotropic bulk values of the elastic constants for U-0.8TI bution of residual stresses. The results show
alloys given strains measured from shifts in the (110), that the residual stress patterns are a function
(Ill) and (112) Bragg peaks of the deformation mode. Tubulars that are cold

Quenching from the v field resulted in a blaxial stress worked by pilgering have large compressive stresses
state at every point across the wall of the tube. The on the inner diameter and large tensile stresses

on the outer diameter. In contrast, tubulars that
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are drawn have tensile stresses on the inner the use of random copolymer theory, the interaction
diameter and compressive stresses on the outer parameter, XbI.,d, has been successfully separated into X1 ,
diameter. X2 and X3 which are interaction parameters between the same

isotope labeled 1,2-unit and 1,4-unit, opposite isotope
labeled 1,2-unit and 1,4-unit, and opposite isotope labeled

J5.11 1,2-unit with 1,2-unit or 1,4-unit with 1,
4
-unit,

. '~'d :>.- - .--- ' .S'J!'.T S 3 .. ZS LZ DURNG respectively.

.. " .A E S u- -::h: 0s,
:.. iSley an4 V. Rainey. !aoeria~s Physics and It can be concluded that; (1) The random copolymer theory of

.--.."...vias, Ha-e' 1a-a-v, --doot, CXli O.A, ten Brinke, Karasz and MacKnight works well for this case;
(2) The intramolecular interaction between different
microstructure pairs gives negative contribution to the

Neutrcn cif::aoicn provides a uniaue method of m total interaction parameter, Xbl.nd : (3) The magnitude of
:ne .nterna s:ress field within meta[!ic components'

, 
and the individual x which is due to microstructure effect is

hence cf testing values of stress hitherto only determined much bigger than that due to the isotope-labeling effect.
by theoretical calculation.

J6.3
he - ':ial stress tensor along the line of cracking at two

stages of a fatigue cycle applied to a fatigue test specimen ION OF VDLZ=AZ NETWO OF TtM0SETS USXIG
of ferr-tic steel has been determined. The experiments were NEU N SCAT N. Van-l V, Polymers Division, MIST,
per:ormed with high volume resolution cf % Imms on a sample Gaitrhersburg. D 20899.
of size % 13 x 31 x 4G mm 3 

using the DIA diffractometer at
the Instizut Laue Langevin, Grenoble. A wavelength of 1.91A Neutron scattering measurements were conducted to
was used and the strains calculated from a comparison of the investigate the conformation of the molecular network in am
121 1) Bragg reflection angles with those from an annealed epoxy and a dyanate eter reasn. These resins were all
oiece cf steel of the same composition. With the assumption cured thouh £ bmo-polyrizatio, procee. a all the
that the principal strains lie along the sys~etry axes of saerting monomers were partially deuterated to provide the
the spezimen, the strain field was first measured at the scatterin contrast. go smine ch-n wan introduced into
maximum applied stress intensity, the sar.ple being held at the newr.
maxim'um load by a bolt. The applied load was then relieved
by removal of the bolt, and the strain field remeasured. it was observed that the croaslinking process resulted in a
The triaxial strain tensors, at intervals of 0.5-1mm, were sigificant change in the scattering intensity over a Q
converted to stress tensors using standard theory and values range from 0.005 to 1.5 L-. These results were analyzed
of F = 207 Ga and v = 0.28. These experimentally Using A scheme based on Random Phae Approzimation (EPA) to
cetermined stress fields are compared with those exoected obtain t intra-uwock correlation function. The results
from standard analysis. obtan the £nr or. c aion fu e reas

indicated that crosslinking =ad an increase in the end
to end diatance of the monomer. In addition, the

J6. 1 crosslinking was also found to induce density fluctuation.

DYNAMICS OF STAR-BRANCHED POLYMERS IN SOLUTION. its effect on the validity of EPA will be discussed.
JS. uang and L. J. Fetters, Exxon Research and
Engineering Company, Rt. 22E, Annandale, NJ J6.4
088011 D. Richter and B. Farago, Institut Lau.-
Langevin, 156X, 38042 Grenoble Codex, France; and SH&-%R IN'DUCED PHASE BEHAVIOR OF POLYMER BLENDS BY SMAIL
B. Ewen, Max Planck Institut F-ur Polymerforschung, A 'LE NEUTRON SCATTERING. Alan 1..Nakatani, Hongdoo Kim,
6500 Mainz, FRG. and Charles C. Han. Polymers Division, National Institute of

Standards and Technology, Gaithersburg, MD 20899.
We have studied 12-arm star-branched polymers
using elastic and quasi-elastic small angle The phase behavior of polymer blends and solutions can be
neutron scattering. By selectively labeling a changed dramatically by deformation using a variety of flow
single arm as well as labeling of the center core geometries. Unlike simple binary fluids which require
of the star polymer, we accessed the static and extremely high shear rates to produce extremely small shifts
dynamic properties of the constituents of the in the phase boundary, polymer phase behavior may be
star. We have investigated the relaxation between infiuenced by as much as 10 degrees with the application of
the static structure of the star and its initial much lower shear rates. However, there is a large body of

dynamic response as measured by neutron spin echo conflicting data concerning the nature of these shear
spectroscopy. In the frame work of the random effects in polymers.
phase approximation, the initial relation rates
for the various partial structure factors have Here we report on the effects of shear on the phase behavior
been obtained for a Gaussian star, including the of polymer blends by small angle neutron scattering (SANS).
effects of hydrodynamic interaction. The Q- Experiments were conducted using a specially constructed,
dependence of the relaxation rates under various concentric cylinder apparatus for in situ studies of
solvent contrast cond tiona can be quantitatively concentrated polymer solutions and melts. Two separate
accounted for. systems will be discussed: 1) a blend of polystyrene and

polybutadiene. 2) a blend of polystyrene and
poly(vinylmethylether). Both systems exhibit shifts in the

J6.2 phase behavior which indicate shear induced mixing in

:V.:c;OSTc.E A'.:: ISO'TOPIC LA BELI:G EFFECTS ON TIIE agreement with previous results obtained by other::iCIiIL:T A OF )OL BUTADIENE BLENDS STUDIED BY TIlE SMALL- techniques. These results will be interpreted in context
A:';.;IBL:' OFT St TADIENE TECH NDQSJE STUDIED BuY THEwith existing theories of shear induced phase behavior.,*,;.L NE T!,ON SCAT'TPING TECHN:IQUE. S. Sakurai,
N. Haseeawa, T. Hlashimoto, I. C. Hargis, S. L. Aggarwal and

f !;:it, Polym.rs Division. National Institute of
.Kcandard , a Technology, Gaithersburg, Md 20899.

5,_uterated polybutadiene and proronated polybutadiene
(i'BD/PBH) blends with various microstructures have been
f;.udied by the small-angle neutron scattering experiments.
"'orrelation length, (, zero-wavenumber stru-ture factor,
V(q~o), and interaction parameter, Xbl.,d hive bepn
,,brained All PBD/PBH blends exhibit UCST behavior. With
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J6.5 J6.8

T1rIMODYNAMC 24TERAC1ION PARAMETERS OF VIBRAT tONAL EX(ITATIONS OF WkEAKLY CONNECTED SOLIDS.
STE1OR.EGUI,.AR PUMA. Jame s .Q ll Huinjn Yang, and ) W S'chaefer. C. J. Brinker, and C. S. Ashley, Sand:a Nationai
David Teegardea. Corpee Ree, ai'ch Lataori., aI Laboratories, Albuquerque, NM 8?185 and D. Richter ai~d B Farago,
Systems Information Group. Eastman Kodak Compiy 0e.ter Institute Laue-Langevin, 38042 Grenoble Cedex, France.
14650 Because of the rich chemistry of solution prepared silicate glasses, it is

possible to prepare highly porous solid materials where the topology of
Sterearegula PML(A have been extensively studied by SANS and other the continuous phase is controlled by tN. t.recu.: -'.,mistry. Porosity
tecniques. In thus sUtudin we report the measurement of the can range from bubble-like pores :..gi'Ny dispersed polymeric
Flory-Huggias Interaction parameters by SANS using the RPA method, networks. In the case of the latter materials, these are ideal materials to
Bleds of deuterated atactic PMMA and hydrogeneous lItactia and search for the existence of fracton excitations. These excit-.,ors
syndLiotucti PMMA ad blend of deuterated isotactic PMMAA with represent the flopping and breathing modes of the weakly connected
atactic PMMA were prepared, and scattering measurements were made network structure and are the solid state analogers of the Rouse-Zimm
on then blend.. The Interactio paramieter or atactic and syndlo modes observed in polymers in solution.
Xas varl. from -4.2 X 1O7 to -5.8 X 10 with Increasing
coacentration of syndlo. Ih- Inteactio parameter for isotactic and ,e use spin-echo neutron scai:2ring techniques to study these low
xyndi Xis ranges from -2A x 10

- ' to -4.2 x 104 with increasing energy excitations in a polymeric aerogel, the material which we believe
itmotaic concentratimon We obero the famllar concentration would show the highest probability of network modes. S e observed
dependence of x which Is sometimes attributed to the differences in intense inelastic scattering in the gev range that is strongly dependent on
the lattice (molar) volume Of the monomer unit,. In t can s temperature. These modes were analyzed in the incoherent

approximations using the Carpentar-Pelizzari formulation for phonosthe monomer units have the same m weight and the densities like scattering from amorphous systems.of the plymer differ by lis than Mt It is untikely thatth

Concentration dependence of X Is due to this cause. It is likely that Assuming fracton excitations, we find that the data is adequately
the concentration dependence of x is due to the different environments characterized by assuming a fracton dimension of 1.5. The temperature
which occr as a function of coneentratio=. Xis is lea than Xas, dependence of the excitations follows the Debye-Walker factor as
reflecting a stroager Interaction between lsotactic and syndio segment, expected for phonon like excitations.
The X's can be analyzed using the copolymer Interaction model and
thee Interaction parameters will be compared with similar data In
the literature. J6 .9

VIBRATIONAL SPECTRA FOR HYDROGENATED AMORPHOUS
J6.6 SEMICONDUCTORS. W. A. Kamitakahara, R. Biswas, and

A. M. Bouchard, Ames Laboratory and Microelectronics
STRUCURE AD DY ICS OF GLASSES AND LIQUIDS. David L. Price. Research Center, Iowa State University, Ames, IA 50011;
Materials Science Division, Argonne National Laboratory, 9700 South Cass F. Gompf and J. B. Suck. Kernforschungszentrum Karlsruhe,

Avenue, Argonne, IL 6439. INFP, Postfach 3640, D-7500 Karlsruhe, Federal Republic
of Germany.

Neutron diffraction provides infonmation about the instantaneous Hydrogen vibration spectra have been measured by

structure of a disordered material Infornation obtained in reciprocal time-of-flight neutron spectroscopy for several amorphous

spare can be directly informative, e.g., as regards diffraction peaks at semiconductors, including a-Ge:H and a-SiC:H. The
sputtered samples contain about 10 at. % H. The results

low angles which can reveal intentediate-range order in the system. of :eistic computer simulations, which use structural

BAlternatively, the diffraction patterns can be Fourier transformed to models generated by molecular dynamics, will be presented

give the real-space distribution functions which contain inforitation for comparison with the a-Ge:H spectrum, as well as with

about short-range order, i.e., near-neighbor bond distances and angles, previously obtained data on a-Si:H. The primtry Si-H and
Ge-H bond-bending features at 645 and 570 cm have

Inelastic neutron scattering shows how these structures evolve with substantial widths that arise from the variable local

tine. The energy dependence of this scattering gives the density of environments of the H atoms. The a-GeiH spectrum shows

states of vibrational motions; in the case of liquids, the quasielastic unexpected features at 350 and 430 cm which are

scattering is related to diffusive motions. The wave vector-dependence identified by the simulations as dihydride "rocking"
modes, in which two H atoms bonded to the same Ge atom

of the scattering gives infortmation about the structural entities make in-phase transverse motions. IT the case of

associated with these different types of rotion. a-SiC:H, features at 650 and 950 cm can be directly

used to estimate the relative numbers of H atoms bonded

36 .7 to Si and C atoms.

CROSSOVER LN THE VIBRATIONAL DENSITY OF STATES OF The Division of Materials Sciences, U.S. Dept. of Energy

SILICA AEROGELS STUDIED BY HIGH-RESOLUTION (USDOE) provided support for work at the Ames Laboratory,

NEUTRON SPECTROSCOPY H. Conrad*, R. Schdtzler, Institut which is opprated by Iowa Statp University for the USDOE
Festkbrperforschung der Jlich, West Germany; and J. under contracL W-7405-Eng-82. Work at the

fur sMicroelectronics Research Center was supported by the Air

Fricke. G. Reichenauer, Physikalisches Institut der Force Office of Scientific Research.

Universitat Wiirzburg, Am Hubland, D-87600 WUrzburg,

West Germany. J6.10

INELASTIC NEUTRON SCATTERING STUDIES OF NONLINEAR OPTICAL

A vibrational density of states analysis of neutrons MATERIALS: p-NITROANILINE ADSORBED IN ALPO-5. Jacqueline

nelastically scattered from silica aerogels has revealed a tM. Nicol, University of Maryland/NISI, Gaithersburg, MD,

crosove ra s a e from sebye lw itoc a dffer e nt po r le a w at Terrence J. Udovic and John J. Rush, NIST, Gaithersburg, MD,
crossover from a Deby{ law to a different power law at and Sherman D. Cox and Galen D. Stucky, University of

crossover frequencies vco depending on sample density. California, Santa Barbara, CA.

Both these frequencies and the spectral exponents are The adsorption of para-nitroaniline (p-NA) into the channels

determined for three baysd ed aerogels. The of the molecular sieve ALPO-5 results in nonlinear optical
resemblance of the observed behaviour to a phonon- properties of the system that are very different from those

fracton crossover is discussed. The effective sound of either the individual guest molecules or the host

velocities are determined from the ratio of total elastic to molecular sieve. Inelastic neutron scattering has been used

to characterize the vibrational spectroscopy (below 2000
total inelastic scattering and are in good agreement with cm") of p-NA adsorbed in ALPO-5 at both 3% and 13% weight
ultrasonic data. loadings, which represent the onset of and the maximum in

the nonlinear optical coefficient, respectively. In
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addit ion, the spectra of pure p-NA and ALPO-5 were obtained J7 .1

for comparison. Spectral differences in the region of 30 - STUJDY OF THERMAL EXPANSION OF GRAPHIITE AND HN
60 meV for the two p-NA loadings are interpreted in terms of 1UTRriON DIFFRACTION; Ham Pinto. Nordeca M~ud. and
a different alignment and ordering of the p-NA molecules 'isa1 Shaked. Nuclear Roos Centre - Negev, Beer-Sheva.Israel.
inside the confines of the ALPO-5 channels.

rho. temperature depedence of the lattice parameter c of'
pris tine graphite and of 11N0-raphite Intercalation

J6. 11 2oepounds (GIC) stages 3 end34 amestudied in the range l0

-. L-2 I-.-,.-.- . to 30 K. using' neutron diffr'action. The thrma exaso

S. ;..--.--- - -. of the lIMO layers is extracted from the "difference"
-------- ------- -.----- en tlsg 3 end stage 4 data. Also the liquid-to-solid

cx , 20 phase transition of the layers is studied. Three samples
.-. * were used: A sample of pristine graphite in the form of NopO

with -3.5* mosaic spread, a sample Of stage 3 and a ample
rccsr.-.e cf of stage 4 N -QIC which were prepared from the same batch

of pristine i~pie[1,21. Neutron diffraction (A - 2.4 X)
* Patterns were taken on the KANDI Ill neutron diffractoueter

C ---- sy'en roo:.:y anc at the IRR-2 reactor. The samples were cooled from 300 K to
C .Snz~ -. ta' stage 10 K in steps of -1 K end remained -1 hr at each temperature

srered Stpensuring temperature stabilization ((a0.2 IK) and
-xg7 In--- P aig: 37$Yt-tl cI equilibrization. The temperature dependence of the lattice

7 :% ' nsbeen1 Parameter c was dtriefomhetemperature dependence
f Aam_.en: of the Bragg angles of (004t) reflections with t- 4. 18, 33

0 - e 7 . ' 7. : --.. CI for graphite, stage 3, stage 4, respectively.
- .. :.tn cx,'sen dc::u.ses

w 7 7- Z he scan neriris The lattice parameter versus temperature curves were fitted
'n t-e C -.ae wasaesurci using the to fourth degree polynomials up to 250 K (where the melting

phase transition occurs). The dependence of the thermal
expansion coefficients on temperature was obtained by taking

_arie df EC-_n es-:t c ' - ave s-uggested that: the logarithmic derivatives of these Polynomials. It is

--e exze-c cxyien c zfre:dfz clu~szers of the 2:2:2 found that the thermal expansion coefficient of the graphite
eza'n.ers cf vacanctes :irnterstitials : layers in the GIC is similar to that for pristine graphite.

-e axec A ccmpa:'s'c h rsn diffuse whereas the coefficient of the HNO03 layers is much larger.

scte:- cat:a W-tr- cav' If i'ntensity distributions and
d Efrcn oth-er tor::e' arnz 62pe, fluor~te systes 72

tza: tne cefect---ve :cris fc.. cuser wthoe or cHARACTERI ZATI ON &F SO-CA COPSTS B
ti:as.rroa wvi-n a i-cre extended relaxation

- - I SMALL-ANGLE NEUTRON SCATTERING. &hrnai Moi.ji and
t-e &K::E Cr E:2:6 ve. The formation and Thomas J. Pinnavaia, Department ofCeityand

-- - -e osentence cf this c:Lstering have beerno hmsr
etCE sc a we n Center for Fundamental Materials Research,

nsrsi.Michigan State University, East Lansing, MI
tnceae48824; and P. Thiyagarajan, IPNS Division,

Argonne National Laboratory, Argonne, IL 60439.

j.~C12

A!0 S N Cl NCI F LASTIC AND INLI.ASC SC ATTERING ERC)M A series of silica sol-clay composites were

P -Q1 Af;_-. CAEi-c.-S::. AM) ALROGE:. John Ii. Hoot and characterized by small-angle neutron scattering

.. ;m2L Tiuyc';rs. Atomic Energy of Canada Ltd., Chalk (SANS). These complex materials were formed by

ve ontaric; Jn hr It. Page. University of Manitoba, reacting uniform spherical silica sol particles

.;;nr. peg, Manitoba; bale . Schaefer and C. J. Brinker, (< 100 A) with suspensions of the 2:1 layered

Sad~ Nt~na Lboaores AbuuequNM. silicate Na-montmorillonite (< 2 ii). The
-,an'a a' (nalLaboatoies.Albquerueresulting composites are 3-dimensional, highly

Nc .tron scattering experiments have been performed to study porous networks of platelets and spheres. SANS

t.,- structure and dynar'.cs of three preparations of silica: studies on the pure silica sols and the sol-clay

adense glass (fused qusrtzl. a flame-hydrolyzed aggregate suspensions showed an increase in the degree of

Cb-S .grade W5) and a polymeric aerogel. The sol dispersion upon interaction with clay. The

experiments were performed at temperatures 300 K. 77 K and dispersion was also found to be highly dependent

4.2 K on the three materials. Neutron inelastic scattering on the pH and the aging time of the suspensions.
wasmesuedatQ vlus .5 25. .9an 40 I SANS studies on hydrolyzed sol-clay powder

was easredat vaues1.5,2.5 2. an 4. A-samples provided insights on the degree of clay

The elastic scattering Indicates a systematic decrease in stacking/aggregation, as well as on the size and

p-sit lonal correlations on progressing from fused quartz shape of the silica particles. Several clays of

t.%nough Cab-O-Si I to aerogel. The inelastic scattering wa different particle size and charge density were

analyzed with the Buchenau model i1) to obtain the samaple examined, and their effects on the formation of

and temperature dependences of the density of states, giv . sol-clay composite products were studied.

At frequencies less than 1.5 THz gIL') is proportional to a
power of v for all forms of silica and there Is no J.
significant temperature dependence of the exponent. From f;L- 7RCIN SCA=ET C:NZ C i' :F L-AYEP-ED S:LICATES
data measured at 0 r 2.5 0J the exponents for fumed
quartz. Cab-0-5il and aerogel are found to be 2.6 ± 0.1. ,1_.RFD W. TH ?N LT M E T HYyY.ON IUM I ONS. D.A.

2,03 ± 0.03 and 1.64 ± 0.09 respectively. These cross Neumann, and 3.3. Rush, N'ational lnstitute cf

through the Debye value of 2 and are all higher than the Sta.Narls aN T nldy Unaitheryburg Maryland,
value 1/3 conjectured for fractons. In the aerogel the Nio, LT ad Hnvrty f Mryn,

exponent drops to 1.20 !: 0.03 at Q - 1.5 A'and g~u) is College Park, MD 20742; Y.B. Fan, H. Kim, S.A.

observed to vary In detail for each Q value studied. We Solin, and T.J. Pinnavais, Michigan State

conclude that the Buchenau analysis is not appropriate for University, E. Lansing, MI 48824; N. Wada,

aerogel. Colorado School of Mines, Golden, CO 80401; and
S.F. Trevino, 14IST and ARDEC, Picatinny Arsenal,
NJ 07806.

Montmorillonite and verniculite are members of a
naturally occurring class of expandable layered
silicates widely know'n as clays in which the two-
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dimensional oxyanions are separated by layers of J7.6
intercalated cations. Permanent porosity can be CHARACTERIZATION OF CHEMICALLY MODIFIED PORE SURFACES BY
induced in these minerals by exchanging large SMALL ANGLE NEUTRON SCATTERING. C. J. Glinka, L. C.
cations, such as tetramethylammonium, for the Sander, N. F. Berk and W. Hailer, Natl. Institute of
,riturally occurring ions, e.g. Na. The resulting Standards and Technology, Gaithersburg, MD 20899.
material is known as a "pillared clay" and the
cations which prop the layers apart are referred Small angle neutron scattering has been used to
to as "pillars". Here we present an incoherent, characterize the structure of linear hydrocarbon chains
inelastic neutron scattering study of chemically grafted to the internal pore surfaces of
montmorillonite pillared with tetramethylammonium microporous silica particles. The aim of this work has
ions and vermiculite pillared with been to relate the structure of the bonded adsorbate
trimethylammonium ions. These spectra yield layers in these particles to their performance in, for
information on the pillar-host interaction and on example, reverse phase liquid chromatography. By filling
the orientation of the pillars in these systems. the remaining pore space in the particles with a solution
In addition, we will present elastic scattering that matches the scattering density of the silica
results which show that the ion-exchange in these framework, the scattering from the adsorbate layers is
systems is not complete, a fact which could have enhanced and provides a sensitive probe of the effective
practical consequences for the further development thickness, uniformity and degree of solvent penetration
of pillared clays as tailored catalysts and in the layers. Results will be presented for monomeric
molecular sieves, phases of alkyl chains ranging from C4 to C30 bonded to

various types of porous silica.
J7.4

EI I n, ,,, Cr 71CCLLA? FORMATION IN THE .CAVITY OF POROUS J7.7
SILICA GLASS. Venneth Bradley, Brown University, ERECIISSR N0RP.POLOGY .kND .1CROSTRUCTL'RE ...........
Drovidence. RI; Sow-Hsin Chen, MIT, Cambridge, MA; :'cOUS SILICA BY S.MALL A-;GLE SCATTER'G. C r. Long
PapPannan Thiyagarajan, Argonne National Laboratory, S, Kruerer, D.R. Black, and J.P. Cline., 1'aional nstitute
Arconne, IL. ,,i Standards and Technology (formerly NBS), Cai:hersburr,

::; RA. Gerhardt, Rutgers Univ., Piscataway. ':J and
Small annge neutron scattering has beern used to charac- -D: I a .rhdt Rer Univ. .vast av.d
terize tne microstructure of porous silica glass (Corning
Glass, Vycor brand, no. 7930). Analysis of the empty Porous silica was studied by means of small angle
Vycor data adoDts the scattering formalism developed scattering to determine the microstructure of the
ty Berk which uses Cahn's scheme for simulating the morph- trecursor bodies as a function of the chemistry of the
ology of isotropic spinodal decomposition: Micellar for- starting materials, and, in a separate experiment, to
mation in the glass pores is observed by contrast matching follow the microstructure evolution as a function of
the silica with a HO/D 0 mixture. In the case of cationic thermal processing (sintering) during the intermediate and
surfactants, CTAB ahd ORAB, no micellar formation was final stages. The morphology of the precursor bodies was
observed and the surfactant molecule merely coats the followed as a function of the ratio of colloidal silica to
irterior surface of the pore. In the case of the anionic potassium silicate in the Shoup processing. For 10%
surfactant, SDS, evidence of micellar formation is ob- colloidal silica, a broad size distribution was found for
tained from observation of the intermicellar correlation the radii of the silica aggregates. However, a narrower
zeaks which arise from inter- and intra-cavity micelle size distribution was found for 30% colloidal silica. -he
correlations. results show that the largest measurable particle radius

zoes as the inverse of the fraction of colloidal silica.

5he new technique of multiple small angle neutron
ANiYLSIS OF SANS FROM CONTROLLED PORE GLASSES. N. F. scattering (:SAINS) offers the possibility of investigating
Berk, C. J. Glinka, W. Haller, and L. C. Sander, Natl. microstruczure in the size regime between 0.08 and 10 im,
Institute of Standards and Technology, Gaithersburg, MD .hnich is the relevant microstructure size range in
20899. 7eramics. Such sizes were previously inaccessible without

increasing the resolution of the currently available SANS
Small angle neutron scattering measurements have been instruments. This study indicated that densification
oerformed on several samples of silica controlled pore during the intermediate stages of sintering of porous
glasses with pore sizes ranging from roughly 70 to 300A. silica is accompanied by pore coarsening to radii
The scattering intensity is strongly peaked at small Q >0.22 Um. In the late sta'ges of sintering, there are no
and shows approximate Porod law behavior at large Q. detectable pores with radii >0.08 im, and radii of
Contrast variation measurements have shown that the pore gyration on the order of 30 nm were measured using
space in these samples is entirely interconnected and conventional SANS methods.
thus forms a bicontinuous microstructure. The scattering
data have been analyzed using the leveled wave method
based on an early scheme for representing two-phase J7.B
microstructures resulting from spinodal decomposition. SMALL ANGLE NEUTRON SCATTERING STUDY OF
In this approach interfaces are modeled by the contours CRITICAL BINARY FLUIDS IN POROUS GLASSES.
of a stochastic standing wave composed of plane wave S.B. Dierker and P. Wiltzius, AT&T Bell Laboratories, Murray
components propagating in random directions with random Hill, NJ.
phases and having wave numbers distributed according to a
given probability density, P(k). We have determined We have previously found that for binary liquid mixtures of 2,6
model P(k) functions by fitting the SANS data with the lutidine and water imbibed into porous VYCOR glass, the phase
leveled wave scattering function and then used these to behavior as well as the temperature dependence of composition
construct leveled wave images of the corresponding porous fluctuation exhibit a wealth of novel features. I These can be
structures. The average pore sizes obtained by measuring
chord lengths in the computer models turn out to agree understod as resulting from a combination of finite size and
with the values determined for these glasses by mercury random field effects. Elastic light scattering measurements have
, orosimntry. provided important evidence for a transition from complete to

partial wetting behavior. 2 However, SANS is better matched to
studying the short length scale structure of the fluid mixture
Inside the porous medium.
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We measured with SANS the static structure factor S(q) as a we will look for chemical disordering and elastic softening that may serve asfunction of temperature and composition. By choosing appropriate a precursor for phase changes and amorphizanon.

mixtures of regular and heavy water we adjusted the scattering
length densities of the liquid and the glass to be equal on average. J7.11
The thus determined S(q) of the liquid changes from a Lorentzian HELIUM DENSITIES IN BUBBLES PRODUCED IN
in the one phase region to a Lorentzian squared at the random IRRADIATED NICKEL MEASURED BY SMLL ANGLE NEUTRON
field transition, in agreement with predictions of the Random SCATTERING.
Field ing Model. Measurements of the evolution of S(q) and of and H. U hresmaier
the correlation length with temperature will be presented and IFF - KFA Jlich GmbH, 5170 Jilich, FRGdiscussed. IHMI Berlin GmbH, 1000 Berlin 39, West-Berlin

The work has benefitted from the use of facilities at the Los The density of He in bubbles produced in
Alamos Neutron Scattering Center, a national user facility funded irradiated Ni, their size and density have been
as such by the DOE/Office of Basic Energy Sciences. determined with neutron small angle scattering.
1. S. B. Dierker and P. Wiltzius, Phys. Rev. Lett. 58, 1865 (1987). we have used nickel specimens implanted with He
2. P. Wiltzius, S. B. Dierker, and B. S. Dennis, Phys. Rev. Lett. 62 and He' thus creating different scattering

804 (1989). contrasts. The scattering measurements were
performed before and after isochronal anneals
between 400 0 C and 900 0C. After the 400 °C

J7.9 treatment only displacement damage was visible.

SMALL ANGLE NEUTRON SCATTERING STUDY OF SOL, At higher annealing temperatures (between 450 OC
and 650 OC) He bubbles were formed; however,GEL CLASSES. P.'%iltzius and S.B. Dierker, AT&T Bell there exists still a laroe number of other

Laboratories, Murray Hill, NJ. defects. Above 700 cC the defects disappear, and
The basic steps in fabricating sol-gel glasses involve forming a a growth of bubbles with a bimodal size

solution of material that undergoes a subsequent distribution is dominating. The size of the
southen gel. theerot urto gelation and s e u rying larger and smaller bubbles is of the order of
of the get. These porous quartz structures have morpbologies
which are strongly dependent on preparation conditions and 100 R, and 10 R and smaller, respectively. TEM

studies indicate that the large bubbles appear
characterization on submicron length scales is of great importance. around grainboundaries and at the surface. TheElectron microscopy on these insulating materials is plagued by smaller ones appear in the bulk. The
charging effects and radiation damage. Small Angle X-Ray experimentally determined gas density in the
Scattering techniques are impaired by large absorption, which large bubbles is consistent with the calculated
leaves Small Angle Neutron Scattering (SANS) as a Naluable tool. equilibrium -'alue.
We are going to present SANS data on a variety of sol-gel glasses
covering two decades in q-space (30 A _ length scales 2000 A). J7.12
The results indicate, e. g., that fast gelation produces a clumpy -,LRFACE EVAPORATION IN A POLYMER MIXTURE OF
glass, where the building blocks of the network are 80 - 100 A
diameter Si0 2 aggregates. Slow gelation produces a smoother LONG AND SHORT CHAINS. Ru Jell C Com osmo and
internal surface, which is random down to the smallest length Richard S. Stein. Polymer Research Institute. University
scales probed. Our results do not support the concept that the of Massachusetts, Amherst, MA ; G. P. Felcher, A.
internal surfaces are rough and have fractal geometry. Mansour and A. Karim, Argonne National Laboratory,

Aroonne.IL**The work has benefitted from the use of facilities at the Los A
Alamos Neutron Scattering Center, a national user facility funded
as such by the DOE/Office of Basic Energy Sciences.

Neutron reflection measurements were taken on a thin

J7.10 (SOOA) layer of a polymer blend deposited on a silicon
substrate. The blend consisted of a devterated

LSE OF NEUTRON DIFFRACTION AND RIETVIED ANALYSIS TO polystyrene of low molecular weight (720) and a
STUDY THE BEHAVIOR OF NEUTRON IRRADIATED URANIUM protonated polystyrene of high molecular weight
SILICIDES.* R. C. Binchcr, M. H. Mueler J. W. Richardon, r., and " "
J. Faber, Jr., Argonne National Laboratory, Argonne. IL 60439. (910,000) , where the volume fraction of d-PS was 0.20.

Our objective was to observe surface enrichment of the
Uranium silicidcs have been considered as potential reactor fuels for high short chains upon annealing this mixture of extremely
flux reactor based neutron sources. However, U3 Si was found to become different molecular weights above the glass transition
amorphous under irradiation and to become mechanically unstable to rapid
growth by plastic flow. The stability of U3 Si 2 is also uncertain. In this temperature. Instead, when annealed at I80°C, the
experiment, we are following in detail the behavior of U3Si, U3Si2 and sample gradually lost the lighter(deuterated)
precipitates of U 3Si 2 in U3 Si irradiated with fast neutrons at room component without any appreciable excess at the
temperature. The specimens contain highly depicted Uranium. Damage is surface. This surprising result spurred a systematic
primarily produced by fast fission and spallation of the Uranium atoms, and
will be identical to that produced in a reactor. Structural changes are program, where the surface evaporation for melts was
monitored by power neutron diffraction at the Intense Pulsed Neutron tested as a function of the weight of the lighter
Source at Argonne National Laboratory. The data is analyzed with standard component as well as the annealing temperature.
Rietvied refinement techniques. Results from these neutron scattering
measurements are being correlated with the results of in situ electron
microscopy study of ion iradiations.

The irradiations are being performed in small steps (< 3x10-8 U burn up) in
order to closely follow changes in the crystal structures. We have detected a
broadening and shifting of Bragg peaks in both irradiated U3 Si and U3Si2.
The U3 Si was also found to contain precipitates of U3 Si 2 under tensile
strain. This tensile strain is being relieved by the irradiation. Some of the
U atom sites in U3Si, but not U3Si2 have very anisotropic Debye Waller
factors which increase with irradiation. During the continuing irradiation,
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J7.13

rRANSESTERIFIcATION KINETICS OF A MAIN CHAIN
AROMATIC POLYESTER. W. A. MacDonald. ICI Advanced
Materials, Wilton. UK; 0. McLean; A.D.W. McLenaghan; and
R, Dept. Pure and Applied Chemistry. University of
Strathcld, Glasgow 01 IXL, UK

Main chain liquid crystal polymers (MCLCPs) are of interest due to
posslcfity of Improved strength, compared to conventional polymers,
due to their ability to form highly oriented extended chain
itrucores. Much experimental work has been reported on the
organization of large scale structures in these materials. We are
concerned here with a molecular aspect of MCLCP's which may be
relevant to their use in polymers and blends.

At high temperatures main chain aromatic polyesters undergo
transesteriflcation wherein ester linkages break and reform.
Recombination occurs randomly and leads to scrambling of the
chemical sequence In the molecule. Using smaln angle neutron
scattering (SANS), we have investigated the kinetics and energetics of
this process. In brief, bends of deuterated and hydrogenous
aromatic polyester were annealled for known times at selected
temperatures. The SANS data for the quenched specimens was
analysed following the suggestion of Benoit et al which provided rate
constants and the average number of reactions per molecule for the
transesterirtcation proce. The activation energy obtained Is 71
kJmor'. polyethylene terephthalate has an activation energy of 152
kJmol-.

J7.14
SANS STUDY OF CAPILLARY CONDENSATION IN POROUS
MEDIA. MY. LIN, National Institute of Standards and Technology,
React A106, Gaithersburg, MD 10889 and Department of Physics,
Princeton Uniersity, Princeton, NJ 08544, S.K. SINHA, J.S.
TIUANG, B. ABELES AND J.M. DRAKE, Ezon Research and
Engineering Co., Rt. 22 E, Annandale, NJ 08801.

With small angle neutron scattering (SANS) we study the capillary
condensation offluids in porous media. We use Vycor glasses with a
porosity of - 0.31. By choosing an appropriate mixture of Hexane
and douterated Hexane, the scattering length density of the mixture
is adjusted to be equal to that of Vycor in average. The
condensation is controlled by changing the vapor pressure of the
mixture in Vycor. As the fluids condenses on the Vycor surface, we
use SANS to determine the change in effective porosity, surface
roughness and internal surface area as a function of vapor pressure p
(0 < p < p, where p, is the saturated vapor pressure). In addition,
results from other independent measurements of the same system,
e.g., isotherm measurements, will also be discussed and compared
with the SANS data.
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SESSION KI: OVERVIEW 2:15 *K2.2
Chairs: Donald E. Barr and C. A. Neugebauer FEMTOSECOND TIME DOMAIN TECHNIQUES FOR

Monday Morning, November 27 CHARACTERIZATION OF LINEAR AND NONLINEAR
Provincetown/Orleans (M) OPTICAL PROPERTIES IN GaAs WAVEGUIDES, K.K.

Anderson, M.J. LaGasse, H.A. Haus, and J.G.
8:30 *K1.1 Fuiimoto, Massachusetts Institute of Tech-

FUTURE PACKAGING DIRECTIONS IN THE 1990's nology, Department of Electrical Engineering
AND THEIR MATERIALS CHALLENGES, Dean E. and Computer Science, and Research Labora-
Eastn, IBM T.J. Watson Research Center, tory of Electronics, Cambridge, MA.
Logic, Memory AND Packaging, Yorktown
Heights, NY. 2:45 *K2.3

OPTICAL WAVEGUIDES IN THE COMPUTER ENVIRON-
9:15 *KI.Z MENT, Modest M. Oprysko, IBM T.J. Watson

MATERIAL DEVELOPMENT CHALLENGES IN HIGH- Research Center, Yorktown Heights, NY.
DENSITY PACKAGING OF ADVANCED VLSI MEMORY
DEVICES, Steven D. Prough, Intel Corpora- 3:15 BREAK
tion, Components Technology Development
Group. Plastic Package Engineering, Chand- 3:30 *K2.4
ler, AZ. INTEGRATED OPTICAL DEVICES IN SEMICONDUCTOR

MATERIALS, Thomas L. Koch, AT&T Bell Labora-
10:00 *KI.3 tories, Holmdel, NJ.
MATERIALS, MECHANICAL AND THERMAL CONSIDERA-
TIONS OF HIGH DENSITY MULTI-CHIP ELECTRONIC 4:00 *K2.5
PACKAGES, J.P. Krusius, Cornell University, OPTICAL INTERCONNECT SWITCH, Paul R.
School of Electrical Engineering, Ithaca, Prucnal, Princeton University, Department of
NY. Electrical Engineering, Princeton, NJ.

10:45 BREAK 4:30 *K2.6
GLASS SEALING OF OPTICAL FIBERS, Kathleen S.

11:00 *Kl.4 Abbott, E.I. duPont de Nemours & Co., Inc.,
POLYIMIDE-CERAMIC SUBSTRATE FOR SUPERCOM- Engineering Development Laboratory, Wilming-
PUTER PACKAGING, K. Kimbara, A. Dohya, T. ton, DE.
Watari, NEC Corporation, Computer Engineer- SESSION K3: POLYMERS
ing Division, Tokyo, Japan. Chair: Paul S. Ho

Tuesday Morning, November 28
11:30 *K.5 Provincetown/Orleans (M)
GLASS-CERAMICS FOR MICROELECTRONIC PACKAG-
ING, John F. MacDowell and George H. Beall, 8:30 *K3.1
Corning Incorporated, Research Department, PHOTOSENSITIVE POLYIMIDES, Hiroo Hiramoto,
Corning, NY. Toray Industries, Inc., Electronic and

Imaging Materials Research Laboratories,
SESSION K2: OPTOELECTRONICS Shiga, Japan.

Chairs: Carolyn A. Paddock and
John J. Ritsko 9:00 *K3.2

Monday Afternoon, November 27 STRUCTURE AND PROPERTIES OF LIQUID CRYSTAL
Provincetown/Orleans (M) POLYMERS, Samuel I. StuDp, University of

Illinois at Urbana-Champaign, Department of
1:30 *K2.1 Materials Science & Engineering Urbana, IL.

OPTICAL INTERCONNECT TECHNOLOGY FOR MULTI-
PROCESSOR NETWORKS, John D. Crow, IBM T.J. 9:30 K3.3
Watson Research Center, Yorktown Heights, NEW PHOTOSENSITIVE POLYIMIDE (SIM2000XL-RTS)
NY. FOR PACKAGING APPLICATIONS, H.S. Kwok, State

University of New York at Buffalo, Institute
on Superconductivity, Amherst, NY; S. Jeng,
M. Xu, P.L. Liu, State University of New
York at Buffalo, Department of Electrical

*Invited Paper and Computer Lngineering, Amherst, NY; C.J.
Lee, Occidental Chemical Corporation, Tech-

Short Courses P-15, "Ohmic Contacts to nology Center, Grand Island, NY.
Compound Semiconductors," and F-04, "Micro-
electronic Packaging: Materials, Processing, 9:45 K3.4
and Reliability," may be of interest to ENVIRONMENTALLY STABLE POLYMERS FOR ELECTRO-
symposium attendees. Details regarding NIC PACKAGING FROM SOLUBLE INTERMEDIATES,
course dates and instructors are provided in C.K. Ober, T. Mates, and H. Martin, Cornell
the short course section of this program. University, Department of Materials Science

and Engineering, Ithaca, NY.
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10:00 K3.5 2:30 K4.3
THE PREPARATION AND PROPERTIES OF A NEW A NEW MULTILAYERED MATERIAL WITH LOW DIELEC-
FAMILY OF AMORPHOUS FLUOROPOLYMERS: TEFLON TRIC PERMITTIVITY BASED ON INTERCALATION
AF, Paul R. Resnick, E. I. duPont de Nemours PROPERTIES OF LAYERED COMPOUNDS, Vivek
& Co., Inc., Polymer Products Department, Mehrotra and Emmanuel P. Giannelis, Cornell
Wilmington, DE. University, Department of Materials Science

and Engineering, Ithaca, NY.
10:15 BREAK

2:45 K4.4
10:30 K3.6 CERAMIC FIBER COMPOSITES FOR ELECTRONIC
INELASTIC DEFORMATION AND FRACTURE OF POLY- PACKAGING: THERMAL TRANSPORT PROPERTIES,
MER COMPOSITES, D.M. Shinozaki, University Honamei Zhana, and David G. Onn, University
of Western Ontario, Department of Materials of Delaware, Applied Thermal Physics Labora-
Engineering, London, Canada. tory, Department of Physics AND Astronomy,

Newark, DE; and John Bolt, E.I. duPont de
11:00 K3.7 Nemours and Company, Experimental Station,
SOLVENT DIFFUSION IN SELECTED POLYIMIDE Wilmington, DE.
FILMS, W.P. Pawlowski, M.I. Jacobson, M.E.
Teixeira and K.G. Sakorafos, IBM Corpora- 3:00 K4.5
tion, Systems Technology Division, Endicott, PREPARATION OF A1 20 3-COATED METAL SUBSTRATE
NY. FOR HIGH DENSITY ELECTRONIC ASSEMBLY, _K.

Nkd, M. Ono and S. Kosuge, NKK Corpora-
11:15 K3.8 tion, Steel Research Center, Kawasaki,
SOLVENT-INDUCED DAMAGE IN POLYIMIDE THIN Japan.
FILMS, Mu-San Hu, University of California,
Santa Barbara, Materials Department, Santa 3:15 K4.6
Barbara, CA. METAL MATRIX COMPOSITE MATERIALS FOR ELECRO-

NIC PACKAGING, M.N. Gungor, Westinghouse
11:30 K3.9 Science and Technology Center, Pittsburgh,
DELAMINATION OF METAL-POLYMER INTERFACES PA; and J.D. Gardner, Westinghouse Electro-
WITH SMALL GEOMETRIES, Shih-liana Chiu, Y.H. nics Systems Group, Baltimore, MD.
Jeng, Raul E. Acosta and Paul S. Ho, IBM
T.J. Watson Research Center, Yorktown 3:30 BREAK
Heights, NY.

3:45 *K4.7
11:45 K3.10 ADHESION, REACTION AND STABILITY OF
ORGANIC DIE COAT MATERIALS FOR PLASTIC METAL/POLYMER INTERFACES, J. Kim, S.P.
PACKAGES, R. Padmanabhan, Motorola, Final Kowalczyk, IBM T.J. Watson Research Center,
Manufacturing Research and Development, Yorktown Heights, NY; Y.H. Kim, IBM T.J.
Physical Electronics and Packaging Labora- Watson Research Center, Yorktown Heights, NY
tory, Phoenix, AZ. and KAIST, Chung-Ryang, Seoul, Korea; T.S.

Oh and G.F. Walker, IBM T.J. Watson Research
SESSION K4: COMPOSITES Center, Yorktown Heights, NY.

Chairs: Edward A. Giess and C. A. Steidell
Tuesday Afternoon, November 28 4:15 K4.8

Provincetown/Orleans (M) X-RAY DIFFRACTION STUDIES OF THE DELAMINA-
TION OF COPPER THIN FILMS FROM GLASS AND

1:30 *K4.1 SILICA SUBSTRATES, Alan G. Fox, Naval Post-
CERAMIC/POLYMER NANOCOMPOSITE PROPERTIES FOR graduate School, Department of Mechanical
MICROELECTRONIC PACKAGING, Robert E. Engineering, Monterey, CA; and Rowland M.
Newnham, A. Das, T.T. Srinivasan, Pennsyl- Cannon, University of California, Lawrence
vania State University, Materials Research Berkeley Laboratory, Center for Advanced
Laboratory, University Park, PA. Materials, Berkeley, CA.

2:00 *X4.2 4:30 K4.9
CHARACTERIZATION OF DIELECTRICS OVER BROAD THE EFFECT OF N 2 ADDITION ON SPUTTERED
ELECTRICAL BANDWIDTHS, G. Arjavalinaam, Y. TITANIUM BORIDE FILMS, N.C. Saha and R.K.
Pastol, J.-M. Halbout and G.V. Kopcsay, IBM Sharma, Motoro±a Inc., Phoenix, AZ.
T.J. Watson Research Center, Yorktown
Heights, NY.
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4:45 K4.10 K OXIDATION OF PB-SN AND PB-SN-X

RBS ANALYSIS OF PHOSPHOR PACKAGES FOR LASER- ALLOYS: BULK VS. GRAIN BOUNDARY REGIONS,
HEAT TL DOSIMETRY, Stanley H. Stern, Jack L. D.A. Sluzewski, Y.A. Chang, University of

Price, Naval Surface Warfare Center, White Wisconsin, Madison, Department of Materials
Oak Laboratory, Nuclear Branch, Silver Science and Engineering, Madison, WI; and

Spring, MD; Donald G. Simons, Naval Surface V.C. Marcotte, IBM General Technology Divi-
Warfare Center, White Oak Laboratory, Nu- sion, East Fishkill Facility, Hopewell
clear Branch, Silver Spring, MD and Catholic Junction, NY.
University of America, Physics Department,
Washington, DC; David J. Land and Veerendra K5.9 NEW TYPE POLYIMIDE FOR MULTI CHIPS
K. Mathur, Naval Surface Warfare Center, MODULE APPLICATION, Hidetaka Satou, and
White Oak Laboratory, Nuclear Branch, Silver Daiske Makino, Hitachi Chemical Company
Spring, MD. Ltd., Yamazaki Works; and Toru Kikuchi, and

Takayuki Saito, Hitachi Chemical Company
SESSION K5: POSTER SESSION Ltd., Ibaraki Research Laboratory, Ibaraki,
ADVANCED PACKAGING MATERIALS Japan.

Chair: A. Barfknecht
Tuesday Evening, November 28 K5,10 COMPLEXITIES OF COPPER THICK FILM

7:00 p.m. - 10:00 p.m. PROCESSING FOR MULTI-LAYER MICROCIRCUITS,
America Ballroom (W) Ronald P. Aniard, CPT, Oceanside, CA.

K5.1 DIELECTRIC PROPERTIES OF SINTERED X5,11 INFLUENCE OF FIRING GAS PRESSURE ON

AIN, R.D. Harris, R.C. Enck and J.L. Fields, THE MICROSTRUCTURE AND THERMAL CONDUCTIVITY
BP Research, Cleveland, OH. OF AlN CERAMICS, E. Udagawa, Fujistu Labora-

tories Ltd., Inorganic Materials Laboratory,
K5.2 TIME-RESOLVED LUMINESCENCE OF Kanagawa, Japan; H. Makihara, N. Kamehara

OXYGEN-RELATED DEFECTS IN ALUMINUM NITRIDE, and K. Niwa, Fujitsu Laboratories Ltd.,

J.H. Harris and R.A. Youngman, BP Research, Atsugi, Japan.
Cleveland, OH.

K5J2 ION EXCHANGE REACTION IN A THIN

A TECHNIQUE FOR BRAZING ALUMINUM FILM OF POLYIMIDE, Yoshiro Akai, Mariko

NITRIDE SUBSTRATES, M. Grant Norton, Cornell Ishino, Yasunari Okaoto, Hiroshi Taniguchi,

University, Department of Materials Science Kohji Ooka and Yoshiharu Nakajima, Sharp

and Engineering, Ithaca, NY; Jacek M. Kajda, Corporation, Corporate Research and Develop-

Brian C.H. Steele, Imperial College of ment Group, Nara, Japan.
Science, Technology and Medicine, Department
of Materials, London, United Kingdom. SESSION K6: ALUMINUM NITRIDE

Chair: John C. Hurt

K5.4 THE MICROSTRUCTURE AND MICROCHEMIS- Wednesday Morning, November 29

TRY OF TUNGSTEN AND TUNGSTEN CON OUND REAC- Provincetown/Orleans (M)

TIONS WITH ALUMINUM NITRIDE, &,,tair D.
Westwoo and Michael R. Notis, Lehigh Uni- 8:45 */K6.1
versity, Whitaker Lab #5, Department of ALUMINUM NITRIDE: A REVIEW OF THE KNOWLEDGE
Materials Science and Engineering, Beth- BASE FOR PHYSICAL PROPERTY DEVELOPMENT, G.R.

lehem, PA. Miller, The Carborundum Company, Phoenix,
AZ.

KLOW TEMPERATURE SILVER-GLASS DIE
ATTACH MATERIAL, Mark Blocker and N 9:15 K6.2
Ngue, Johnson Matthey Electronics, San TEMPERATURE DEPENDENCE OF THE THERMAL CON-
Diego, CA. DUCTIVITY OF ALUMINUM NITRIDE SUBSTRATES:

MEASURING AND MODELLING EFFECTS OF MICRO-

FAST FIRING OF A LOW TEMPERATURE STRUCTURE AND IMPURITIES, Ralph B. Dinwiddie
DIELECTRIC BASED ON LEAD MAGNESIUM TUNGSTEN and David G. Onn, University of Delaware,
ZIRCONATE TITANATE, S. Mansfield, A.M. Applied Thermal Physics Laboratory, Depart-

Barus, S.M. Landin, and J.A.T. Taylor, ment of Physics and Astronomy, Newark, DE.
Alfred University, New York State College of
Ceramics, Department of Ceramic Engineering, 9:30 K6.3
Alfred, NY. TEMPERATURE DEPENDENCE OF THERMAL CONDUC-

TIVITY OF ELECTRONIC CERAMICS BY AN IMPROVED
K5.2 DENDRITIC FORMATION AND GROWTH OF FLASH DIFFUSIVITY TECHNIQUE, Rw_ En1 and
Si IN THE Cu3 Si MATRIX INDUCED BY ION IR- R.D. Harris, BP Research, Cleveland, OH.
RADIATION AND THERMAL ANNEALING, Jian Li, S.
Russell, and J.W. Mayer, Cornell University,
Department of Materials and Engineering,
Ithaca, NY.
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9:45 K6.4 2:00 K7.2
STRUCTURE AND PROPERTIES OF C-AXIS ORIENTED ELECTROLESS PLATING OF COPPER INTERCONNEC-
AIN FILMS REACTIVELY DEPOSITED BY DC PLANAR TIONS ON ION BEAM CATALYZED POLYIMIDE, T.
MAGNETRON SPUTTERING, T. Takahashi, Toyama Flottmann, Akzo Research Laboratories,
University, Electrical Engineering Depart- Department ARLO-C/NM, Obernburg, West Ger-
ment, Toyama, Japan; Fumio Takeda, Toyama many; A. Tulke, Akzo Research Laboratories,
Technical College, Electrical Engineering Department ARLO-PA, Obernburg, West Germany;
Department, Toyama, Japan; Masahiko Naoe, E. Esper, Akzo Research Laboratories, De-
Tokyo Institute of Technology, Physical partment ARLO-C/NM, Obernburg, West Germany;
Electronics Department, Tokyo, Japan. W. Lohmann, Akzo Research Laboratories,

Department ARLO-PA, Obernburg, West Germany.
10:00 X6.5
ON THE STRUCTURE OF PLANAR DEFECTS IN ALN, 2:15 K7.3
Stuart McKernan and C. Barry Carter, Cornell REAL-TIME INVESTIGATION OF SOLID AND LIQUID
University, Department of Materials Science STATE REACTIONS IN AU-SN/CU SYSTEM, Sevong
and Engineering, Ithaca, NY. Oh, Igor Y. Khandros, IBM T.J. Watson Re-

search Center, Yorktown Heights, NY; and
10:15 BREAK Janet L. Poetzinger, IBM GTD, Hopewell

Junction, NY.
10:45 K6.6
PLANAR AND CURVED DEFECTS IN ALUMINUM NI- 2:30 K7.4
TRIDE: THEIR MICROSTRUCTURE AND MICROCHEMI- OXIDATION KINETICS OF (Pb,In) SINGLE-PHASE
STRY, Alistair D. Westwood, and Michael R. ALLOYS, M.-X. Zhang, Y.A. Chang, University
Notis, Lehigh University, Department of of Wisconsin, Madison, Department of Mate-
Materials Science and Engineering, Whitaker rials Science and Engineering, Madison, WI;
Lab #5, Bethlehem, PA. and V.C. Marcotte, IBM General Technology

Division, East Fishkill Facility, Hopewell
11:00 K6.7 Junction, NY.
INVERSION DOMAIN BOUNDARIES AND OXYGEN
ACCOMMODATION IN ALUMINUM NITRIDE, R.A. 2:45 K7.
Youngman, J.H. Harris, BP Research, PHASE STABILITY AND MECHANICAL BEHAVIOR OF
Cleveland, OH; P.A. Labun and R.J. Graham, TERNARY BISMUTH-LEAD-TIN SOLDERS, W.J.
Arizona State University, Center for Solid Whealon, D.S. Stone, Y.A. Chang, University
State Science, Tempe, Az. of Wisconsin, Madison, Department of Mate-

rials Science and Engineering, Madison, WI.
11:15 K6.8
THE LOAD DEPENDENCE OF Ti/A1 203 AND Ti/AlN 3:00 BREAK
INTERFACIAL CRACK PROPAGATION, Tao Liu,
Michael R. Notis and Y.T. Chou, Lehigh 3:30 K7.6
University, Whitaker Lab #5, Department of CONTACT REACTIONS AT THIN FILM ALUMINUM-
Materials Science and Engineering, Beth- TRANSITION METAL INTERFACES, Bernd
lehem, PA. Schuhmacher and Uwe Koster, University of

Dortmund, Department of Chemical Engineer-
11:30 K6.9 ing, Dortmund, West Germany.
THICK FILM METALLIZATION OF ALUMINUM NI-
TRIDE, M. Grant Norton, Cornell University, 3:45 K7.7
Department of Materials Science and En- RESIDUAL STRESSES IN FILAMENT-EVAPORATED
gineering, Ithaca, NY; Brian C.H. Steele, ALUMINUM FILMS ON SINGLE CRYSTAL SILICON
Imperial College of Science, Technology and WAFERS, Hai Woong Park and Steven Danyluk,
Medicine, Department of Materials, London, University of Illinois at Chicago, Depart-
United Kingdom. ment of Civil Engineering, Mechanics, and

Metallurgy, Chicago, IL.
SESSION K7: METALLIZATION AND

INTERCONNECT 4:00 K7.
Chairs: Caroline A. Kovac ELECTROMIGRATION IN THIN FILMS OF Au ON

Wednesday Afternoon, November 29 GaAs, P.F. Tang, A.G. Milnes, Carnegie
Provincetown/Orleans (M) Mellon University, Department of Electrical

and Computer Engineering, Pittsburgh, PA;
1:30 *(7.1 C.L. Bauer, and S. Mahajan, Carnegie Mellon

ELECTROLESS METAL DEPOSITION - CHALLENGES & Univ., Department of Metallurgical Engineer-
OPPORTUNITIES, Mahadevaiver Krishnan, and R. ing and Materials Science, Pittsburgh, PA.
Jagannathan, IBM T.J. Watson Research Cen-
ter, Yorktown Heights, NY. 4:15 K INTERDIFFUSION OF Cu/Co,

Co/Au AND Cu/Co/Au THIN FILMS, P. Madakson
and J. Liu, IBM T.J. Watson Research Center,
Yorktown Heights, NY.
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K. 1 new systemattic design methodology for electronic packaging, have con-
cluded that comparable pcrfnrmance goals can e met with several com-

FUTURE PACKAGING DIRECTIONS IN THE 1990s AND pcting solutions dilTcring in their materials, mechanical. thermal andTHEIR MATERIALS CIIALLENGES manuacturahility characteristics Complex design tradcolls will thus de-
Dean E. Eastman, Vice- PrcshentI, Logic., Memory & Packaging, termine future high density multi-chip modules. A set of-such competingIBM, T.J. Watson Research Center, Yorktown Hcights, NY 10598 modules solutions will be found for high density CMOS and bipolar based

IC technologies using package system simulation. Materials, mechanical,
As we enter the 1990's, Si IC technology continues to and thermal tradeoffs will then will he identified and discussed. Based on
rapidly advance from VLSI towards ULSI, e.g., to the 64 this, the competing multi-chip modules will he ranked and compared with
Mb DRAM chip and beyond. With these Si advances in current trends in existing multi-chip module technologies. Finally. mate-
density, performance and cost reduction, packaging rials research issues will tt identified.
technology will also have to rapidly advance to meet
packaged electronics systems requirements, ranging from K1.4
supercomputers, mainframes, and workstations to consumer POLYIMIDE-CERAMIC SUBSTRATE FOR SUPERCOMPUTER PACKAGING
electronics. Metals, polymers and ceramics will be used in K.Kiebara, A.Dohya, T.Watari, NEC Corporation
increasingly more dense and complex package structures
to support ULSI interconnection, cooling, reliability and 1-10. Nisshin-Cho, Fuchu City, Tokyo 183 JAPAN
physical support functions. New and improved materials
synthesis, characterization, and especially processing of
these complex package structures of films and interfaces This paper introduces the Polyimide-Ceranic substrate
will be required. An overview of packaging materials and for the NEC SX Supercomputers. In case of high Performance
processing trends and challenges, both development and system such as supercoputers and top end machines inmanufacturing, in the 1990's will be described. ytmsc ssproptr n o n ahnsi

general purpose computers, sophisticated packaging tech-
KI. 2 nologies are essential to achieve fastest operations asK1. well as to use highest-speed, highly integrated LSIs.",' ATE :A_'L DE'.'EPE:_1,) T_- CWLLEI: ;ES 'IN HIGE-DENSITY
T'ACA=:':: OF A %'.Ar'.:iD VLSI MEMC>ORY DEV.:CES. Steven iring substrate which mounts and interconnects LSIs is

i.--'.. ntel Corp; C or.c ents Technology the key to back up LSI's higher logical-operations.
Leve opment Group, Chandler, AriZona 85226 The high speed interconnection wirings and high density

Design objectives for semiconductor memory LS mounting are requested for the substrate.
s.stems using DRAM or SRAM technologies have The Polyimide-Coramic substrate had been developped to
zraditionally been focussed on density, cost and
reliability factors. Component packaging played a meet these demands and have many features of high density
major role in determination of reliability and thin film wirings, high power supply, high thermal conduc-
cost, while density was primarily driven by chip tivity and huge number of I/Os. in addition to high speed
level integration. Future systems for hand held,
laptop, and disk replacement applications based on wirings.
new, nonvolatile technologies will put much more 2hm wide, 75A center-to-center spacings, up to four
emphasis on package densification. Credit card
sized modules with capacity up to 50 megabytes are signal layers. 6ns/om signal transmissions, 2.5W/ca to
in the concept stages based on announced plans of 6.53/Cm

2 
high power density, 2177 to 11500 I/Os on a 10ca

semiconductor manufacturers to develop ever denser, to 22.5cm square substrate have been achieved by using
higher capacity chips. this super substrate technology.

Material challenges will derive from the need The packaging hierachy. the first level packaging of TAB
to significantly shrink component packages to LSI the second level of multi-chip Packaging by using
minimum size needed to support chip-to-system
interconnects. This will have to be achieved Palyimide-Ceramic substrate and liquid cooling module, and
without sacrificing reliability, yet cost per bit the third level of board assemblies are introduced.
will be expected to continue its downward trend.
The initial response is already evident in
development of small, ultra-thin plastic surface K1.5
mount component (PSMC) packages which are only ASS-CERAMICS FOR MICROELECTRONIC PACKAGING.
slightly larger than the IC chips (dies) embedded GL

in them. Problems that are exacerbated by this John F. MacDowell and George H. Beall, Corning

miniaturization include: moisture absorption rate, incorporated, Corning, NY.

fragility of terminal leads and sensitivity to
thermal stress in SMT assembly and field service. Glass-ceramics appear to constitute a new
Material and design improvements will be required generation in microelectronic packaging
to mitigate these effects and increase stress materials. Some recently developed glass-derived

Strategies which seem likely to be employed include ceramic materials with low dielectric constants
tape automated bonding (TAB), die coating and and thermal expansivities matching silicon are
support structures for outer lead terminals. This described. These materials include cordierite
paper presents a rationale for each strategy and solid solutions, boron phosphates, fluormicas,
discusses synergies leading to an optimized and microfoams.
packaging system.

A distinction is made between glass-ceramics
derived via internal nucleation and

Kl.3 crystallization of bulk glass and those formed by
M.%IFRIALS. NtIIIANWI(AL., AND IIIFRNIAI sONSIDER- sintering and surface devitrification of glass
A 110%% (Ii II(;II1 DFN'I Y N it 1 (IIIP F| F(1 RONI( PA('K- particulates.
A(r F%. 1 . Kr im % ( ornll I o c lmi , School of Ilec cal Sintered mixtures of glass and crystalline

I nginicering. Ithaca, \cw%- York l531. particulates, although not glass-ceramics, are
also described.

Ad anced clccironic "imc% increasingly derke their performancc

g.aim frmm dcnmsIt on ill, packaging lcvcls, I his trend i% particularly pro-
nounced for first lcvl package- and has lead to ;a enhanced rcearch cr-
fnrt on nlti.chip modile. I unda ntal limits. tudies have shown that
lcnqi? improvcmncnts h\ orders n magnitude are possible [I] . Recent
;,nil ve of multi-chip packages uig package syqtcin simulation [2]. a
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K2.1 K2.3

OPTICAL INTERCONNECT TECHNOLOGY FOR OPTICAL WAVEGUAIDES IN THE COMPUTER ENVIRONMENT?
MULTI-PROCESSOR NETWORKS John D. Crow, IBM, Modest M. Oprysko, IBM Research Division, T.J. Watson Research
Watson Res. Ctr, P.O. Box 219, Yorktown Heights, NY ('enter, P.O. Box 218, Yorktown Heights, NY 10598.

The interconnection of many processors in order to
increase the computing power of the ensemble is of It is anticipated that optics will play an increasing role in future
growing importance in the data processing industry, high performance computer systems. However, the incompatibility
For higher speed networks, optical interconnects
will be attractive if they can be implemented with of today's optoelectronic packaging technology with high perform-
Gigabit/sec speed, highly integrated components, ance microelectronic packaging is an impediment to the introduc-
packaged onto compact modules, compatible with DP tion of optics in the computer environment. Optical waveguides
equipment cards and assembly processes. The tech-
nology must also demonstrate high reliability and may provide a natural path for the integration of electrical and op-
almost error free operation in the computing system tical devices. These optical waveguides should be capable of pro-
environment. Adapting the current long-
transmission distance optimized optical technol- viding high density optical interconnect, be thermally stable,
ogy, consisting of discrete devices, custom compatible with standard electronic packaging processes, etc.
assembled into hybrid packages, with sub-micron Progress in optical waveguide work for computer applications from
optical alignments, seems ill suited to the near-
term realization of an optical interconnect tech- several laboratories will be presented.
nology which will be competitive with electrical
wiring approaches. K2.4 ABSTRACT NOT AVAILABLE

At IBM we have developed an optimized optical K2.5
technology for short distance, highly integrated, OPTICAL INTERCONNECT SWITCH. Paul R. Prucnal. Dept. of
Gigabit/sec speed links. We have used a I pm GaAs Electrical Engineering, Princeton University, Princeton,
E/D MESFET with SBL and DCS logic families to fab- NJ 08544.
ricate Tx and Rx chips with most of the link
adapter functions (i.e. serialization, clocking, The speed of VLSI circuits is experiencing a diminishing
line driving, and receiving) required to interface growth rate due to electrical I/0 bottlenecks at the chip
a data bus with a fiber optic network. and board levels. It is well-known that this electrical

pin-out problem can be remedied with fiber-optic inter-
K2.2 connects, since the information capacity of a single op-

FEMTOSECOND TIME DOMAIN TECHNIQUES FOR CIIARAC- tical fiber is several orders of magnitude greater than
an electrical transmission line. However, the increase

TERIZATION OF LINEAR AND NONLINEAR OPTICAL PROP- in channel capacity offered by optical fibers does not,
ERTIES IN GaAs WAVEGUIDES. K. K. Anderson, NI. J. LaGasse, by itself, solve the pin-out problem. It is important
H. A. Haus, and J. G. Fujimoto, Massachusetts Institute of Tech- that the interconnections be reconfigurable, so that

nology, Dept. of Electrical Engineering and Computer Science, and different functions can be performed without physically
restructuring the interconnection. The reconfigurationResearch Laboratory of Electronics, Cambridge, MA 02139. of interconnects can be performed, for example, by using
a photonic switch. Photonic switches have been shown to

Femtosecond time domain measurements can provide a powerful ap- have a very large transmission bandwidth and faster re-
proach for characterizing both the nonlinear as well as linear optical configuration time than their electronic counterparts,
properties of waveguide devices. Measurements of the nonresonant but photonic switches with high-interconnect capability
X3 or nonlinear index are of central importance for applications in all have not yet been demonstrated. The integration of

optical switching. We describe a new approach for directly measuring switch arrays with large dimension is limited by the
minimum physical dimension of an individual optical

nonlinear index in waveguide devices using femtosecond pump probe switching element, as well as by its crosstalk and the
time division interferometry. This technique achieves high sensitivity waveguide propagation loss. These factors restrict the
and reduces acoustic and thermal fluctuation artifacts in an interfer- dimension of a monolithic NxN optical switch array to
ometric measurement by using time division multiplexing and differ- about N-l0 input/output ports. In this talk, the experi-

mental demonstration of a novel switching architecture
ential detection. Sensitivities of A/500 are obtained without active for optical interconnects is reported. This switch mul-
stabilization. Combining this technique with a wavelength tunable tiplexes the signals from all input ports onto a common
femtosecond laser source permits measurements to be performed as a optical transmission channel. The multiplexed signals
function of wavelength. We describe studies of the nonresonant non- are then broadcast to all output ports. The switching

function is achieved by demultiplexing the desired inputlinear index in bulk GaAlAs waveguides as well as preliminary mea- ,rL, making high-dimensionality switches feasible.
surements in MQW waveguides. In addition to interferometry, pump
probe measurements of induced absorption can provide information K2.6
on the dynamics of carrier generation and state filling. Finally, time GLASS SEALING OF OPTICAL FIBERS. Kathleen S. Abbott,
of flight or multiple echo studies of pulse propagation in the waveguide E. I. du Pont dc Nemours & Co. (Inc.), Engineering Development
are a measurement of loss and dispersion. Systematic measurements Laboratory 101 Beech Street, P.O. Box 80840 Wilmington,
of the wavelength dependence of nonlinear index n2, two-photon ab- Delaware, 19880-0840
sorption fl, as well as simple linear measurements of absorption a can
provide a comprehensive characterization of the waveguide device. As a replacement for metallized fibers soldered into packages, a

method was developed to glass-seal bare optical fibers into metal
tubes The glass seal protects the package hermetically from the

environment and eliminates the use of epoxies and metallization
techniques. Much work was done to test the influence of system
variables on the functionality and long-term life of the seal. Results

indicate a stable product from the standpoint of temperature, me-

chanical stability and optical signal integrity.

The design challenge lay in the choice of both the metal tube and
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the solder glass. Correct material and processing selection resulted K3.3
in a highly stable fiber subassembly versatile enough for use in NEW PHOTOSENSITIVE POLYIMIDE (SIM2000XL-RTS) FOR
many optoelectronic. electro-optic and like devices. PACKAGING APPLICATIONS. H.S. Kwok, S, Lou, M. Xu and P.L
Packaging and optical alignment required that the seal maintain a Liu, Department of Electrical and Computer Engineering, State
high degree of hermeticity, pure optical integrity before and after
sealing, ability to withstand temperature cycling, and geometric University of New York at Buffalo, Amherst, N.Y.; C.I. Lee, Occiden-
centering of the optical fiber within the glass seal. The product, tal Chemical Corporation, Technology Center, Grand Island, N.Y.
which has been developed and tested by Du Pont in collaboration
with British Tclecom Research Labs, meets all these icquirements
and is being manufactured at BT&D. Polyimides are finding increased use as dielectric materials in multi-

level metalization technology, which is the key to high-density packag-

K3.1 ing applications for microelectronics.

PHOTOSENSITIVE POLYIMIDES Hiroo Hiramoto, Toray
Industries, Incorporated, Sonoyama, Cty, Newly developed photosensitive polyimidesiloxane (SIM2000XL-
Shiga 520, Japan

Photosensitive polyimides are used as RTS) has been evaluated in terms of thermal stability, photosensitivity
interdielectrics and protection coatings of and lithography as well as electrical breakdown properties. The sen-
electronic devices. They can easily give fine-
patterned films with excellent characteristics of sitivity to N2 laser exposure has been measured under optimized
polyimides by photolithographic procedure. process conditions. We also find that SIM2000XL-RTS can be
Photosensitive polyimides are composed of processed up to 350 0 C without significant decomposition. Micron-
polyimides or polyimide precusors with p
photosensitive groups ana can.be converted into scale contact imagines can be successfully patterned by both N2 laser
polyimides by heatcuring. Photosensitive groups
such as double onis azPdesv and conventional UV exposure. The electrical breakdown fieldo-naphthoguinonediazides or o-nitrobenzyl are
incorporated to polymer chains through covalent strength of SIM2000XL-RTS is about 4 MV/cm by sandwitch
bonds or acid-amine salts. Some polyimides have
photosensitivity even without specially introduced measurements.
photosensitive groups. Most of photosensitive
polyimides are negative-working, but a few of them
are positive-working. K3.4

Characteristics of photosensitive polyimides are ENVIRONMENTALLY STABLE POLYMERS FOR
fixed by two factors, the method of introducing
photosensitive group and the structure of ELECTRONIC PACKAGING FROM SOLUBLE
polyimide backbone chain. Photosensitivity,
resolution, purity, easiness of imide conversion INTERMEDIATES. C. _. be, T. Mates, and H. Martin,
reaction depend mainly on the former factor. The
fiim properties after curing are mainly determined Materials Science & Engineering, Cornell University, Ithaca,
by the latter and are also affected by the former NY14863-1501
wnen imide cyclization is imperfect.

Photosensitive polyimides are widely used as
buffer coatings an interdielectrics of LSI, We are investigating new polymers based on poly(phenylene
4nterdielectrics of LSI assembly packages for
computers, and protection coatings of electronic vinylene), PPV and poly(phenylene), PP. Like Kapton, the well
devices such as linephotosensors. known polyimide, these polymers can be spincoated from

soluble intermediates and convorted to their thermally stable
Y3.2 forms by elimination of small groups during a heating cycle.

STRUCTURE AND PROPERTIES OF LIQUID CRYSTAL As such, these polymers are insulating. Unlike Kapton, both
POLYMERS. Samuel L.Simp, Department of Materials poly(phenylene vinylene) and poly(phenyleiie) have tho
Science and Engineering, University of Illinois at Urbana-
Champaign, Urbana, IL potential for metallic conductivity when properly duped,

Thermotropic liquid crystal polymers are a new class of During curing, the complete romoval of the leaving groups is
polymeric substances which may find application as important in determining the final behavior of the cured
advancea electronic packaging materials. This possibility is polymer film. Elimination of the leaving groups was followed
based on the thermo-mechanical and dielectric properties of
some of these new materials. Aromatic polyesters are one of by means of Rutherford Backscattering analysis fur various
the chemical families of thermotropic liquid crystal curing conditions and environments. We will describe the
polymers and these are at the moment commercially curing and film-forming propertios of these polymers, and
available in the USA, Europe and Japan. These materials discuss both their dielectric charactoristics and thermal
are particularly interesting because of their high thermal stability as a function of the curing conditions.
stabilities as solids and because they melt into fluids with

relatively low viscosities given their nematic nature. Upon
solidification the ordered fluids crystallize partially yielding K3.5
materials of high strength and low coefficients of thermal THE PREPARAI ION AND PROPERTIES OF A NEW
expansion. One of the aromatic polyesters, the homopolymer FAMILY OF AMORPHOUS FLUOROPOLYMERS:
of p-hydroxybenzoic acid, has one of the highest ambient
temperature thermal conductivities known for polymeric TEFLON* AF. Pu. Resni. E. I. Du Pont de
materials. Also many of these new materials exhibit Nemours & Company, Inc., Polymer Products
excellent chemical resistance and low dielectric constants. Department, P. O. Box 80353, Wilmington, DE. 19808-
The lecture will discuss some of the fundamental links
between the observed properties and the molecular 0353
constitution of these materials. Another topic to be covered is
the impact of surfaces and external forces on the molecular
orientation of thin layers. Teflon' AF isa new family of amorphous fluoropolymers

based on bis-2,2-trifluoromethyl-4,5-difluoro-1,3-
dioxole which has unusual properties. In addition to the
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superior electrical (e.g. dielectric constant = 1.934 @ 1 on the film thickness over a wide range. Strain-
MHZ), chemical resistance and thermal properties enhanced diffusion of solvent into the films is
associated with fluoropolymers the Teflon* AF family considered to be responsible for the property
possesses glass transition temperatures as high as degradation that leads to damage propagation.
3000 resulting in improved physical characteristics. K3.9
The polymers have extremely high optical clarity and DELAMINATION OF MErAL-POLYMER INTERFACES WrTH SMALL
have limited solubility in some commercially available GEOMETR]ES. Shih-liang Chlu ,Y.H. Jeng, Raul E. Acosta and Paul S. Ho.

IBM Thomas J. Watson Research Center, Yorktown Heights, NY 10598pe, efluorinated ethers. Teflon' AF polymers may be
either solution cast into clear micron thin films or melt Mctal-polymer multilayeed structures are increasingly used in electronic packag-
processed into a variety of forms. ing. The mechanical integrity of such structures is an important concern, partic-

ularly regarding the effect due to dimensional reduction on the delamination
behavior of the metal-polymer interface. This problem has been investigated using

K3.6 a stretch-deformation method on samples with fine metal lines patterned on
INELASTIC DEFORMATION AND FRACTURE OF POLYMER COMI- polyimide substrates. The samples with patterns of eqtual-line.space of 4-16 urn
POSITES. D.M Shinoki Department of Materials Enernng, University of of Au/Cr laminate were photolithographically fabricated on the PMDA-ODAW O taro D. .dnoni Dearmo MAerAls nginensubstrate. Preliminary results show that the mode of interfacial failure depend onWestern Ontaio, London, Ontario, N6ASS CANADA the line width of the Au/Cr line and the orientation of the metal line with respect

to the stretching direction. Only cracking is observed when the orientation of
metal lines is parallel to the stretching direction. In the perpendicular direction, theThe study of the mechanical integrity of muhi-phase systems such as polymer- failure behavior changes from a pure delamination mode to a mixed mode of

metal, polymer-ceramic and polymer-polymer composites involves some aspects cracking and delammation as the line width decreases from 16 urn to 4 urn. Results
of both contnumn mechanics and matcrials science. A review of some topics can be qualitatively accounted for using a simplified model based on two-
which relate these two general approaches will emphasize methods to measure dimensional stress analysis and the Poisson ratio missatch between metal and
useful parameters. Some important considerations which an often overlooked, polymer.
and which should be evaluated are the pressure dependence of inelastic deforma-
tion, non-constant volume plastic flow, time and temperature dependent response
and inhomogeneity of plasticity. The need for including these considerations will K3.10
be discussed briefly. ORGANIC DIE COAT MATERIALS FOR PLASTIC

PACKAGES. R. Padmanabhan, Final Manufacturing
K3.7 Research & Development, Mail Drop B-136, Motorola,
SOLVENT DIFFUSION IN SELECTED POLYIMIDE FILMS. W.P. 5005 E. McDowell Rd., Phoenix, AZ 85008.
Pawlowski. M.I. Jacobson, M.E. Teixeira, and K.G. Sakorafos, IBM
Systems Technology Division, Endicott, NY 13760 The role of organic materials in electronic packages

The absorption of several solvents including methylene chloride is constantly being expanded. A fairly recent application
(MC).methyl chloroform (MCF), y-butyrolactone (BLO), dibromome- is the use of these materials for encapsulating high lead
thane (DBRO), 1.2-dichloroethane(DCE), and 1,2-dichloropropane count IC dice, like TAB chips that are bonded directly to.
(DCP) in Kapton Hrm *, Upilex ST , and Upilex RT" polyimide film the board in plastic packages. Since these packages are
was measured gravimetrically. A significant difference in the rate and
amount of absorption of these chemicals by the various films was non-hermetic, some special constraints are placed in the
observed. The difference in chemical structure, method of imidization, selection of these die coat materials. Reliability issues
and film formation play a major roll in the absorption properties of the that have to be addressed include compatibility with
polyimide. The diffusion of MC and DBRO in Kapton H was shown the underlying dielectric medium, chemical resistance,
to be Case I1 by both gravimetric and Rutherford backscattering spec-
trometry (RBS) analysis. In addition, RBS measurements of DBRO low moisture absorption, corrosion protection and
diffusion into the rough (drum) and smooth (air) side of Kapton H film resistance to thermal stresses. This paper discusses
showed that solvent penetrating from the rough side initially penetrates some of these concerns and reviews the suitability of
more rapidly. MC diffusion in Upilex R was found to be intermediate different categories of die coat materials for this
between Fickian and Case II using RBS. Although Upilex S showed
no MC or DBRO weight gain gravirnetrically, RBS analysis showed a application. Examples are given from three classes of
small weight ga:n Rftr extended exposure. materials that were investigated in this study, viz.,

epoxy resins, polysiloxyimides and silicones. Results of
chemical resistance, thermal cycle, temperature-

1(3.8 humidity-bias and other tests are discussed and some
SOLVENT-INDUCED DAMAGE IN POLYIMIDE THIN suggestions are made for future research in this area.
FILMS. Mu-San Hu, Materials Department, University of
California, Santa Barbara, CA 93106. K4.1

CERAMIC/POLYMER NANOCOMPOS:TE PROPERTIES FOR MICROELECTRONIC
Solvent (e.g.: xylene) induced damage bands formed in PACKAGING. Robert E. Newnham, Amitabh Das, Thallam T.
residually strained polyimide thin films on Al Srinivasan, Materials Research Laboratory, The Pennsylvania
substrates have been studied. Microscopy studies State University, University Park, PA 16802
showed that these damage bands resemble crazes. A The thermal expansion and dielectric properties of various
mechanics approach is taken to understand this polymer/fumed silica composites have been studied. Both
phenomenon, thin film and bulk samples were prepared and the fine silica

was dispersed and mixed with the aid of solvents and ultra-
The characteristics of the damage bands have been sonification respectively. TEl micrographs showed the

evidence of the formation of a nanocomposite. The dielectriccompared with the behavior of cracks in brittle thin properties were low which is suitable for substrates, butfilms. The critical strain for damage formation has been they did not conform to any mixing rules, which are used
identified. This strain tends to diminish with increase for micro, or macro composites. The thermal expansion
in exposure time. In contrast to the cracking of brittle coefficients similarly did not follow any of the composite
films, the critical strain exhibits only weak dependence rules, predicted by effective medium theory and others.SAn anomalous behavior in the thermal expansion coefficient
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:as observed, well below the T9 of the polymer. An attempt K4.4
is made in this study to explain the unique properties CERAMIC FIBER COMPOSITES FOR ELECTRONIC PACKAGING:
,)f nanocomposites, which cannot be predicted by conventional THERMAL TRANSPORT PROPERTIES. Honcmei Zhano, David
composite modeling of properties. G. Onn, ATPL, Department of Physics & Astronomy,

University of Delaware, Newark, DE 19716 and John
Bolt, Experimental Station, E.I. Du Pont de Nemours

K4.2 and Co., Wilmington, DE, 19898.
CHARACTERIZATION OF DIELECTRICS OVER BROAD ELEC-
TRICAL BANDWIDTHS Q. Ariavalingam. Y. Pastol. J.-M. Halbout, Composites which combine the high thermal
and G.V. Kopcsay. IBM Thomas J. Watson Research Center, conductivity of ceramic fibers with the low
Yorktown Heights. New York 10598. dielectric constant of polymers are attractive

candidates for electronic packaging applications.
There is considerable recent interest in the dielectric properties of ma- We have measured the anisotropic thermal diffusivitybetween 20 K and 500 K of uniaxial, quasi-isotropic
terials measured over broad electrical bandwidths. This follows from and random fiber composites containing various
advances made in the performance of electronic devices which now volume fractions of alumina and other fibers. The
produce pulses with risetimes in the order of 5 picoseconds. It is es- x-axis and y-axis diffusivities were obtained from
sential to know the dielectric constants and loss properties of the ma- a modified Angstrom's Bar while the z-axis
terials used in fabricating these devices and their interconnection diffusivity and specific heat were obtained from an
structures, up to frequencies of about 100 OHz. In this talk we win Electronic Pulse technique. The anisotropic thermal
describe a novel technique for measuring these properties, from 10 conductivities were then obtained from the
GHz to about 125 GHz. in a single experiment. diffusivities, the density and the specific heat.

The uniaxial x-axis conductivities were analyzed
The technque is based on transient electromagnetic pulses radiated and using the "parallel model" permitting extraction of

the temperature dependence of the fiber
received by broadband antennas. The antenna structures are inte- conductivites. The y-axis, z-axis and random fiber
grated with the high-speed optoelectronic devices used for both elec- conductivities were very dependent on the composite
trical pulse generation and for electrical sampling. The radiated mirrostructure and required more complex composite
electromagnetic pulses have frequency components between 0 and 150 transport models for analysis. For uniaxial
GHz. When a sample is inserted in the microwave beam, the received composites the y-axis and z-axis conductivities did
time-domain signal undergoes attenuation and time delay caused by the not agree for higher fiber loadings as the influence
absorption and the dispersion of the material respectively. From this. of the anisotropic pre-preg structure influenced the
the loss coefficient and dielectric constant can be determined sepa- transport properties.
rately. over the wide availabe bandwidth, using Fourier analysis. Since
the rqdiation is highly polarized, we can also characterize the orien-
tation dependent dielectric properties of anisotropic materials. K4 .5

PREPA.RA"I2N CF A! 0 -CLATED METAL SUBSTEATE FCRWIGH DENSITY ELECTRONIC ASSEMBLY. K. akada,
We will describe the experimental set-up and the analysis used to make M.Ono anu S.Kosuge, NKK Corporation, KawasaK-the broadband dielectric characterization. and present results, obtained ku, Kawasaki, 210, Japan.
for the first time at these frequencies, for several materials including
polymers. ceramics, and uniaxial crystals. The appearance of the higher density assembly

together with recent advances in electronic
devices d; demanded the substrates with higher

K4.3 thermal conductivity. We have succeeded in
OW preparing the new metal substrates insulated

A NEW IULTILAYERED MATERIAL WI TH LW with Ai:,O, thin film by a CO. laser evaporation
DIELECTRIC PERMITTIVITY BASED ON INTERCALATION process which was newly developed by authors and
PROPERTIES OF LAYERED COMPOUNDS. Vivek characterized by the high deposition rate of
Mehrotra and Emmanuel P. Giannelis, Department ceramics compared with the other conventional
of Materials Science and Engineering, Cornell deposition processes.
University, Ithaca, NY 14853.

The A1.0 3 films deposited on Al substrates were
Microelectronic packaging in the next examined in terms of chemical composition,
generation of very high speed ICs will require microstructure, density, hardness, breakdown
materials with very low dielectric constant voltage, thermal conductivity and so on. The
and loss tangent. New materials based on a major results are as follows.
series mode in which layers of the two (1) The compositon of AlO,, films was nearly
components are stacked alternately with the stoichiometric relationship.
electric field normal to the layers have been (2) Al,0, films were amorphous.
proposed for reducing the dielectric (3) AlO, films with 3-15wm thick were very
permittivity. Intercalation compounds formed dense (pore free) and very hard(Hv=2000kgf/mm).
by the insertion of atomic or molecular layers (4) The breakdown voltage was over 100V per lpmthick, which was much higher than that of A1,O,
of a guest species in the galleries of the bulk,
host are excellent precursors for the (5) Vhe thermal conductivity was about five
realization of such superlattices with times as I ih as that of AlO substrates.
atomically sharp interfaces.

These ref lead to the conclusion that this
We have fabricated multilayered films with new meta. ;trate could be very effective for
Angstrom range periodicity by intercalating high dens--; electronic assembly.
discrete molecular layers of a polymer in the
galleries of insulating layered silicates.
The resulting structure exhibits good
dimenqional stability, good metal adhesion and
a very low dielectric constant. The
dielectric properties of the pristine layered
host, guest species and the intercalated
compound will be presented and discussed.
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K4 .6 film ano the substrate. As expected, these residual stresses were found to
be greater for the silica substrates than for glass. A transmission electronMETAL MATRIX COPOSITE MATERIALS FOR ELECTRONIC PACKAGING. microscope (TEM) study of the films in cross-section confirmed that theM. N P. Gungo , Westinghouse Science and Technology Center, defects associated with the line broadening were twin faults andPittsburgh, PA and J. D. Gardner, Westinghouse Electronics dislocations. The effect of the passage of the fracture event along the

Systems Group, Baltimore, MD. Cu/cerarnic interfaces was to significantly reduce the extent of line shift,

Due to increased demand for lightweight, high performance but only to slightly reduce the extent of broadening. This result suggests
thicrd eadesrigh echtric a p rmic that although the overall mean strain in the Cu is reduced by the passage

integrated circuits, the design of electronics and micro- of the fracture event along the copper thin-film/ceramic interface, the non-
wave packaging systems requires lightweight, thermally uniform strain is not much affected. This occurs because, as expected,
manageable, fabricable and cost effective materials, dislocations are generated in the thin copper film as the crack extends
Engineered metal matrix composites reinforced with fibers, along the interface. This was also confirmed by TEM studies. It was also
whiskers and particulates offer new opportunities for found that the greater the strength of the interface, the greater was the
design engineers to meet these design criteria. The pre- reduction in mean strain due to the fracture event; this, of course, is
sence of a low coefficient of thermal expansion reinforce- consistent with the generation of greater numbers of dislocations in the
ment phase and high thermal conductivity metal matrix :.llow copper films by the fracture events along interfaces of higher strength.
the packaging to be thermally stable to semiconductor
devices and provide heat transfer paths to surroundings.
In addition, low density and high modulus of the composites K4.9
provide weight savings for the package design which is par-
ticularly important for space and aerospace electronics THE EFFECT OF N2 ADDITION ON SPUTTERED TITANIUM
systems applications. Because of low cost of fabrication, BORIDE FILMS. N. C. Saha and R. K. Sharma,
one particular composite material system of interest for Motorola Inc., Phoenix, Arizona.
applications is particulate reinforced metal matrix compo-
sites.

Thin films of titanium boride were deposited
In this paper, the results of CTE behavior of ceramic onto SiO 2 substrate by sputtering from a TiB2 target in
particulate reinforced Al metal matrix composites are (0-100%) Ar/N2 gas mixtures. The film properties such
presented. The effects of reinforcement chemistry, volume as composition, crystallinity and sheet resistance were
fraction, and matrix chemistry are discussed, significantly changed upon addition of N2 in the sputter

gas. These changes in composition and crystallinity were

K4 .7 evaluated by x-ray photoelectron spectroscopy (XPS)
\1)1 Si\. R I i)\ ,IIId N1 X1II3 I 1 1 11 II A IP01 )\I% R and x-ray diffraction (XRD) techniques.
I I I (1I I Kimn. "; I' K ,x .dlcs k. ) II Kinii '). I S Oh and

\\.dkcI l\ I \\ Rc'c.iith ( enter. I't Bo\ 2IS. Yorktolkn The film deposited in argon was stoichiometric TiB2
Ih.ight1. \Y I,'S I*i KAIS I. ('ihog-1l.6,g '( 110 I 11. Seoul. and polycrystalline in nature. Addition of nitrogen led to
Kcre, decomposition of TiB2 , formation of BN and TiN

iowildc l. h1k beci of grat incrct it the onicroelcorntnic Uhdustrv duc compounds, loss of crystallinity, and increase in the film

c iq, imCA r c propcc '.I a high tenipcerature yahihll\. e\CeVCZ tow" sheet resistance. The changes in properties of these films

,hiectri( intait anrid cas\ procesihlhT\. A\ hen coupled ith thin on- as a function of deposition conditions are directly
tfiwing metal films. therc are haa i\l two INpes (of incrlaces between attributable to the film compositions.
rocil and pokitrnudc r rst. the interlacc formed i, titc vapor deposition
o- nctal Il is (in cured pohinimt (i m cal-on-polhimidc interface ) and.
'ccond. the intcrfacc created hy spin coating of a polknnide precursor K4. 10

onto a metal Film followed h\ curing to form the pot.im ide ( polyimidc- RBS ANALYSIS OF PHOSPHOR PACKAGES FOR LASER-HEAT TI
cTr -metal intcrrace . Tlie prccnt wsork addres se the characteristics of DOSIMETRY. Stanley H. Stern, Jack L. Price, Donald G.

thewc to ixpc of pokix idc intcrfaces "ith ceeral inctal in terms or; Simons*, David J. Land, and Veerendra K. Mathur, U.S.

iIi tlir unique interfacial chemical reaclion mechanism. (2) correlation Naval Surface Warfare Center, White Oak Laboratory,

Of (he interfacial reactons with thicr adheson trcngth and (3) consc- Silver Spring, MD 20903-5000.

pIcnte of the interfacial reaction for stabiity of the interfaces and for Components and packages of phosphors being developed by
rehahihti of microclectronic devices. This paper is to gummari7e the International Sensor Technology, Inc. , for a laser-heat
interface related issuc in microelectronic industry mostly published else- thermoluminescence radiation-dosimetry system have been
wkhere analyzed with Rutherford Backscatter Spectrometry (RBS)

and complementary measurements of Particle-Induced X-ray
Emissions (PIXE). Samples consist of - 50-micron diam-

<4.8 eter powder grains of CaS0 4 :Tm, of mixtures of CaS04 :Tm

X-RAY DIFFRACTION STUDIES OF THE DELAMINATION OF and LiF:Ti.Mg, or of F1-B40 7:Tm respectively embedded in a

COPPER THIN FILMS FROM GLASS AND SILICA SUBSTRATES. transparent silicone adhesive matrix (Dow-Corning 96-

Alan G. Fox and Rowland M. Cannon. Center for Advanced Materials, 083). The matrix with phosphor is pressed and cured

Lawrence Berkeley Laboraory, University of California, Berkeley a 150 0 C and 4000C on a - 1000-A thick Al heat sink evap-
CA9720. orated on a substrate of Dupont KAPTON VN.

Double-cantilever-beam (DCB) samples for fracture toughness studies Our principal finding with regard to morphology indicates

have been made from thin films of copper on glass or silica substrates so an inhomogeneous outer layer - 100 pg/cm
2 

of silicone

that during testing the fracture event passes exactly along the binder that covers the phosphor-matrix bulk. Such encap-

copper/glass(Si02) interface.The strength of these Cu/glass (SiO) sulation might explain dosimeter robustness vis-A-vis

interfaces is governed primarily by the amount and type of impurities possibla linidiy degradation. A second significant

present when the thin film is prepared and the environment in which the finding is the spectrometric suggestion of Be and B inthe binder. If their presence is confirmed, these ele-
DCB test is performed. In the present work X-ray diffractograms were te be res ele t osrved le-

taken from regions of the thin Cu films which had 'seen' fracture events ments might be respectively related to observed large-

and compared with those (from the same sample) which had not, and the background "zero" radiation-dose BeO thermoluminescence
results correlated with the measured fracture toughnesses. The X-ray and to potential i°B thermal-neutron absorption.
diffraction lines from the copper films which had not been subjected to a
fracture event were shifted and broadened (relative to strain-free copper)
due to the differences in thermal expansion coefficient between the Cu
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K i co-fired tungsten-aluminum nitride metallization system
is not currently available. Using a variety of electron

DIELECTRIC PROPERTIES OF SINTERED AIN, R.D. Harris, optical and analytical techniques, we have performed
R.C. Enck, and J.L. Fields, BP Research, Cleveland, OH 44128. microstructural and microchemical studies on both

coiffed thick film tungsteo/AiN interfaces, and on

AIN has been proposed as a high thermal conductivity substrate oiNedubstraes containing YA0 , CaWO and WO as
material for the electronics packaging industry. In order to make use intering aids. Based on Ree re0 u taW a ;del is
of AIN in this application, it is extremely important to have a thorough proposed to explain the reaction sequence and the
understanding of Its electrical properties. We have initiated a study of nature of the bonding mechanism that produces adhesion
the ac electrical properties (dielectric constant and dielectric loss) and at the tungsten-aluminum nitride metallization
the dc resistivity of sintered AIN. For this study, we have used interface. The effect of the morphology and
samples purchased commercially as well as samples made by the microchemistry at the interface region on thermal
Carborundum Company, a member of the BP Group. Measurements resistance at the inter.face will also be discussed.
have been carried-out as a function of temperature and frequency.
Using photolithographically defined sputtered gold electrodes In a
guard ring geometry (yielding E to better than ± 1%), we find variations K5.5
in the room temperature dielectric constant for AIN substrates obtained LOW TEMPERATURE SILVER-GLASS DIE ATTACH MATERIAL. Mark
from different sources. The source-to-source range is from 8.S to 8.7. Blocker and My N. Nguyen, Johnson Matthey Electronics,
This variation has not been previously reported, with 8.8 being the San Diego, California.
generally reported value in the product literature. We find similar
source-to-source variationsinthe room temperature dielectric loss. All A new silver-lead vanadate glass die attach material is
of the samples show thermally activated behavior in the dc resistivity. discussed. Its sintering characteristics is examined by
The activation energy observed for most samples is similar; however, dilatometry and electron microscopy. Sintering is found
different pre-exponential factors are apparent. As a result, there are to occur at lower temperature than conventional silver-
large variations in the measured room temperature resistivities for glass system. This is caused by the reaction between
samples from different sources. silver and one of the glass component during the heat

treatment. The sintering characteristics can be altered
using appropriate additives leading to crack free die

K5.2 bonding without sacrificing adhesion.

Time-Resolved Luminescence of Oxygen-Related The new glass combined with a more volatile organic

Defects in Aluminum Nitride L..Harris and R.A Youngman. system has produced a single pass die attach material
BP Research. Cleveland, OH. which can be fired at temperature as low as 360 C. In

addition, the sintering rate is controlled by additives
The luminescence of aluminum niride doped with approximately lwo to provide the stress relief for large area dice.
oxygen consists of an intense, very bwaa (IeV), specral line in the near
UV centered at 375 run. Though there is little doubt that this tnsistion is
associated with oxygen incorporation in the AIN lattice, both the anomalous K5.6
width of this feature and the specific complex from which it originates, have
been a matter of debate over the past decade; .In this paper we present FAST FIRING OF A LOW TEMPERATURE DIELECTRIC BASED ON LEAD
time-resolved luminescence data, over millisecond time scales, which MAGNESIUM TUGSTEN ZIRCONATE TITANATE; S. Mansfield, A.M.
strongly suggests that the 375 nm peak is due to a donor to acceptor
transistdon. as originally described by Thomas et al. for GaP

3.The major Barus, S.M. Landin, J .A.T. Taylor, New York State College
evidence for this conclusion is the observation of significant sbiwt in the of Ceramics at Alfred University, Alfred, NY 14802
peak position as a function of delay time. This model is further shown to be
consistent with a mechanism for oxygen accomodation in AIN where charge
balance is achieved via the formation of aluminum vaccancies in the lattice. The possibility of fast firing a relaxor dielectric to

mitigate the lead loss and reduce the cost of sintering

K5.3 has been investigated. A binder burnout prefire is

A TECHNIQUE FOR BRAZING ALUMINUM NITRIDE required to prepare the tape cast laminates for fast
SUBSTRATES.. M. Grant Nortion. Jacek M. Kajda. Brian C. H. Steele, firing. The dielectric fornmlation, Pb(Mn. 3s .6 ). 2
Department of Materials, Imperial College of Science . Technology and
Medicine, Prince Consort Road, London, SW72BP, England. (Mg. W. 4 Zr. 2 3 Ti. 27 3 shows superior properties when

fired conventionally, if processing procedures area

A technique for brazing aluminum nitride 
(AIN) using conventional (non-

active) brazing alloys has been investigated.The process involves the in- carefully controlled, including using the columbite

situ decomposition of a metal hydrideThis process alters the surface precursor method to avoid the creation of excess
chemistry of the substrate and improves the wettability of the molten
braze.The development of high strength bonding between braze and
ceramic results.The ceramic-braze interface was studied using scanning electron microscopy and impedance analysis at various
electron microscopy (SEM).The nature of the interfacial reactions and the temperatures and frequencies are presented for various
reaction products have been identified using x-ray diffraction (XRD).The
progress of the reaction has been followed using differential thermal fast firing profiles.
analysis (DTA)

The experimental results have been correlated with thermodynamic
predictions of the reaction process.In addition to joining ceramic to
ceramic, braze joints of AIN to copper and to a low expansion iron-nickel
lead frame alloy were made.

K5.4

THE MICROSTRUCTURE AND MICROCHEMISTRY OF TUNGSTEN AND
TUNGSTEN COMPOUND REACTIONS WITH ALUMINUM NITRIDE.
Alistair D. Westwood & Michael R. Notis, Dept. of
Materials Science & Engineering, Whitaker Lab #5,
Lehigh University, Bethlehem, PA 18015

A clear understanding of the bonding mechanism in the
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X<5. 7 
K5. 10

rENDRITIC FORMATION AND GROWTH OF Si IN THE Cu3 Si Complexities of Copper Thick Film Processing forIATRIX INDUCED Bli ION IRRADIATION AND THERMAL Multi-layer icrocircuits.ANNEALING. JIAN LI, 5.RUSSELL AND J.W.MAYER, Dr. Ronald P. Anjard, Director/CPTDepartment of Materials and Engineering, Cornell While thick film materials have been used in microcircuitsUniversity, Ithaca,Ny14853,USA. for over 15 years, the use of copper has been a long
Cu.,Si bilayer samples with overall compositions desired alternative to the precious metal systems such asCu,-_Si,(0OlXl), determined by Rutherfordback'scattering spectrometerhave been irradiated gold, platinum-gold, palladium-silver and others, on bothat room temperature to a dose of 5Xl0'5Kr/cm 2  

functioal and cost basis.After irradiation, transmission electron
microscopy (TEI) resultes showed that the CuSiPhase was formed between the Cu and amorphous Si Ibwever, there have been numerous major technologicalfilm. Subsequent room temperature aging led tothe formation of dendritic patterns in the Cu3 Si considerations which have greatly iniacted the replacenentmatrix. These dendritic patterns were identified of these precious metal systems with copper. Complicatingas amorphous Si Precipitates. Upon furtherannealing at 45CC, these dendritic patterns this, in recent years there has been the added technologybranch out at the tips. The TEM results showed of mu~lti-level microcircuits using the thick film technology.that the new branches of Si dendritic patternsare crystalline and the oriqinal dendritic In this case multiple layers are developed with intermediate
patterns remained amcrphous. The kinetics of the barriers as well as special interconnections. Thesedendritic growth and the recrvstallization ofamnrphus $1 in the CuSi matrix have been added operations have further coplicated the effective

utilization of thick film copper materials. At this
K5.8 point in time, very few multi-level thick film manufacturers
OXIDATION OF PB-SN AND PB-SN-X ALLOYS: BULK VS. use copper as an effective alternative. This paper willGRAIN BOUNDARY REGIONS. D.A. Sluzewski, Y.A. deal with technical and quality factors affecting andChang, Department of Materials Science andEngineering, University of Wisconsin-Madison, allowing the utilization of copper thick film systems inMadison, WI 53706, and V.C. Marcotte, IBM complex multi-level circuits as well as the mereGeneral' Technology Division, East FishkillFacility, Hopewell Junction, NY 12533. traditional yet high volume single layer thick f-l
Vacuum fatigued Pb-Sn alloys show marked circuit systems.
increase in fatigue life when compared with airfatigued samples. Oxygen interactions at the K5.11grain boundaries appear to play a role inreduced lifetime. For these reasons, the INFLUENCE OF FIRING GAS PRESSURE ON THEoxidation behavior of Pb-Sn and Pb-Sn-X single MICROSTRUCTURE AND THERMAL CONDUCTIVITY OF AlNphase alloys was characterized using a scanningAuger multiprobe (SAM) system. Using CERAMICS, E. Udagawa*, H. Makihara, N. Kamehara,conventional Auger spectroscopy combined withargon ion sputtering, the compositions and and K. Niwa, Fujitsu Laboratories Ltd.,Morinosato-thickness of the surface oxides for varioustimes and temperatures were determined. Wakamiya 10-1, Atsugi, JapanUtilizing the small beam size (-0.1 micron) ofthe SAM, the regions at the grain boundarieswere examined. By combining these techniques,the ,J;.Cie oxidation behavior of the bulk and The thermal conductivity of AlN is significantlygrain boundary regions will be illustrated, affected by its purity. In particular, a small

amount of oxygen decreases thermal conductivity.K5.9

NEW TYPE POLYIMIDE FOR MULTI 0iIpS MODULE APPLICATION. We used CaCO3 as an additive to decrease oxygen
H.SATMI, D.MAKINO, T.KIKUIHI, AND T.SAITO, HITACHI impurity. Calcium alminate (CaxAlyOz) is formed by
CfENCAT_ COMPANY LTD., ISARAKI JAPANY

the reaction of A1 2 0 3 and CaO during firing, WeIn this paper we will describe a new type low dielectric the nfluen oas resr uring
constant polymide for Mulri Chips Module application. investigated the influence of gas pressure duringAs well known, Fluorine containing polyimide indicates firing on the microstructure and on the thermallow dielectric constant, however one disadvantage isweak resistance to solvent ccmpare d to aromatic type conductivity of AlN ceramics. Thermal conductivity
polyinude.

exceeded 260 W/m K was obtained, with a firingNew type polyimude shows 2.7 as dielectric constant andhas the strong solvent resistance by using p-Terpheny- pressure of 700 kPa. This value is a 30% higherItetracarboxylic Dianhydride as a new acid monomer. than that obtained at atmospheric pressure. And

remaining oxygen take a minimum value at same
pressure. We confirmed that the composition of the
remaining impurity is C3 A(3CaO A12 0 3 ).
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X5.12 although some commercial products are now exceeding

ION EXCHANGE REACTION IN A THIN FILM OF POLYIMIDE. 50% of the single crystal value. The room
Yoshiro Akagi, Mariko Ishino, Yasunari Okamoto temperature thermal conductivity is inhibited
Hiroshi Taniguchi, KohJi Ooka, Yoshiharu Nakajima, primarily by impurities but is also affected by
Sharp Corporation, Corporate R&D Group, Tenri, grain size effects. In order to clearly separate
Nara, 632 JAPAN these effects we have measured the in-plane thermal

conductivity of a comprehensive set of experimental
Polyimide resin is now widely used at various and commercially available AIN substrates between
fields in electronic applications because of its 20 K and 500 K (-250 C to 230 C) using a precision
stability against temperature. This material Guarded Longitudinal Bar method. Comparison with
generally serves as a dielectric insulator between our own out-of-plane Laser Flash values indicates
circuit electrodes. Usually, the dielectric layer the substrates are thermally isotropic. The
has been exposed to a number of wet chemical temperature dependent thermal conductivity data is
processes including immersion in organic solvents analyzed using a non-linear least-squares fit to the
and/or in aqueous solutions. KXlmens-Callaway model the parameters of which

include crystallite size and impurity concentration.
We examined a relationship between imidification The resulting crystallite size and impurity
of polyimide and adsorption of sodium ion in thin parameters are compared with values obtained from
films of polyimide. Samples of aromatic polyimide such material characterization techniques as SEM,
with and without siloxane modification were
prepared by spin-coating method on silicon wafers, XRD and PIXE.
followed by ring-condensation at high temperatures
above and below 200t. Then thin films of polyimide K6.3
of about 100nm whose imidification were previously
determined by ir absorption, were soaked in dilute TEMPERATURE DEPENDENCE OF THERMAL CONDUCTIVITY OF
aqueous solution of sodium hydroxides. Adsorbed ELECTRONIC CERAMICS BY AN IMPROVED FLASH DIFFUSIVITY
quantiti y of sodium ion was determined by various TECHNIQUE, R.C. Enck and R.D. Harris, BP Research, Cleveland,
methods, su;.h as atomic-absorption method. 0H44128.

From above experiments, obvious correlation The thermal conductivity of ceramic materials used for IC substrates
between degree of imide-ring-condensation and and packages has increased in importance as chip sizes have
adsorbed quantity of sodium ion was found in both decreased and heat loads have risen. AIN (room temperature (RT)
types of polyimide resin, thermal conductivity (k) greater than 200 W/m K) and BeO ((RT)-
These correlation cannot be explained only by a 260 W/m K) are the major candidates for applications demanding high
shmple adsorption or permeation, but should be conductivity. Conflicting reports of the temperature dependences of X
interpreted by chemi cal ion-exchange-reaction for these materials over the range of interest for packaging use (<

between sodium ion and remaining carboxyl-group of 2000 C) have been published, with some reports suggesting a
uncondensed polyamic acid. crossover in X. These reported differences may be due to the

reported problems in measuring % in AIN using the flash diffusivity
method. For the present experiments, we have used a new long

e6.1 wavelength laser flash dlffusivity system which has been shown to
ALUMINUM NITRIDE: A REVIEW OF THE KNOWLEDGE BASE determine thermal diffusivity to better than ± 3% for AIN with sampleFOR PHYSICAL PROPERTY DEVELOPMENT. G.R. Mille thicknesses ranging from 0.3 mrnm to 5 mm. No absorbing coatings are
The Carborundum Company, Phoenix, AZ. required and no correction factors are needed to fit the data to theory.

y AWe report % from room temperature to 2000 C for AIN from the

Aluminum nitride has generated a great amount of Carborur,1.im Company, a member of the BP Group, and a number of
interest in both the research and business other cum,,oerial sources, and for BeO and SIC. Over thiscommunities because of its high thermal temperature range, the thermal conductivities of AIN and BeO both

conductivity and relatively good electrical show linear dependences on inverse temperature. The slope of this
insulation properties. Its use in microelectronic dependence increases with RT thermal conductivity so that the ratio of
packages requires a detailed understanding of the BeO to AIN thermal conductivities is much smaller at 2000 C than at
raw material - process - property relationships so room temperature. No crossover In the thermal conductivities israw oobserved. Our results are supported by recent steady state heat flow
as to fit within the complex constraints demanded measurements which agree with our thermal conductivity values in
in packages. This paper presents a status report regions of overlap rather than wth previous literature values,
of the public knowledge base for developing the
requisite properties of aluminum nitride for
advanced electronic packages. Emphasis is given KE.4
the use of standard materials science,- social
state physics and physical chemistry tools in the STRUCTURE AND PROPERTIES OF C-AXIS ORIENTED AIN
development and understanding of microstructures, FILMS REACTIVELY DEPOSITED BY DC PLANAR MAGNETRON
thermal conductivities, electrical SPUTTERING. T. Takahashi, Toyama Univ.; F. Takeda.
characteristics, and mechanical properties of this Toyama Tech. College, Toyama, JAPAN; and M. Naoe,
-it:?rial. Additionally of some of the surface Tokyo Institute of Technology, Tokyo, JAPAN.
characteristics of this material as relates to the
aluminum nitride/metal interface are discussed. AIN films have passivation, insulating and high

thermal conductive properties. It is very impor-
tant to investigate effects of depositing condi-

K6.2 tions on the structure and the properties of AIN
film from the viewpoint of packaging design andTEMPERATURE DEPENDENCE OF THE THERMAL CONDUCTIVITY reliability. AIN films have been deposited by

COF ALUMINUM NITRIDE SUBSTRATES: MEASURING AND reactive DC planar magnetron sputtering at a low
MODELLING EFFECTS OF MICROSTRUCTURE AND IMPURITIES substrate temperature of 80"C. An Al disk and
Ralph B. Dinwiddie and David G. Onn, Applied Thermal either N2 or NH3 were used as a target and an
Physics Laboratory Department of Physics & ambient gas, respectively. In films deposited in
Astronomy, University of Delaware, Newark, DE 19716 N2 , the c-axis of AIN crystallites whose sizes

decreased from 450 to 300 A with increasing NzFor several years now aluminum nitride has been a pressure from 0.3 to 40 mTorr was perpendicular to
prime candidate material for thermal management the film plane. On the other hand, in NH3 , the
applications in advanced electronic packaging. The c-axis of crystallites whose sizes increased from
: thermal conductivity of pure single crystal AIN 150 to 200 A with increasing NHa pressure from 0.3
is not easily achieved in a sintered substrate
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to 40 aTorr was parallel to the film plane. The K6.7
surface and the cross-sectional microstructures Inversion Domain Boundaries and Oxygen
of AIN films deposited in N2 were significantly Accomodation in Aluminum Nitride RLAX Youngman and
different from that deposited in NH3 . The surface J.H. Harris, BP Research, Cleveland, OH; P.A. Labun and RJ. Graham,
of films deposited in NH3 was smoother than that Arizona State University, Tempe, AZ.
deposited in N2 . The transmittance of films depo-
sited in NH3 was superior to that in N2  in wave Aluminum nitride is known to have a large affinity for oxygen as an
length of 275-45Omo. The resistivity of films impurity. At high levels (>-4wto) the oxygen is incorporated in the form
deposited in N2  and in NH 3 were O"- 10 s n-cm. ofplanarstackingfaults where "pure"2HAINisregularlyinterspersedwith
Dielectric constants of films deposited in N2 and a layer of oxygen at the faults'. At oxygen levels lower than -4wt/o the
that in NH3 were 9.7 and 9, respectively, in the structureisthoughttoconsistof"pure"2HANinterspersedwitharandom
frequency range of 20 kHz to 20 MHz. The struc- distribution of such oxygen containing stacking faults2 . Liquid-phase
ture and the properties of AIN films deposited by sintering of aluminum nitride often produces a final microstructure
this method depended on a kind of ambient gas. containing a high density of inversion domain boundariCs 3(lDBs) and few

(if any) stacking faults.These boundaries are significantly aplanar
(indicating a low interface energy), and often have precipitates and other,

K6.5 faceted defects associated with them. We have investigated these defects
ON THE STRUCTURE OF PLANAR DEFECTS IN ALN. bothstructumllyandchemicallybyelectronopticalmethods(TEM, STEMK
Stuart McKrnan and C.Barry Carter, Department of Materials Science HREM, CBED. EDS, and EELS). The structural nature of the boundaries,
and Engineering, Cornell University, Ithaca, NY 14853 in the absence of oxygen, requires Al-Al and/or N-N bonds to occur with

some frequency across the boundary. Such bonding is unlikely due to the
Aluminum nitride is of great interest as a modern, electronic packaging excess energy required. Chemical analysis (EELS) reveals that oxygen is
material. The mechanical strength, high thermal conductivity and electrical often associated with the boundaries and may mediate the bonding at the
resistivity of AIN and the relatively small thermal expansion coefficient boundary. A model is proposed for the DB which includes structural
make this material extremely well suited as a semiconductor substrate aspects combined with considerations of stoichiometry in an effort to
material. It has the hexagonal, wurtzite structure rather than the cubic understand the origin and energetics of this defect.
structure more common in commercial semiconductors, and is also a polar
material.ln polycrystalline, sintered AIN material, several different planar K6.8
defects have previously been identified. Anti-phase boundaries (which THE LOAD DEPENDENCE 07 TI/Al 0 AND Ti/AIN INTERFACIAL
have the same configuration as basal twins) and stacking-faults have been CRACK PROPAGATION. Tao Liu, "2 chael R. Notis, and Y. T.
identified in this material. More complex "dome-like defects" have also Chou, Department of Materials Science & Engineering,
been reported. The association of oxygen impurities with these extended Lehigh University, Bethlehem, PA 18015.
defects has been proposed.

The Ti/A120, system is important in microelectronic
The "dore-like defects" have been observed to lie on the (0001) plane and application where Ti is used for thin film metallization
two (10i 1) planes; these are all polar planes in this structure. The bonding
across the planes that form these defects will be either all AI-Al bonds or all on polycrystlline Alo 0 (or single crystal sapphire)
N-N bonds. Convergent beam electron diffraction experiments have been substrates More re fory interest has also been shown
performed at the (1120) orientation on either side of the defect planes. By in the Ti/AIN system for applications requiring higher
comparing the intensity distribution in the CBED patterns with calculated thermal conductivity. Both of these systems are

diffraction patterns the absolute orientation of the AIN may be determined, chemically reactive with intermediate phases forming

Models for the different possible configurations of these interfaces will be at the interface. In this report, a Nikon Q14 high
presented, and the possibility of oxygen inclusion at these defects, for temperature microharduess tester is used to measure

example by forming an AI-O-AL layer at the interface, will be discussed, the fracture toughness, at elevated temperatures, of the
interface between a thin Ti film and the substrate. The
temperature effects on adhesion are now being studied.

K6.6 In addition, a nanoindentor is being employed to explore
PLANAR ANDCURED MIDEFECTS IN ALUMINUM NITRIDE: THEIR interfacial crack propagation between the Ti thin film
MICROSTRUCTURE AND MICROCHEISTR. Alistair D. Wesewood and the substrate materialg. Crack propagation at or
and Michael R. Nois, Departent of Manerials Science near the interface is investigated as a function ofEngineering, Whitaker Lab #5, Lehigh University, indentation load, and the mechanisms that trigger thisBethlehem, Ph 18015. crack propagation are proposed.

A microstructural and microchemical analysis of planar
and curved defects in aluminum nitride will be K6.9
discussed, highlighting the similarities and differences
between these two types of defects. The TBaICK FILM METALLIZATION OF ALUMINUM NITRIDE. M
crystallographic nature of these defects has been G eant Norton, Brian C. H. Steele. Depadment of Materials, Imperial
investigated using CTEI and CBED techniques, showing College of Science, Technology and Medicine, Prince Conso Road,
them both to be inversion boundaries. The rigid London, SW72BP, England.
body translation at the interface has been studiedin both defect types. A widely used technique to metallize substrates for electronic packaging

applications is thick film technology.The interaction between commercial

A microcheical analysis of the two defect types thick film materials and aluminum nitride (AIN) has been undertaken and
an in depth investigation of the glass/ ceramic reactions which occur in frit

reveals segregation of oxygen to die planar defect, but bonded films.The expetimental results have been correlated with
no segregation effects were seen at the curved defect. thermodynamic predictions of the reaction processes.The standard glasses

were found to react with the substrate causing blisteringfoaming orAnalysis of unsintered aluminum nitride powder, and dewetting.Following from these studies a model glass system was
the structural and chemical studies reported here have developed and reactions of this glass with AIN have been investigated
led to a proposed model for the formation of these two using scanning electron microscopical techniques and hot stage
types of defects. The effect of these defects on microscopy.Thick film inks have been developed using this glass system
thermal conductivity will also be discussed, which are compatible with MIN substrates
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K7. I Au and AuSn, major phases in as-deposited condition, turned to
ELECTROLESS METAL DEPOSITION - CHALLENGES & Au$Sn and AuSn as temperature increased, and formed Cu-Sn inter-
OPPORTUNITIES R. Jagannathan and M, Krishnan, metallics above the eutectic temperature. Diffusion of Cu into Au-Sn
Electrochemical Processes Group, IBM T.J.Watson Research Ccn- layer during the heating increased melting point. Dissolution of Cu
ter Yorktown Heighsl N.Y. 1059 in liquid Au-Sn as well as solid state diffusion turned binary Au-Sninto ternary Au-Sn-Cu and created Cu-Sn intermetallics. The effect

of heating rate on the melting temperature of the bilayer structure andApplications of clectroless deposition of metals in microelectronic the underlying reactions will be discussed.
industry have become increasingly attractive due to several impor-
tant considerations such as process simplicity and cost effectiveness. K7. 4
Many applications in advanced packaging technologies demand
more stringent requirements in terms of material compatibility, OIDATION IhETCS OF (Pblno) SINGLE-PHASE ALLOYS.
quality of metallurgy and process performance. This development Engineering, University of Wso sin-Madison, Madison, WI 53706,
has provided excellent opportunities for inventing new concepts and dV. C. Marcotte, IBM General Technology Division, East Fishkill
ideas in developing electroless processes that can meet the chal- Facility, Hopewell Junction, NY 12533
lenges. This presentation reviews the present state of the art in
electroless deposition of metals pertaining to high performance The solid state oxidation kinetics of Pb-In single-phase alloys was
packaging. An overview of the major challenges will also be dis- studied with AES (Auger Electron Spectroscopy) depth profiling
cussed. technique. The samples containing 3, 30 and 64 at% In were

oxidized in air from room temperature up to 275' C. At room
temperature, the oxidation for all the three compositions was found

K'7.2 to obey the logarithmic law. With increasing the temperature, the
CLECTROLESS PLATING OF COPPER INTERCONNECTIONS kinetics change from logarithmic to parabolic behavior. The
ON ION BEAM CATALYZED POLYIMIDE. T. Flottmann, transition for Pb-3 at% In alloys occurs between 150' C to 175, C,
A. Tulke, E. Esper, W. Lohmann, Akzo Research while the transition for Pb-30 at% In and Pb-64 at% In alloys occurs
Laboratories, 8753 Obernburg, Fed. Rep. Germany below 100"C.

Additive plating of interconnections on printed
wiring boards is gaining attention as fabri- K7.5
cation technology. It can be combined with PHASE STABILITY AND MECHANICAL BEHAVIOR OF
physical techniques, such as laser or ion beam TERNARY BISMUTH-LEAD-TIN SOLDERS. W. J. Whealon. D.
irradiation, to obtain fine-line conductor S. Stone, Y. A. Chang, Department of Materials Science and
patterns without employing conventional photo- Engineering, University of Wisconsin, Madison, WI 53706.
resist processes. A phase stability study of the Pb-Sn-Bi ternary system and

In this paper an ion beam resist method is pre- mechanical testing of the Pb-Sn-Bi eutectic alloy (52.5% Bi-32%
sented. Decompositon of a palladium compound by Pb-15.5% Sn) were done. A ternary phase (X) was found to form at
ion irradiation has been used to catalyze 103 * C by means of a Class III type reaction. The ternary eutectic
electroless plating on polyimide, composition consists of Sn, Bi, and X (% 54% Pb-42% Bi-4% Sn) in
First palladium-acetylacetonate or -acetate is equilibrium in a temperature range from its formation temperature
spin-coated on a polyimide substrate. The thin (96 C) to 78" C. At 78'C the X phase decomposes eutectoidally
resist film is then irradiated through a mask into Sn, Bi, and p with 0 being the peritectic phase seen in the Pb-Bi
with He or Ar ions at 100 KeV energy-o. After binary system. These transformations, and particularly the
washing off the film parts which werc not difference in composition of the equilibrium phases of the ternary
exposed to the ion beam, copper is deposited on eutectic at different temperatures, lead to marked changes in the
the catalyzed polyimide substrate in an alkaline mechanical properties of this electronic solder alloy on cooling.
electroless plating bath. When using alkaline Upon solidification, and before cooling, the solder behaves in a
resistant polyimide, several microns thick brittle manner, showing no ductility, with a cleavage-type
copper lines can be plated. relationship between the fracture surface and dentrites formed
The chemical surface composition of the Pd- during solidification. Holding the solder at above 78'C does not
compounds after ion beam exposure has been decrease the brittleness shown. After cooling to room temperature
investigated with EScA, It has been found that the solder behaves extremely ductily, possibly even superplastically.
metallic Pd can be formed with a high concen- Upon reheating to above 78'C the solder shows a subtle loss in
tration. Pd-acetate is more effective to form ductility although brittle fracture does not occur. It is concluded that
catalytic sites than Pd-acetylacetonate. the fragmentation of the dendritic solidification structure into fine

(1-5 um) equiaxed grains causes the dramatic changes in the
mechanical behavior of this solder. This fragmentation is caused by
the solid state decomposition of the X phase at 78" C into three

REAL-TIME INVESTIGATION OF SOLID AND LIQUID phases of very different compositions. This causes precipitation of
STATE REACTIONS IN AU-SN/CU SYSTEM. Seyong Oh. Igor very fine equiaxed grains which prevent an easy crack path.
Y. Khandros, IBM T.J. Watson Research Center, Yorktown Heights,
NY; and Janet L. Poetzinger. IBM GTD, Hopewell Junction, NY.

K7.6
Joining with eutectic Au-Sn alloy is of interest when solder hierarchy CONTACT REACTIONS AT THIN FILM ALUMINUM-TRANSITION
is involved. This study addresses kinetics of transformations in Au-Sn METAL INTERFACE!.: Bernd Schuhmacher & Uwe Kbster,
system, and liquid and solid state reactions with Cu. Department of Chemical Enqineering, University of

For that purpose, a real-time X-ray analysis technique has been de- Dortmund, D-4600 Dortmund 50, FR. Germany
veloped and employed for in-situ investigation of reactions in
Au-Sn/Cu system as a function of temperature. The specimens were Contact reactions at thin film Al/TM interfaces
mounted on the automated goniometers (or uncoupled scan and (TM = W, Cr, Co, Zr and Ta) have been studied Ly
heated with hot helium gas. Count rate vs. time at 28 corresponding means of cross sectional transmission electron
to major diffraction peaks was used for monitoring phase transfor- microscopy. In all cases the first phase formed at
mation. the interface was the most aluminum-rich compound

as given in the corresponding phase diagram: In
Typically, I pm eutectic Au-Sn films were deposited on 1.5 pm Cu the case of AI/W, Al/Cr as well as Al/Co contacts
layer% on Si wafers. Phase changes of Au-Sn films on Cu from room rather smooth, planar growth of Al1 2W, Al 7Cr and
temperature to above the eutectic point, then to room temperature Al 9Co 2 , respectively, has been observed; parabo-
have been investigated.

363



lic growth rates indicate a diffusion controlled distribution at a given time while the maximum hole size
reaction. On the other hand, Al/Zr and Al/Ta con- controls the lifetime of that particular line. The cummulative

tacts exhibit a rather irregular growth morphology failure of all the conductor lines shows a log-normal like

of Al Zr and Al 3 Ta, respectively, behavior and predicts the mean-time-to-failure and standard
deviation. Generally, the model is in good agreement with

In addition the precipitation behavior of rapidly experimental observations.
solidified supersaturated solid solutions upon
thermal annealing has been studied, in order to
get a better insight on preferred orientation K7.9
relationships between the aluminum matrix and the lneriffuionofCu/Co, Co/Au andCu/Co/AuThin FilmsP Madakon andJLiu.

aluminides as well as on the influence of defects, IBM Research Division. Thomas J. Watson Research Center. Yorktown Heights.

e.g. grain boundaries. NY 10598.

Based on the observed morphologies and orientation Thin films of Cu/Co. Co/Au and Cu/Co/Au were deposited on oxidized silicon
relationships as well as on the kinetics of the substrates by e-beam evaporation. They were annealed at temperatures ranging
reaction a model will be proposed for the differ- from 300 to 550*C in helium. Detailed analysis was carried out using four-point
ant modes of interracial reactionS, i.e. planar orirregular growth. probe resistance measurements and Rutherford backscattering spectroscopy(RBS).

No interdiffusion of Cu/Co or Cu/Co/Au was observed at <400*C but severe

K7.7 intermixing of Co/Au occurred. This was found to be associated with the grain

RESIDUAL SRESSES IN FI LAMMi -.EAPOATED A TMIN structure of the films. Larger grains result in low diffusion because they have fewer

FILMS ON SINGLE CRYSTAL SILICON VAFERS. Hai Woong grain boundaries which are favored diffusion paths for te atoms.
Park and Steae Dalnk, University of Illinois at
Chicago. Department of Civil Engineering. Mechanics,
and Metallurgy. P.O. Box 4348, MC: 246. Chicago,
Illinois 60680.

lesidual and thermal stresses have a substantial
inflance on the damage. fracture and lifetime of
electronic components. These stresses form during
processing of individual componenta or during the
operation of electronic devices. The detection and
elimination of residual stresses is therefore critical
to the reliability of electronic packaging.materials.
The present study was initiated to develop a non-
descructive interferometric technique (Shadow Moire)
to measure stresses at metal/ceramic and polyuer/ceramic
layered structures and chip-to-package interconnections.

The Shadow Moire technique has been applied to a
measurement of in-plane residual stresses of thin
aluminum film, vapor depositeJ on single crystal
silicon wafers. Stresses wore determined over large
spatial areas and varying geometries in order to model
the stress distributions and develop the technique so
that the stresses in complicated geometries could be
measured. For example, 780 nanometers chick vapor
deposited aluminum films incre.se the residual stresses
by 30%; theme stresses vary vwih position on the wafer
and may have significant effecr on the long-term operation
of devices.

K7.8

IELECTROMIGATION IN 'I'll N "IIMS OF Au ON (A_
1. F. Tan-. A. G. \ilnts, Dre, t. of Eltctri'al and ('omputer

Engineering. and C. L. Bauer. S. ',lahajan. l)ept, of Metallurgical
Engineering and Materials Sc, -ice, Carnegie Mellon Univ.
l'ittsburgh. PA 15213

Evolution of the fractional changt of electrical resistance IR/R o

in thin filhs of Au on (101) Ga\.s has been investigated as a
function of time t. temperature T, and current density j.
Initially !R/R o increases linearly with increasing t for constant

T and j, and exponentially with increasing T for constant t and
j. An analytical model based on formation of cylindrical
File/hillocks at grain boundary triple junctions due to atomic
fhix imbalance resulting from variations of grain boundary
indlinations defining triple junctions, and variations of grain
i,oundary diffusivities, is developed to quantitatively relate the
_iRR to the corresponding microstructure. Using a Monte

(arlo method, systems of a large number of conductor lines,
eaeh containing a certain number of triple junctions whose
indinations and orientations with respect to the current are
randomly distributed, are simulated. The distribution of atomic
!ihx divergence along each line determines ,sR/R and hole
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SESSION LI: FUNDAMENTALS/MODELING 10:45 L1.
Chairs: B. Gallois and F. Rosenberger 3-D MODELING OF FORCED FLOW, THERMAL GRADI-

Wednesday Morning, November 29 ENT CVI FOR CERAMI4C COMPOSITE FABRICATION,
Essex Northwest (W) T.L. Starr and A.W. Smith, Georgia Tech

Research Institute, Georgia Institute of
8:00 *LL.1 Technology, Atlanta, GA.

INTERESTS AND LIMITS OF THE THERMODYNAMIC
APPROACH FOR C.V.D. PROCESSES, C. Bernard, 11:00 L1.9
Laboratoire de Thermodynamique et Physico- CHEMICAL VAPOR INFILTRATION OF POROUS PRE-
Chimie Metallurgiques, Saint-Martin-d'Heres, FORMS: EVOLUTION OF DENSIFICATION, Herman
France; and R. Madar, Laboratoire des C.T. Cheng, E.I. duPont de Nemours & Co.,
Materiaux et du Genie Physique ENSPG, Saint- Inc., Department ETL, Wilmington, DE; Brian
Martin-d'Heres, France. Heble and Stanley Middleman, University of

California, San Diego, Chemical Engineering
8:30 * 2 Department, LaJolla, CA.

PREDICTING THE CHEMISTRY IN CVD SYSTEMS,
K.E. Spear, The Pennsylvania State Univer- 11:15 L1.10
sity, Ceramic Science and Engineering, ANALYTICAL SIMULATION OF AN IMPROVED CVI
University Park, PA. PROCESS FOR FORMING HIGHLY DENSIFIED CERAMIC

COMPOSITES, Nyan-Hwa Tai and Tsu-Wei Chou,
9:00 *Ll.3 University of Delaware, Center for Composite

MODELS OF CHEMICAL REACTIONS AND TRANSPORT Materials and Department of Mechanical En-
PROCESSES UNDERLYING CHEMICAL VAPOR DEPOSI- gineering, Newark, DE.
TION, Klavs F. Jensen, Massachusetts In-
stitute of Technology, Department of Chemi- 11:30 LI.1I
cal Engineering, Cambridge, MA; Dimitrios I. A MODEL FOR CHEMICAL VAPOR INFILTRATION OF
Fotiadis, Erik 0. Einset, and T.J. FIBROUS SUBSTRATES, Ra-esh R. Melkote,
Mountziaris, University of Minnesota, De- University of Minnesota, Department of
partment of Chemical Engineering and Mate- Chemical Engineering and Materials Science,
rials Science, Minneapolis, MN. Minneapolis, MN; and Klavs F. Jensen, Mas-

sachusetts Institute of Technology, Depart-
9:30 L1.4 ment of Chemical Engineering, Cambridge, MA.

GAS PHASE REACTIONS RELEVANT TO CHEMICAL
VAPOR DEPOSITION: NUMERICAL MODELING, D, 11:45 L1I.12
Burgess. Jr. and M.R. Zachariah, National MODELLING TRANSPORT, REACTION, AND PORE
Institute of Standards and Technology, STRUCTURE EVOLUTION DURING DENSIFICATION OF
Center for Chemical Technology, Gaithers- CELLULAR OR FIBROUS STRUCTURES, Stratis V.
burg, MD. Sotirchos and Manolis Tomadakis, University

of Rochester, Department of Chemical En-
9:45 L1.5 gineering, Rochester, NY.

A UNIFIED MODEL FOR CVD PROCESSES BASED ON
BOND GRAPH METHODS, S.R. Kalidindi, SESSION L2: DIAGNOSTICS
Massachusetts Institute of Technology, Chairs: E. A. Whittaker and L. C. Hammond
Department of Mechanical Engineering, Cam- Wednesday Afternoon, November 29
bridge, MA; and S.B. Desu, Virginia Poly- Essex Northwest (W)
technic Institute and State University,
Department of Materials Engineering, Blacks- 1:30 L2.1
burg, VA. SURFACE CHEMISTRY OF AlN PRECURSORS ON

SILICA, M.E. Bartram, T.A. Michalske, and
10:00 Ll.f J.W. Rogers Jr., Sandia National Labora-
CALCULATION OF TRANSPORT-SHIFTED CVD-PHASE tories, Albuquerque, NM.
DIAGRAMS, Joshua Collins and Daniel E.
Rosner, Yale University, Department of 1:45 L2.2
Chemical Engineering, New Haven, CT. SURFACE COMPOSITION BY RESONANT SUM FREQUEN-

CY GENERATION DURING CHEMICAL VAPOR DEPOSI-
10*15 BREAK TION, Karen L. Carleton and William J.

Marinelli, Physical Sciences, Inc., Andover,
10:30 Li.7 MA.
TRANSPORT PROPERTIES OF CVI PREFORMS AND
COMPOSITES, T.L. Starr, G.B. Freeman and 2:00 L12
T.C. Elston, Georgia Tech Research Institu- INTERACTION OF BORAZINE WITH A RE(0001)
te, Georgia Institute of Technology, Atlan- SURFACE, STUDIED BY LEED, TPD, AES, AND ELS,
ta, GA. J.-W. He and O.W. Goodman, Texas A&M Univer-

sity, Department of Chemistry, College
*Invited Paper Station, TX.
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2:15 L2.4 5:00 L2.13
EARLY GROWTH IN THE CHEMICAL VAPOR DEPOSI- SMALL SCALE FABRICATION AND CHARACTERIZATION
TION OF TiN, TiC AND SiC AND MONITORING BY OF CERAMIC MATERIALS, Jerry Czarnecki,
LASER SCATTERING, Max Klein and Bernard Edgardo Francisco, and David Thumim, Cahn
Gallois, Stevens Institute of Technology, Instruments, Carmenita, CA.
Department of Materials Science and Engi-
neering, Hoboken, NJ. SESSION L3: PROCESS-MICROSTRUCTURE

RELATIONSHIPS
2:30 L2.5 Chairs: W. J. Lackey and N. A. Scoville

LIGHT SCATTERING MEASUREMENTS OF CVD SILICON Thursday Morning, November 30
CARBIDE, B.W. Sheldon and T.M. Besmann, Oak Essex Northwest (W)
Ridge National Laboratory, Metals and Ceram-
ics Division, Oak Ridge, TN. 9:00 *L3.1

CORRELATION AMONG PROCESS ROUTES, MICRO-
2:45 L2.6 STRUCTURES AND PROPERTIES OF CHEMICALLY

IN SITU GROWTH MONITORING OF TUNGSTEN BY VAPOR DEPOSITED SILICON CARBIDE, Robert F.
REFLECTOMETRY, Albert Hasper, Jisk Holleman, Davis, North Carolina State University,
Jan Middelhoek, University of Twente, Department of Materials Science and En-
Department EL, Enschede, The Netherlands. gineering, Raleigh, NC.

3:00 BREAK 9:30 L3.2
MICROSTRUCTURAL CHARACTERIZATION OF MULTI-

3:30 L2.7 PHASE COATINGS PRODUCED BY CHEMICAL VAPOR
A NEW APPLICATION OF SPECTROSCOPIC EL- DEPOSITION, K.L. More, R.A. Lowden, T.M.
LIPSOMETER: A FAST, NON-DESTRUCTIVE TECH- Besmann, and R.D. James, Oak Ridge National
NIQUE FOR SURFACE RECOGNITION AND CLAS- Laboratory, Metals and Ceramics Division,
SIFICATION, J.L. Stehle, J.H. Lecat, J.P. Oak Ridge, TN.
Piel, SOPRA, Bois-Colombes, France; and L.C.
Hammond, ARIES/QEI, Concord, MA. 9:45 L3.3

CHEMICAL VAPOR DEPOSITION OF SILICON
3:45 L2.8 BORIDES, T. Goto, M. Mukaida, and T. Hirai,
INITIAL STAGES IN THE GROWTH OF OXIDE THIN Tohoku University, Institute for Materials
FILMS BY CVD, L.A. Tietz, S.R. Summerfelt, Research, Sendai, Japan.
G.R. English, and C.B. Carter, Cornell
University, Department of Materials Science 10:00 BREAK
and Engineering, Ithaca, NY.

10:30 L3.4
4:00 L2.9 CHARACTERIZATION OF SILICIDE FORMATION OF

MECHANISTIC STUDIES OF THE CHEMICAL VAPOR LPCVD-W BY MEANS OF RBS AND XRD, S-L. Zhang
DEPOSITION OF AlN FILMS USING ORGANOMETALLIC and R. Buchta, Swedish Institute of Micro-
PRECURSORS: [R2AlNH 2 ]3 , Carmela C. Amato, electronics, Kista, Sweden; and M. Ostling,
Leonard V. Interrante, and John B. Hudson, The Royal Institute of Technology-Electrum,
Rensselaer Polytechnic Institute, Depart- Solid State Electronics, Kista, Sweden.
ments of Chemistry and Materials Engineer-
ing, Troy, NY. 10:45 L3.5

MICROSTRUCTURE OF CVD - A1 20 3 , J.N.
4:15 T2.10 Lindstrom, C. Chatfield, and M.E. Sjostrand,

MECHANISTIC ASPECTS OF THE DEPOSITION OF AB Sandvik Coromant, Stockholm, Sweden.
THIN ALUMINA FILMS DEPOSITED BY MOCVD,
R.W.J. Morssinkhof, T. Fransen, M.M.D. 11:00 L3.6
Heusinkveld and P.J. Gellings, University of SELECTIVE CHEMICAL VAPOUR DEPOSITION OF
Twente, Enschede, The Netherlands. TUNGSTEN USING SiH 4 /WF6 CHEMISTRY, C.A. van

der Jeugd, G.J. Leusink, G.C.A.M. Janssen,
4:30 L2._11 S. Radelaar, Delft University of Technology,

GAS PHASE CHARACTERIZATION IN LP CVD Centre for Submicron Technology, The Nether-
PROCESSES BY A PERFORMANT RAMAN EQUIPMENT, lands.
R. Gaufres, P. Huguet, U.S.T.L., Montpel-
lier, France; D. Boya and J. Laffor&t, 11:15 L3.7
Comurhex, Pierrelatte, France. STUDY OF W 200 5 8 OXIDE PHASE OBSERVED IN CVD

W FILMS, M. Lawrence A. Dass, Siva Sivaram,
4:45 L2.12 and Bryan Tracy, Intel Corporation, Santa

GAS PHASE REACTIONS RELEVANT TO CHEMICAL Clara, CA.
VAPOR DEPOSITION: OPTICAL DIAGNOSTICS, D.
Burgess Jr., National Institute of Stan-
dards and Technology, Center for Chemical
Technology, Gaithersburg, MD.
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11:30 L3.8 3:45 L4.7
INVESTIGATION OF CVD P-SiC SURFACES PRODUCED EFFECTS OF DEPOSITION CONDITIONS ON THE
VIA A "NOVEL" SURFACE REPLICATION PROCESS, MICROSTRUCTURE AND PROPERTIES OF CVD SiC, E.
Aliki K. Collins, Joseph T. Keeley, Michael Minford, Robert E. Stevens, Vincent L.
A. Pickering and Raymond L. Taylor, Morton Magnotta, and Paul N. Dyer, Air Products and
Thiokol, Inc./CVD, Woburn, MA. Chemicals, Inc., Allentown, PA; Thomas

Watkins and David J. Green, Pennsylvania
11:45 L3.9 State University, University Park, PA.
INFLUENCE OF IMPURITIES AND MICROSTRUCTURE
ON THE RESISTIVITY OF LPCVD TITANIUM NITRIDE 4:00 L4.8
FILMS, M.J. Buiting and A.H. Reader, Philips INTERACTION OF TITANIUM WITH SiC COATED
Research Laboratories, Eindhoven, The BORON FIBERS, Lewis Hwan and Beng Jit Tan,
Netherlands. University of Connecticut, Department of

Chemistry, Storrs, CT; Francis S. Galasso,
SESSION L4: MICROSTRUCTURE-MECHANICAL United Technologies Research Center, East

PROPERTY RELATIONSHIPS Hartford, CT; and Steven L. Suib, University
Chairs: P. N. Dyer and F. S. Galasso of Connecticut, Departments of Chemistry and

Thursday Afternoon, November 30 Chemical Enginering, Storrs, CT.
Essex Northwest (W)

4:15 L4.9
1:30 *L4.1 OXIDATION RESISTANT COATINGS PRODUCED BY

DESIGN AND DEVELOPMENT OF CVD COATINGS, V.K. CHEMICAL VAPOR DEPOSITION: IRIDIUM AND
Sarin, Boston University, College of En- ALUMINUM NITRIDE/ALUMINA COATINGS, P. Netter
gineering, Boston, MA.

4:30 L4.10
2:00 L4.2 CHEMICAL VAPOUR DEPOSITION OF TITANIUM

INDENTATION ADHESION OF DIAMOND FILMS ON THE CARBIDE, K. Singh, A.K. Suri, D.K. Bose and
VARIOUS SUBSTRATES, Tyan-Ywan Yen, Cheng-Tzu C.K. Gupta, Bhabha Atomic Research Centre,
Kuo, National Chiao Tung University, In- Metallurgy Division, Bombay, India.
stitute of Mechanical Engineering, HsinChu,
Taiwan, China; and S.E. Hsu, Cheng Shan SESION L5: NOVEL/LARGE-SCALE TECHNOLOGIES
Institute of Science and Technology, Chairs: T. M. Besmann and D. Gaillard
Lungtan, Taiwan, China. Friday Morning, December 1

Essex Northwest (W)
2:15 L4.3

TUNGSTEN CARBIDE EROSION RESISTANT COATING 8:00 *L5.1
FOR AEROSPACE COMPONENTS, D. Garg and P.N. APPLICATION OF AI CONTROL TO THE VLS SiC
Dyer, Air Products and Chemicals, Inc., WHISKER PROCESS, P.D. Shalek and W.J.
Allentown, PA. Parkinson, Los Alamos National Laboratory,

Los Alamos, NM.
2:30 L4.4
(ABSTRACT WITHDRAWN) 8:30 L5.2

MORPHOLOGICAL EVOLUTION OF TITANIUM CARBIDE
2:45 BREAK WHISKERS, R. Mathur and Bernard Gallois,

Stevens Institute of Technology, Department
3:15 L4.5 of Materials Science and Engineering, Hobok-

INTERNAL STRESSES IN AMORPHOUS SiO 2 FILMS en, NJ.
DEPOSITED BY THE PYROLYSIS OF ORGANOMETALLIC
PRECURSORS AT LOW PRESSURES, S.B. Desu, 8:45 L5.3
Virginia Polytechnic Institute and State CHARACTERIZATION OF CERAMIC MATRIX COM-
University, Department of Materials POSITES FABRICATED BY CHEMICAL VAPOR IN-
Engineering, Blacksburg, VA. FILTRATION, D.P. Stinton, D.M. Hembree, Jr.,

K.L. More, and T.M. Besmann, Oak Ridge
3:30 L4.6 National Laboratory, Department of Metals

INFLUENCE OF SUBSTRATE AND PROCESS PARA- and Ceramics, Oak Ridge, TN.
METERS ON THE PROPERTIES OF CVD-SiC, A_.
Parretta, V. Adoncecchi, E. Cappelli, G. 9:00 L5.4
Giunta, and V. Vittori, Eniricerche S.p.A., THE EMERGENCE OF PLASMA ENHANCED CHEMICAL
Rome, Italy. VAPOR DEPOSITION (PECVD) AS A VIABLE IN-

DUSTRIAL COATING PROCESS, George Engle, GEC,
Inc., Phoenix, AZ; James W. Warren, Com-
posite Innovations Corporation, Woodland
Hills, CA.
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9:15 L5.5 SESSION L6: METAL-ORGANIC CHEMICAL
DEPOSITION AND CHARACTERIZATION OF SILICON VAPOR DEPOSITION
NITRIDE SINGLE CRYSTAL FILMS, Joseph B. Chairs: K. Gonsalves and D.P. Stinton
Milstein, Lian Li, Ye-Yung Teng and Anatoly Friday Afternoon, December 1
M. Altshuler, University of Lowell, Lowell, Essex Northwest (W)
MA.

1:30 *L6.1
9:30 L5.6 LOW TEMPERATURE MOCVD OF TRANSITION METAL
LASER CHEMICAL VAPOR DEPOSITION OF TiN CARBIDES, BORIDES AND OXIDES, G.S. Girolami.
FILMS, B. Chen, N. Biunno, R.K. Singh and
J. Narayan, North Carolina State University, 2:00 L6.2
Department of Materials Science and Enginee- METALORGANIC CHEMICAL VAPOR DEPOSITION OF
ring, Raleigh, NC. SILICON BASED CERAMICS USING METHYLSILAZANE,

Honghua Du, Bernard Gallois, and Kenneth
9:45 L5.7 Gonsalves, Stevens Institute of Techology,

LASER-INDUCED PHOTOCHEMICAL VAPOR DEPOSITION Hoboken, NJ.
OF TUNGSTEN, A.J.P. van Maaren and W.C.
Sinke, FOM-Institute for Atomic and Molecu- 2:15 L6.3
lar Physics, Amsterdam, The Netherlands. CHARACTERIZATION OF MOCVD GROWN EPITAXIAL

CERAMIC OXIDE THIN FILMS, J.C. Parker,
10:00 BREAK H.L.M. Chang, J.J. Xu, and D.J. Lam, Argonne

National Laboratory, Materials Science
10:30 L5.8 Division, Argonne, IL.
STRUCTURAL CONTROL OF MATERIALS SYNTHESIZED
BY LASER EVAPORATION AND RAPID CONDENSATION, 2:30 L6.4
Tongsan D. Xiao and Peter R. Strutt, Univer- PREPARATION, STRUCTURE AND PROPERTIES OF VOx
sity of Connecticut, Institute of Materials AND TiO 2 THIN FILMS BY MOCVD, H.L.M. Chang,
Science, Storrs, CT. J.C. Parker, J.J. Xu, and D.J. Lam, Argonne

National Laboratory, Materials Science
10:45 L5.9 Division, Argonne, IL.
REACTIVE CHEMICAL VAPOR DEPOSITION AS A
METHOD FOR COATING CARBON FIBER WITH CAR- 2:45 BREAK
BIDES, J. Bouix, C. Vincent, H. Vincent and
R. Favre, Universite de Lyon I, Laboratoire 3:15 L6.5
de Physicochimie Minerale, Villeurbanne, STRUCTURE, COMPOSITION, AND PROPERTIES OF
France. CVD ZrO 2  FILMS OBTAINED FROM ZIRCONIUM

ACETYLACETONATES, S.B. Desu, and T. Shi,
11:00 L5.0 Virginia Polytechnic Institute and State
THIN FILM OF YTTRIA STABILIZED ZIRCONIA BY University, Department of Materials
MODIFIED CVD, F. Cellier. Engineering, Blacksburg, VA.

11:15 L5. 3:30 L6.6
SOLUTION PRECURSOR - LOW PRESSURE CHEMICAL TITANIUM NITRIDE THIN FILMS: PROPERTIES AND
VAPOR DEPOSITION OF TITANIUM OXIDE FILMS, APCVD SYNTHESIS USING ORGANOMETALLIC PRECUR-
Jiong Ping Lu, Jenqdaw Wang, and Rishi Raj, SORS, Renaud M. Fix, Roy G. Gordon, and
Cornell University, Department of Materials David M. Hoffman, Harvard University, De-
Science and Engineering, Ithaca, NY. partment of Chemistry, Cambridge, MA.

11:30 L5.12 3:45 L6.7
AMORPHOUS INSULATING NbO FILMS BY REACTIVE CHEMICAL VAPOR DEPOSITION OF NIOBIUM CARBIDE
EVAPORATION, B.X. Liu, Tsinghua University, USING A NOVEL ORGANOMETALLIC PRECURSOR, P.D.
Center of Condensed Matter and Radiation S and A.R. Barron, Harvard University,
Physics, CCAST (World Lab.), Beijing and Department of Chemistry, Cambridge, MA.
Department of Materials Science and
Engineering, Beijing, China; J.R. Ding, X. 4:00 L6.

Zhou and J.N. Bai, Tsinghua University, LOW TEMPERATURE ORGANOMETALLIC CHEMICAL
Department of Materials Science and VAPOR DEPOSITION (OMCVD) OF RHODIUM AND
Engineering, Beijing, China. IRIDIUM THIN FILMS, D.C. Smith, C.J. Burns,

and A.P. Sattelberger, Los Alamos National
11:45 L5.13 Laboratory, Inorganic and Structural Chemis-
A LOW TEMPERATURE CVD PROCESS FOR TiN COAT- try Group, Los Alamos, NM; S.G. Pattillo,
ING, A. Agero, D. Little and P. Lowden, D.W. Carroll, and J.R. Laia, Los Alamos
Liburdi Engineering Ltd., Hamilton, Canada. National Laboratory, Material Science and

Technology Division, Los Alamos, NM.
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4:15 L6.9
ORGANOMETALLIC CHEMICAL VAPOR DEPOSITION OF
STRONTIUM TITANATE THIN FILMS, WFe,
Northwestern University, Department of
Materials Science and Engineering, Evanston,
IL; L.M. Tonge, Northwestern University,
Department of Chemistry and Materials Re-
search Center, Evanston, IL; B.W. Wessels,
Northwestern University, Department of
Materials Science and Engineering, Evanston,
IL; and T.J. Marks, Northwestern University,
Department of Chemistry and Materials Res-
earch Center, Evanston, IL.

4:30 L6.10
HIGHLY RESOLVED GRADIENT PATTERNS IN GLASS
BY MEANS OF CHEMICAL VAPOR DEPOSITION, Harry
D. Gafney, Edgar Mendoza, Eugene Wolkow,
Queens College of CUNY, Department of Chemi-
stry, Flushing, NY; and Peter Wong, Queens-
borough Community College, Department of
Chemistry, Bayside, NY.

4:45 L6.11
SMALL ANGLE X-RAY SCATTERING (SAXS) FROM
METAL IMPREGNATED POROUS VYCOR GLASS, D
Surnil, Queens College, Department of Phys-
ics, Flushing, NY; J. Sokolov, Queens Col-
lege, Department of Physics, Flushing, NY,
and DAS, BNL, Upton, NY; M.H. Rafailovich,
E. Mendoza, E. Wolkow, H.D. Gafney, Queens
College, Department of Physics, Flushing,
NY; G. Long, NIST; P. Jemian, Northwestern
University; and A. Hansen, Brookhaven Na-
tional Laboratory.
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Li1.1 materials processing. The extension of the modelling approach to CVD

Interests and limits of the thermodynamic approach for systems for ceramics is discussed.

C.V.D. processes. C. Bernard and R. Madar5 , Laboratoire
de Thermodynamique et Physico-Chimie M~tallurgiques LI.4
ENSEEG, BP 75, 38402-Saint-Martin-d'H~res Cedex, France GAS PHASE REACTIONS RELEVANT TO CHEMICAL VAPOR
t Laboratoire des Mattriaux et du Genie Physique ENSPG, DEPOSITION: NUMERICAL MODELING. D. Burzess. Jr. and
BP 46, 38402-Saint-Martin-d'Hres Cedex, France M.R. Zachariah. National Institute of Standards and

Technology, Gaithersburg, MD 20899.

The principles of the thermodynamic analysis which can be
done ab initio in order to help the selection : Numerical modeling of gas phase chemical kinetics was

- the material to be deposited for a well defined applica- used to suggest appropriate experimental conditions and

tion, to interpret species concentrations measurements in the

- the nature of reactants, systems: SiH, - Si and SiH, + NH3 - SiN , . The modeling

- the experimental parameters range of the experimental used kinetic information largely compiled by Coltrin et
parameters, al. The effects of temperature, pressure, and con-

will be developed and illustraded by some examples. centrations on kinetic pathways and reactive inter-
mediates were investigated. A comparison was made

The main problems linked to the data selection will be between gas phase chemistry at low temperatures (700-
emphasized : assessments, availability of coherent data, 1000K), at higher temperatures (1200-1800K), and due to
sensitiveness of the results to the data accuracy... laser-initiated photofragmentation. niese processes are

relevant, respectively, to silicon/silicon-nitride

Finally, the validity of a thermodynamic approach nerfor- chemical vapor deposition (CVD), to flame-driven gas

mec at equilibrium in view to optimize a dynamic non phase silicon-based particle nucleation, and to laser-

equilibrium process will be discussed. induced processes for materials fabrication.

For silane decomposition at lower temperatures, the
LI.2 Si 2 H. isomers were found to be important intermediates,

PREDICTING THE CHEMISTRY IN CVD SYSTEMS. while at higher temperatures Si 2 H2 and Si were active

Karl E. Sspcar. Ceramic Science and Engineering, The Pennsylvania species. The presence of relatively small amounts of
State Universityv P PA 02 hydrogen (H2 ) at lower temperatures has the effect of

SUniv ersty Park. 16902 slowing net decomposition rates of products such as

Tailoring the chemical and physical nature of CVD deposits for specific Si3t8  and reducing the transient concentrations of

applications requires understanding and controlling the chemical intermediates such as Si2 H, . At higher temperatures,

processes occurring in a reactor. This implies an understanding of the trch larger mt concentrations are necessery to reduce
combined equilibrium, kinetic, and transport processes. The processes tra nes scga Si . o lae-iiiae
occurring produce composition gradients in the reactor which can cause processes (e.g. SiHl * hi - SiN2 + H2), it was found

variations in the deposition chemistry. Examples will be given to that increasing fragmentaion leads to kinetic processes

illustrate predictions of limits on the chemical behavior of CVD systems similar to those found at higher temperatures. The

by using partial equilibrium concepts. A comparison of these limits utility of employing this modeling approach to the

with experimental observations can be used to hypotheses deposition silicon-nitride system is currently being investigated.

mechanisms. Derived physical and mathematical models of the
mechanisms provide the critical tool for manipulating and controlling the L 1.5
chemical and physical nature of CVD deposits. A UNIFIED MODEL FOR CVD PROCESSES BASED ON BOND

GRAPH METHODS. S.R.Kalidindi. Department of Mechanical

Li.3 Engineering, Massachusetts Institute of Technology, Cambridge, MA;
MODELS OF CHEMICAL REACTIONS AND TRANSPORT and S.B.Desu, Department of Materials Engineering, Virginia

PROCESSES UNDERLYING CHEMICAL VAPOR DEPOSITION. Polytechnic Institute and State University, Blacksburg, VA.

Klavs F_ Jensen. Department of Chemical Engineering. Massachusetts
Institute of Technology. Cambridge, MA 02139, Dimitnos I. Fotiadis, The CVD processes are highly complicated involving several
Erik n Einset, and T.J. Mountziaris, Department of Chemical phenomena, but only few of them are required in describing a given
Eninepois, Mnd 5 s SCVD process. However, in most cases the relative dominance of these
Minneapolis, MN 55455. phenomena are not known apriori. Therefore the modeling of a

specific CVD process (whose kinetics are not known) involves a
laborious process of repeated guesses at the dominant phenomena

Detailed physicochemical models of chemical vapor deposition (CVD) supplemented by good numerica techniques. Most often for different
processes are presented. Finite element computations based on two- an guesses, different formulations of the numerical technique are
three-dimensional transport-reaction descriptions are used to elucidate required, which involves considerable effort.
flow effects in horizontal and vertical CVD reactors operating at
atmospheric and low pressures. The development of buoyancy driven A unified approach to model the general CVD process using the
flows caused by large temperature gradients is described. These flows are versatility and flexdbility of bond graph method will be presented.
superimposed on the main flow and the resulting complex mixed Development of some of the important bond graph elements to
convection flows adversely affect film thickness and composition represent convection, diffusion, migration, homogeneous reaction, and
uniformity. The existence of transverse and longitudinal rolls in heterogeneous reaction will be shown. The use of the elements will be
horizontal reactors is predicted in agreement with experimental illustrated through a few simple examples ranging from diffusion only
observations. For vertical pedestal reactors the computations demonstrate i gas phase arid surface
that wall effects, susceptor heating and buoyancy driven recirculations reactions. It will also be shown that a single bi d graph program
lead to reduced and nonuniform growth rates as well as the development with changes in input can handle all these different cases with. littleof three-dimensional non-axisymmetric flow fields. Inadto o time and effort.
buoyancy driven flows due to thermal gradients, buoyancy driven flows
caused by concentration gradients are also demonstrated. This effect will
be important in systems with a heavy species in a light carrier gas.

The thermophoretic transport of tracer particles used for flow visualization
or particle contaminants generated in the processes is also considered.
The thermophoretic effect confounds smoke test visualizations, but it has
the advantage of reducing particle contamination in the growing film.
The combination of transport models with detailed chemical mechanisms
is described and illustrated with examples primarily relevant to electronic
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LI.6 elanent. By 'marching' through time, a complete simulation
CALCULATION OF TRANSPORT-SHIFTED CVD-PHASE of the densification process is obtained.

DIAGRAMS. Joshua Collins and Daniel E. Rosner The model is demonstrated for a FCVI system with

High Temperature Reaction Engineering Laboratory cylindrical symmetry and compared to experimental results
Deparment of Chermical Engineering, Yale University obtained at the Oak Ridge National Laboratory. The model

NeI Haven, CT 06520-2159 Y.S., U.S.A. successfully predicts the effects of variation in process
conditions and in infiltration hardware configurations.

A non-iterative method is presented for the construction of so-called
"CVD-phase diagrams", including the systematic effects of segregation of L1.9
chemical elements across the non-isothermal vapor diffusion boundary CHEMICAL VAPOR INFILTRATION OF POROUS PREFORMS:
layer. Element segregation is shown to induce important shifts in the EVOLUTION OF DENSIFICATION. Herman C.T. Cheng. E.I. du
equilibrium deposit phases predicted from the actual local gas composition Pont de Nemours & Co., Wilmington, DE; and Brian Heble and Stalex
at the deposition surface, as opposed to the element ratios corresponding to Middman. University of California, San Diego, La Jola. CA.
the input ("feed") gas composition, as is commonly done. Both
multicomponent Fick and Soret diffusion are assumed to act across a Composite materials can be prepared starting with a porous textile'chemically frozen' mass transfer boundary layer, with local preform upon which chemical vapor deposition occurs. Infiltration of
thermochemical equilibrium imposed only at the deposition surface (i.e. a the porosity by the precursor gases permits solid film growth within the'cold'-wall reactor with a 'hot' substrate). As a specific example, this preform. Resistance to diffusion within the porous structure limits the
model is applied to the deposition of titanum boride from TiCI4 (g) and rate of densification, and has the potential to severely affect the
BCl3gi in H2tg) onto fibers for ceramic composite material applications. A uniformity of densification throughout the evolving solid structure.
flo%% -reactor geometry of partcular interest is a long cylindrical vessel with
a resistively heated coaxial fiber for the deposition substrate, however, the Using a simple model of the geometry of a densifying structure we have
method presented here is general in that both the chemical system and CVD- developed a method of simulating the rate and spatial uniformity of
reactor geometry can be changed ,o an- other system of interest provided densification of the evolving structure. Two example simulations are
adequate themochemica! and thermophvsical data are available, and the presented in answer to two questions we have raised:
deposition rate is vapor transport controlled with estimable cc vective How can an initially nonuniform preform be selected that will evolve

r..,n mass- and heat-tranyfer coefficients. toward a uniformly densified structure?
How does the variance of an initially nonuniform preform evolve in
time.

Ll .7
TRANSPORT PRt T:ES OF CV': PR-FORWS AND CallOSITES, T. L.
Start, G. B. Freerar. and T. C. Elston, Georgia Institute of L1. i0
Technology, Atlanta, CA. 30332 ANALYTICAL SIMULATION OF AN IMPROVED CVI PROCESS

FOR FORMING HIGHLY DENSIFIED CERAMIC COMPOSIIES.
Chemica! vapor infiltration (CVI) is an effective and Nvan-Hwa Tai and Tsu-Wei Chou, Center for Composite Materials &

versatile technique for fabrication of ceramic mtrix Department of Mechanical Engineering. University of Delaware, Newark,
caporites. The transport properties - gas permeability, DE, 19716
tnertr1 conductivity and effective diffusivity - of tne
prefo.r, and partially densified comnposite ontrol the Among the various chemical routes for forming ceramic composites, the
uniformity of the infiltration process. These properties, chemical vapor infiltration (CVI) technique is attractive because of its
in tvrr, are controlled by the material microstructure. We relatively low process temperature. The properties of the ceramic
have developed a simple model, based on the physical composites which are formed by the CVI process, are strongly influenced
microstructure, that predicts the anisotropic transport by the fabrication parameters. These parameters include the temperature
properties of cloth lay-up oiposites. boundary conditions, concentration of the vapor species, pressure

An anisotropic mterial is moideled as a layer structure adjustment during processing, fiber diameter, fiber content, and the spatial
arrangement of fibers in the preform. In the present work. Darcy's law

consisting of two, or more, isotropic crponents. Compsite has been adopted to simulate the flow field in the fibrous preform:
transport coefficients perpendicular and parallel to the furthermore, the temperature and density distributions within the fibrous
layers are given by "series" and "parallel' carbining laws preform during processing are also investigated. A 3-D unit cell has been
involving the isotropic coefficients of these component used for simulating the fiber arrangement in the preform. The
materials and their volu'me fractions. These component advancement of the solidified front from high tempe, aure region to low
material properties are cetenined using ticrostructural temperature region has been determined. Highl densified ceramic
L.f-7 tatior. and fundamental material properties. composites can be fabricated by the CVI process through the adjustment

of temperature boundary conditions and concentrations of the vapor
mode1 calculations a e compared tc experimental species. The flow field and solidified front growth after preform

measurements for theral , Aductivity and gas permeability. reorientation will also be reported.
s' ri;ors for effective dif fusivity are presented.

.. of this model into an finite element process
model is outlined. Li .11

A MODEL FOR CHEMICAL VAPOR INFILTRATION OF FIBROUS
SUBSTRATES. Raiesh R. Milkute. Department of Chemical

3- D . M[X. N OF FOR= F-LO, -2 L GRADINT CVI FOR Engineering and Materials Science. University of Minnesota.
CERAMC .'I"E FABRICATION, '. L. Star and A. W. Smth, Minneapolis, MN 55455. and Klavs F. Jensen, Department of ChemicalInstitute of TecAnology, Atlanta, .30332 Engineenng, Mas.,achusetts institute of Technology. Camhridge, MAGeorgia i02139.

Forced flow, thermal gradient CVI (FCVI) hasoeronstrated excellent potential for fabrication of highstrength, high toughness ceramic composites. Extension of Chemical vapor infiltration (CVI) is growing in importance as a viable
t.rength, roes tougaressnd crc sapesis. fite y means of producing fiber-reinforced composites. but the process is far

use of a csster rgel to optlnze process conditions by from completely understood. A model is presented here for the CV] ofhare f oare for rapid, uniform infiltration, random short-fiber substrates which includes, for the first time, thecalculation of internal void formation responsible for undesirable
A 3-D model has been developed using a "finite volume" "residual porosity" in the final composite. The gas-phase precursor

formula! ion. A steacy-state solution for heat conduction contin.uity equation is solvect along with the equations for local fiber
and Darcy's law permeation produces temperature and gas flow growth due to solids deposition over an isotropic fully penetrable
distribitions within the fiber preform. These are used to cylinders (FPCI medium representing the actual preform. The transportgenerated atrix deosition rates within each vuse and accessibility characteristics of the FPC model are evaluated by
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Monte Carlo simulation, and the geometric properties are calculated L2. 2
using derived analytical expressions. SURFACE COMPOSITION BY RESONANT SUN FREQUENCY GENERATION

DURING CHEMICAL VAPOR DEPOSITION. Karen L. Carleton andResults will be presented for internal deposition profiles as well as less- Villia,, J. Marinelli, Physical Sciences Inc., Andover,
readily available quantities such as surface area as a function of process
variables such as temperature, pressure, and initial porosity. The MA 01810
percolation threshold of the FPC structure is shown to imply an upper
densification limit which is less than the theoretical maximum. The Second harmonic generation (SHG) and sum frequency genera-
relationship between substrate density increase and open porosity during tion (SFG) are used to probe the initial stages of growth
infiltration, which to date has been empirically fit, is predicted here from of metal films on silicon (100) surfaces. The metal is
first principles. Under isothermal conditions, diffusion limitations deposited by thermal decomposition of organoetallic
result in gradients in matrix deposit density, with preferential deposition species such as trimethylaluminum. These nonlinear

, i -. ...tr sutface, especially at high temperatures. This necessitates optical probes of the aluminum overlayer may be resonantly
periodic machining to open pathways to the interior. Imposition of an enhanced by tuning the probe laser in resonance with
adverse thermal gradient across the slab will be shown to circumvent aluminu atomic transi tions. This yields chemically
this primary disadvantage of the isothermal technique by allowing better specific detection of the surface composition. The SFG
control of intrasubstrate deposition rates. method will be correlated with Auger measurements of the

deposited overlayer under URV conditions. However, theb technique is also applicable under actual CVD growthLi .12 conditions.
.- t --ENC :,c RANSI'CRT, REAUTIoN. ;,',D I'ORE STRUCTURE EVO-LUTION
"V.R .NG DENSIFICATION OF CELLULAR OR FIBROUS STRUCTURES,

I., "- " S' i-'-s and Manolis Tomadakis., Department of L2.3

era :geerng niversity of Rochester, Rochester, NY INTERACTION OF BORAZINE WITH A RE(OOOl) SURFACE, STUDIED BY
LEED, TPD, AES AND ELS. J.-W. He and D. W, Goodman,
Department of Chemistry, Texas A&M University, College
Station, Texas 77843.

mode describi:.g mass transport, heat
''a spo'- r .ct:o: and pore s'ructure evolution in porous The interaction of borazine (N3B3H6) with a Re(0001) surface
:r'.ua of irit'.a::v fibrous or cellular structure are has been studied by low energy electron diffraction (LEED),

r.'e T Iels are used to theoretically investigate thermal desorption spectroscopy (TDS), Auger electron
iel 5,a.

.
r of the densification process during ;pectroscopy (AES) and electron energy loss spectroscopy

. Cf refractory ceramics by chemical vapor (ELS). Two - D patterns have been observed following
.. .... tra on of fibrous or cellular preforms. Monte Carlo borazine adsor, ion and annealing. One is the 2x2 structure,

tmu:ation methods are employed to determine the variation assigned to arise from atomic nitrogen. The other is the
f he local average, structural properties of the porous 34x214 pattern and is related to boron. The appearance of the
structure tporosity. internal surface area, accessible two patterns indicates that borazine dissociates below 570K.
7orosit. accessible internal surface area, etc.) and of the With a high exposure (>6L) of borazine and a subsequent
effective diffus.ivirv in the porous medium with the local annealing, only the well formed 3 x214 pattern is observed.
extent of densification. Assemblages of spherical cavities Completion of this boron structure depends on both the
overlapping with populations of cylindrical capillaries are surface boron coverage and the annealing temperature.
used to model the structure of cellular preforms. The Thermal desorption spectra show three states for borazine (a,inforMation obtained from the above computations is then 8 and 2) and three states for hydrogen (a, 01, 02). The a
,sed in a acroscopic reaction and diffusion model to state in the borazine desorption spectrum is due to

fredic . . fcation and closed porosity profiles in desorption of multilayers of borazine. The e state hydrogen
the sunotrate. The results of our mathematical models are is shown to correspond primarily to decomposition of
:ompared with experimental data reported in the literature borazine. Two desorption states of nitrogen at T>1300K are
for SiC'SiC composites manufac ured by densifying preforms ll-o observed and correspond to the decomposition of
r.f siicon carbide fibers. On the basis of our simulation borazine. AE data show that borazine decomposes to boron
results, optimal reaction temperature, temperature gradient, nitride when irradiated with a 2keV e-beam. Chemisorbed
and pressure histories are proposed for reducing the borazine, on the other hand, without e-beam irradiation,
trocessing time needed for obtaining "uniformly" densified dissociates into atomic nitrogen and boron upon annealing to

T>450K. ELS results corroborate the LEED. TDS, and AES data
that borazine adsorbs on Re(OOO) non-dissociatively at 115K

L2.1 and dissociates into N and B upon annealing to -600K.

SURFACE ClIEMISTRY OF AIN PRECURSORS ON SILICA. M.
Brtram, T.A. Michalske, and J.W. Rogers, Jr., Sandia National L2.4

EARLY GROWTH IN THE CHEMICAL VAPOR DEPOSITION OFLaboratores. Albuquerque. NM 87185. TIN, TiC AND SIC AND MONITORING BY LASER SCATTER-
FTIR. TPD, and XPS ha,,e been used to study the nucleation and ING. taJlin, and Bernard Gallois, Department

of Materials Science and Engineering, Stevens
decomposition of AIN precursors on the surface of silica. NH 3 reacts Institute of Technology, Hoboken, NJ.
selectively with the aluminum alkyl surface complex produced by The early growth of TiN, TiC and SiC Coatings by
tnmethylaluminum (TMA) chemisorption to form a new product on the CVD on var ious substrates has been studied to
surface that is stable in high vacuum at 300 K. The vibrational spectrum gain an understanding of the development of

growth morpholoqies. While continued growth of
of this species is similar to that of the TMA:NH 3 adduct known in the these coatings generally results in columnar
condensed phase and may be consistent with the formation of an grains, such morphologies do not necessarily

originate at the substrate/coating interface.analogous structure that is bonded to the surface via an Al-O-Si linkage. Rather, deposition begins on the substrate at a
Formation of this surface adduct alters the chemistry of the ..Ainum low rate, often as fine grains, and can continue

to deposit for a short time before the onset of.ikyl component and leads to -NH 2-cross-linking between the aluminum co 1 umnar grain growth, which continues at a

centers by 550 K. This surface chemistry will be compared to that of the higher rate.

analogous systems. NH 3 + triethylalumnum and triisobutylaluminum on A laser scatter ing technique has been developed
silica. as a tool for characterizing the early growths
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through their surface roughness. This non-contact J P Piel, SOPRA, 26/68 rue Pierre Joigneaux, 92270method is being used as an in-situ diagnostic by Bois-Colombes, FRANCE. L C Hammond, ARIES/QEI, SA1
detecting changes in the growing deposit surface. Damonmill Square, Concord MA 01742, USA.
For the earliest growths, a set of surface
statistics, including rms roughness and lateral Spectroscopic ellipsometry (SE) has been used for
spacing of features, can be calculated, accurate measurement of thickness and refractive

indices, N and K, over the spectral range 1.3 to
5.3 eV. By drawing curves of N and K againstL2.5 wavelength, it is possible to recognize the nature

LICGT SCATTERING MEASUREMENTS OF CVD SILICON CARBIDE. of a surface as a unique 'fingerprint'.
it W. Sheldon and T. M. Besmann, Metals and Ceramics
bivision, Oak Ridf; National Laboratory, Oak Ridge, TN Material surfaces will have a characteristic fin-37831. gerprint in the complex plane of the refractive

index. Families of materials such as metals,
semiconductors, dielectrics, polymers, silicides,

Surface morphologies created by the chemical vapor etc. have different characteristics.
depostion of silicon carbide were examined with light
-cattering. Silicon carbide was deposited from The spectrum can be measured rapidly by an instru-
methyltrichlorosilane under various conditions, and for ment such as the MOSS (Multilayer Opticalvarious lengths of time to create different surfaces. A Spectrometric Scanner) from SOPRA; in less than I
IleNe laser source was used, and the scattered light was second for a multichannel model.
measured over a range of scattering angles. Thesemeasurements are compared to SEM observations and Subsequent data analysis will allow the calcula-
profilometer measurements of the same surfaces. In theory, tion ,f (1) N and K of a substrate, (2) N and
the scattered light contains all of the information needed thicki ess, T, (3) N and K of a layer where the
to provide a statistical description of a given surface, thickr !ss is known. Refractive index values for
iowever, a complete vector theory for the scattering each e iergy step are plotted in the N and K plane
phenomena is too complex to provide any simple basis for and are compared with 'families' of curves of in-
experimental analysis. The application and limits of dices of other materials to determine its nature.
existing r' -, :ions of scattering from a rough surface
:,re discussed. The possible future use of light scattering
for in-situ CVD measurements is also discussed. L2 .8

INITIAL STAGES IN THE GROWTH OF OXIDE THIN FILMS BY

L2.6 CVD . L.A. Tietz, S.R. Summerfelt, G.R. English, and C.B. Carter,
IN SITU GROWTH MONITORING OF TUNGSTEN BY REFLECTOMETRY Department of Materials Science and Engineering, Cornell University,
Albert Hasper. jisk Holeman Jan Middelhoek University of Twente, Ihaca. NY 14853.
Enschede, The Netherlands.

Reflectometry has already been proven to be a valuable tool for A technique has been developed for studying the early stages of the hetero-
measuring deposition and etch rates of (semi)transparent layers e g epitactic nucleation and growth of oxide thin films by transmission electron
S102 on Si. It has also been demonstrated that etch rates of mono Si microscopy (TEM). Chemical vapor deposition (CVD) has been used to
can be measured by using a grating as a mask

grow hematite (ot-Fe2 0 3) on self-supporting, ion-thinned, sapphire TEM
In the Tungsten case which has a high extinction coefficient 3 foils. Prior to deposition, the foils were given a special cleaning and
applications of reflectometry will be presented: annealing treatment to produce "clean", well-defined, stepped surfaces.

I End point detection of Tungsten growth via Si reduction. Observations of a-Fe20 3 grown on four different orientations of sapphire
The reflection versus time curve for a Si wafer with or without a -- (0001), [1102), I1010), and (1120) -- using bright-field imaging and
native oxide shows strong differences due to the retarding by the selected-area diffraction (SAD) are discussed in this paper.
native oxide of the reduction process.

2 In situ Tungsten surface roughness measurement for the H2 and Sill4 The cx-Fe 2 0 3 grew in an island-growth mode on all four substrate
reduction case. orientations. (x-Fe 2 0 3 and cx-A120 3 have the same corundum-type
Tne surface roughness.o is given by structure with a 5.5% lattice misfit. Analysis of moire fringes and SADC 12X 1 1I~gR /R)2;

a.0 2 log)Ro/R) patterns showed hetero-epitactic growth on each type of substrate, butCOST
Surface roughness from 5 to 100 nm can be measured in situ. The effect different, distinctive, island morphologies. The island morphology, on the
of renucleation can be studied two prismatic surfaces of sapphire indicated a strong preference for growth

3.In situ selective growth rate measurement by using an Sid2 grating parallel to (0001) under our growth conditions. On (0001) substrates. all
as a mask. of the islands were associated with surface steps indicating preferential
%. -....:,ten is grown selectively on a substrate masked by an Sid2 nucleation at these sites. Pronounced facetting of the islands parallel to
grating the 0-order reflechicn versus time shows a sinusoidal wave low-index planes was observed. In contrast, a-Fe 20 3 grown on the
given by (1 i021 surface of alumina exhibited a more irregular morphology and

R =.14 +r expo2y) 2 distorted moire fringe patterns.
R r + y 2 exp(i2#1 3

From this the growth rate can be calculated.

L2.7

A NEW APPLICATION OF SPECTROSCOPIC ELLIPSOMETER: A
FAST, NON-DESTRUCTIVE TECHNIQUE FOR SURFACE RECOG-
NITION AND CLASSIFICATION. J L Stehle, J__& ,
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L2.9 CVD mechanism, will be discussed in terms of collisional
MECIIANISTIC SrUDIFS OF THE CHEMICAL VAPOR DEPOSITION OF 'rff-tI and relaxation.
A1N FILMS USING O' GANOMETALLIC PRECURSORS: IR2AINH 2 ]3.
Carmela C. Amato, Leonard V. Interrante, and John B. Hudson, L2.12
Departments of Chemistry and Materials Engineering, GAS PHASE REACTIONS RELEVANT TO CHEMICAL VAPOR
Rensselaer Polytechnic Institute, Troy, NY 12180-3590. DEPOSITION: OPTICAL DIAGNOSTICS. D. Burgess. Jr.

National Institute of Standards and Technology,The gas phase and surface chemistries of a series of Gaithersburg, MD 20899.organometallic precursors to AIN, i.e. IR2AlNH2 13,
(where R is methyl, ethyl, iso-butyl, or tert-butyl), are Optical emission and laser-induced fluorescence (LIF)
currently under investigation. The volatile precursor, have been used to study thermal- and laser-driven
[IPe2AINH 2J3 , deposits AIN films on silicon substrates chemical processes in the gas phase pertaining to the
at temperatures varying from 400'-800'C in a low pressure systems: SiH 4 - Si and SiH. + NH3 - Si3N4 . These
(ca. 80-100 mtorr) chemical vapor deposition system. The processes are important to silicon/silicon-nitride
gaseous products are analyzed by GC-FTIR. The mechanistics chemical vapor deposition (CVD), to flame-driven gas
and kinetics of this OMCVD process are studied using a phase silicon-based particle nucleation, and to laser-
molecular beam UHV system. Detection of the reaction induced processes for materials fabrication.
products is performed by mass spectrometry.

UV laser (193 Tm) photolysis was used to generate

L2. 10 reactive SiH. and NH, species. Emission from NH (A-X)
near 338 nm was by far the most intense. In addition,MECHANISTIC ASPECTS OF THE DEPOSITION OF THIN more complex emission from vibrational bands of the NH2

ALUMINA FILMS DEPOSITED BY MOCVD. (7-7) transition in the region 600-800 rm was observed.
R.W.J. Morssinkhof, T. Fransen, M.MD. Heusinkveld and P.J. Gellings. A number of bands (v;=4-9) in the progression
University of Twente, P.O. Box 217, 7500 AE Enschede, The Nether- (0,v',O)-.(0,0,0) were found with those transitions
lands. orginating in v,=4-6 being much more intense. Narrow

band emission with well defined heads (suggesting
Thin alumina films were deposited on stainless steel by Metal Organic diatomic) from Si-containing species was recorded at
Chemical Vapor Deposition, using Aluminum-ri-sopropoxide as 375/381, 387, and 418/430/437 rm. These were
reactant. The aim of this research was to prepare the alumina films, anJ tentatively identified as hot bands (v'=2,3) of the SiH
to optimize the process parameters for obtaining the best coatings with (A-X) system, although many SI 2 (H-X) transitions are
respect to the protective properties in oxygen and sulphur containing also known in the 390-430 rim region. The kinetics of a
atmospheres. For this optimization, the reaction mechanism of the number of important reactions: NH, + SiH , SiH + SiH,
decomposition of AT1 and deposition of A120 3 have been studied by ;. siH2 + Sill2 are currently being investigated using a
thermogravimetry, differential scanning calorimetry and mass photrtysis/LIF pump/probe experiment under low
spectrormetry. concentration/pressure conditions (0.01-1 torr). These

experimental results are being used in conjuction with
The experiments indicate that the optimum reaction conditions involve an ongoing chemical kinetics modeling program.
two steps: the decomposition of ATI to AI(OH) followed by diffusion
to and reaction at the substrate surface. Above 235 °C amorphous AI203
films are formed. The deposition experiments show that the reaction in L2.13
the gas phase is an important factor. It determines the homogeneity of Ay;,i.::.i...............'" A<!E '7" :;A' D' N
the deposition rate along the reactor, and the quality of the coating. Due :jF CE AM C MA -IA 1-e 1 A 17: n.S ': ,
to lack of a gas phase reaction below 300 =C, the order of the surface Edqa rdo : , - , L a'. Th' :m Cao,. I nsl ru-
reaction could be determined and appeared to be 2. Also the activation Ments, j' mi . -r : a, -re: on, CA qr7
energy was determined, and was found to be 15 kJ/mol. This low value
is in contradiction with the observed homogeneous coating, indicative of , at, t 1:0 of c-! am i c and cors,,S : o ma t er F I s
reaction limited growth. -nvojve!s many .ar iablos, so o n timlat :on of

the process requres many tests Using very
The conclusion is that the reaction mechanism may be explained by expens:ve equipment and sqnifican- amounts
Langmuir type adsorption followed by the reaction of two adsorbed of coSt ly precursors. Expe I Qnme Ct S W n
spectes at the surface. environment-controlled vacuum furnaces are

lacking very important kind of irformatior.,

L2.11 tnat is in most cases there is no continuous
monitoring of the kinetics of the deposition

SP'S LHAPACTEPIZATIO 1N LF CvD PROCE[S EY A PERFOP- process.MAN'Z ,AMAN EOU1PMENT. R. Gaufres and P. Huguet, U.S.T.L., A high-capacity, high-temperature
34063 MON!TPELLIER CEDET1Ta-nce). D. Boya and J. Lafforet, thermobalance , equipped with a cont rol ler of
.omurhex, BP 29, 26701 PIEPRELATTE CEDEX (France,. gas and vapor composition and pressure

has been applied for monitoring of a high-Soontaneous Raman scattering my be used as a technique for temperature metal-ceramic composite material.
the characterization of gas phase in LP CVD processes, pro- CVD process of subsequent deposition of
vide that the performances of the equipment are somewhat tungsten, tungsten carbide (interlayer) and
improved, in comparison with common desiqns. It thus appears A1 20 3 (coating) has been monitored
a, a lower cost and simpler technique than CAPS. gravimetrical y.

In the second stage of the experiment the sameA reactor, which reproduces the industrial conditions of W thermobalance has been used for characteriza-
depOsition from WFE and H2 , is put into the cavity of an ton of the oxidation rate of the product
argon laser. The spectra are recorded with a multichannel obtained, allowing fast prediction of the
spectrometer, equipped of an intensified detection. Spectra service life as function of the CVD process
of satisfactory S/N ratio are obtained with pressures down used to fabricate that part.
to I mbar and temperatures up to 1000 K.

Temperature and composition may be measured as a function
of the distance from the substrate. It has been found that,
at a pressure of 40 mbar of pure hydrogen, the rotational
temperature of the gas is higher, by about 100 K, than the
temperature of the substrate, at a distance of about 3 rmm.
This phenomenon, very important in the interpretation of

376



L3 .1 SiB 6 increased with increasing temperature from

CORRELATION AMONG PROCESS ROUTES, MICROSTRUC- 200wV/deg (at 400K) to 300uV/deg (at 900K).
TURES AND PROPERTIES OF CHEMICALLY VAPOR The measurements of Hall mobilities suggest that
DEPOSITEDSILICON CARBIDE. RoberF. Davis. NorthCarolina the conduction mechanism of the SiB 6 is hopping.

State University, Box 7907, Raleigh, NC

Chemically vapor deposited silicon carbide is simultaneously a strong, L3.4
oxidation resistant, diffusion limiting coating and composite matrix and CHARACTERIZATION OF SILICIDE FORMATION OF LPCVD-W BY MEANS
a wide bandgap semiconductor for high-temperature, -power, OF RBS AND XRD. S.-L. Zhang and R. Buchta, Swedish
-frequency and radiation hard applications. The former is produced, Institute of kcroelectronics, 164 21 Kista, Sweden; M.
usually from trimethyldichlorosilane carried in H2. It normally Ostling, The Royal Institute of Technology-Electrum, Solid
possesses a highly faulted, columnar microstructure containing a State Electronics, 164 28 Kista, Sweden.
random mixture of the cubic beta (3c) and hexagonal or rhomahedral
alpha (of which 6H is dominant) polytypes. Deformation of this The WSiZ formation has been studied by means of RBS and

material at high temperatures (1848 -2023K) and stresses (110 -220 XRD techniques. The sil!cide was formed by annealing 200
MN/m

2 ) occurs by dislocation glide controlled by the Peiers stress. By nm to 750 nm thick LPCVD-W films deposited on 1.5 - 4.0

contrast, high purity, low defect density, single crystal films of pure fcm p-type <100>-Si substrates. Deposition temperatures
betaor 6H-SiCcan begrown onmoncrysllineSi(100) or SiC(000) were 300 -350 *C. The thickness of the formed WSi2 was
substrates. Doping, oxidation and device fabrication procedures have observed to increase parabolically with the annealing
been developed which have resulted in power and light emitting diodes tre. This agrees with the behavior, found in tfle Ii terat-
as well as field effect transistors. Various process routes will be ure for sputter deposited W films.
discussed and accompanied by the results of various analytical and The crystal structures of the grown WS12 and the remaining
physical propenyresu s .W films were studied by XRD.The structure is strongly

dependent on the thermal history of the samples. The as-

L3.2 deposited W films become more oriented to the <100> direc-
MICROSTRUCTURAL CHARACTERIZATION OF MULTIPHASE tion with increasing film thickness. When a 200 or 750 nm

thick W film sample was annealed at temperatures from 700
COATINGS PRODUCED BY CHEMICAL VAPOR DEPOSITION. to SOO"C the remaining W films became more oriented to the

K.L. More, R.A. Lowden, TA. Besmann, and R.D. James, Metals <Coo> direction with decreasing W film thickness. The
and Ceramics Division, P.O. Box 2008, Oak Ridge National preferred orientation of the grown WSi2 films was also
Laboratory, Oak Ridge, TN 37831-6064. found to vary with the silicidation conditions. This Indi-

cates that the simple method of comparing the W diffracti-
on peaks of the remaining W film after heat treatment to a

Chemical vapor deposition (CVD) has been utilized to produce reference sample will unavoidably introduce large errors.
multiphase coatings of various compositions within a given system Therefore, compensation of the orientation change of the w
using several processing conditions. The coating systems to be and '-'Si2 films during heat treatment is required if XRD is

discussed include Si-Mo-C, Si-Cr-C, and Si-T-C. Thermodynamic erployed to study the kinetics of the WSI2 formation.

calculations have been made for a variety of experimental
conditions within each system. Scanning electron microscopy, L3.5
transmission and analytical eleclron microscopy, and x-ray MICROSTCrIM OF CYD - Al o . J.l. I !dlt' .- , C. rh3 , :d

dffraction techniques have been used to thoroughly characterize M.. s. strd, AF. SAAD;if' C ,MA'I, h, 4JI'h,, S-6 12 STI'1iHtL., SwdIer

the microstructures and to oelermine compositions of the coatings
as a function of CVD processing conditions. Chemical Vapor lDep(,sition of alumina on cevnted carbideo -uttr tol!. has

been industrial praxis for nore than If, yars and the wear prop, rt )es of

Al 0
3 

as weil as of TIC and TIN have been discussed extensiv l in theL3. 3 23
!iterature. ilowe vor, little has been mentioned about the kinetics, sta ilitv

Cr IMCAL vAPOR DEPOSITION OF SILICON BORI DES. and microstructure of the different aluri'ia phases and how the formation of

GOTO, M. MIKAIDA AND T. HIthAI, INSTIIuTE FOR tlese phases depends on the deposition process. Alumina crnstallizes In
MATERIALS RESEARCH, TOHOKU UNIVERSITY, JAPAN. several different phases. The 4(-structure (Corundum) is thte stable phase at

tvpical deposition temperatures 1950-1O50 C). The metastable V-phase is the
Slicon D o r 1de5 a re a c a n d id a t e f o r hi g h - second most commonly occurring alumina modification in CVII-AI 3 . Other

templerature thermoelectric materials because of infrequently occurring types are6, Y'and.

their 'uper1or oxidation resistance and high
SF'beck coefficients. Many k inds of si 1 1con Alsumina is usually deposited on cemented carbide pre-coated with TIC. The
Dor ides such Si B4. Si66 and S Bd14 are known, conditions during the early nucleation stage determine whether thek- or the

h ow e v e r t h e i r in t r i n s 1 c t h e r m o e I e c t r i c i-phase or a mixture thereof is going to grow. Thermodynamic calculations

Croperties have not been wel understood. In show e.g. that the presence of small aMounts oIf H20 in HI has a drastic

tne tresent work, high-purity and high-density effect. At about 30 ppm H0 car oxidize the TIC surface Into Ti 0 which

SiB 4  and SiB 6  thick plates were prepared by favors the 4(-phase to grow. A second source of oxidation is CO
2 

In the
C h e m i c a 1 v a p o r d e p o s i t i o n , a n d t h e i r process gas. Mo.st likely CO, adsorbes and decomposes on the TiC surface
thermoelectric properties were measured, before the surface is covered with Al O and protected. The latter oxidation

Is enhanced by the presence of Co. Cotait, In small amounts originating from

I e s I l i c o n b o r i d e s ( S B4 a n d S E 6 ) w e r e the cemented carbide substrate, is usually unevenly distributed over the TiC
prepared using SiCl 4 , 8,86 and H 2  on graphite surface. This results in enhanced local oxidation and, consequently,Q -Al.0

substrates. The depos 1 ion temperature ranged is going to grow at certain locations in the form of "spots".

from 1323 to 1773K, total gas pressure from 4 to
4OkPa. and the B to Si molar ratio in the source Th,' -phase exhibits a mo10e coarse-grained srructure and has a higher

gases from 0.2 to 2.8. density than the i -phase. 9-phase nucleates on a "pure" TIC surface with

good lattice matching. An interesting observation is that I -phase may

i c ,li conditions to prepare the monol i thic transform inte( -phase during the subsequent growth ci the coating. However,

S1B 4  and Si B were shown . T he I a t t i ce the microstructue of this transformed0 -phase differs from thedt -phase

parameters and ensities were in agreement with that was nucleated directly on the TiC (Ti 3 0 surface; it is fine-grained

!iterature values. The composition of the CVD- and shows almost the same morphology as the -AI,'C'.

SB6 was stoichiometric, but that of the CVD-
SiB 4  varied depending on CVD conditions. The
Seebeck coefficient of the CVD-SiB 4 was nearly
constant (about 1OOuV/deg), but that of the CVD-
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L3 .6 developed a model to describe what happens in
SELECTIVE CHEMICAL VAPOUR DEPOSITION OF TUNGSTEN terms of reactions and microstructure during the
USING SIH 4/WF 6 CHEMISTRY C.A. van der Jeugd, G.J. Leusink, replication process.
G.C.A.M. Janssen, S. Radel-ar. Centre for Submicron Technology, Delft
University of Technology, P.O.box 5046, 2600 GA Delft, The L4. 1
Netherlands. DESIGN AND DEVELOPME OF CVD COATINGS. V.K.

Sarin, College of Engineering, Boston University,
Results obtained on selective CVD of tungsten using the SiH 4/WF 6  BoSton, MA.
chemistry are presented. We investigated the deposited films by room
temperature resistivity measurements, Electron Probe Micro Analysis The efficacy and economic benefits
(EPMA), Auger spectroscopy, Rutherford Back Scattering (RBS) and by accompanying the application of CVD coatings,
measuring the resistivity of the layers between 10 K and 330 K. especially in tribological applications, is well
It was found that the room temperature resistivity depends strongly on the established. In spite of their tremendous
deposition temperature. At deposition temperatures below 475 PC the commercial success, a basic understanding of
resistivity is higher than the resistivity obtained with the H2 process. The structue/property relationships, and adhesive
room temperature resistivity increases from 10 pfl.cm at 475 PC to - 50 characteristics, are still incomplete. This
tf2.cm at 325 OC for a SiH-IWF6=0.6 ratio. This resistivity increase is, information limitation has been an impediment to

according to the EPMA analysis, due to the incorporation of Si (from 0.5 systematic design of new and improved coatings.
at% at 475 OC to 3 at% at 325 OC) The RBS data showed the layers to be However, since these coatings (typically 5-10,.-)
compact with the Si incorporated throughout the whole layer with, do not necessarily exhibit bulk material prop-
according to the Auger _ialysis, an increase in Si concentration at the ertLes, maszurement of both mechanical properties
surface. Finally the low temperature resistivity measurements of the Sil4 and adhesion in itself present a major technical
reduced W films showed an anomalous temperature dependence. The films challenge. This has resulted in a two-fold
deposited at deposition temperatures between 325 PC and 475 OC at a problem, mainly develomtteat of unique techniques
SiH&WF 6--0.6 ratio showed an unexpected increase in resistivity when the to characterize both properties and performance,
temperature decreases below - 250 K. The magnitude of this resistivity step before any substantive structure/property
increases with decreasing deposition temperature i.e. increasing Si content, correlations can be established.

Coating design, structure/property relationships
and characterization techniques will be reviewed

L3.7 and discussed.
STUDY OF W 001 OXIDE PHASE OBSERVED IN CVD W
FILMS. M. lawrence A. Dass. Siva Sivaram and Bryan L4.2
Tracy, 3065 Bowers Avenue. Intel Corporation, Santa Clara. INDENTATION ADHESION OF DIAMOND FILMIS (IN TIlE
CA 95051 VARIOUS SUBSTRATES. Tyan-Ywan Yen,

Cheng-Tzu Kuo, National Chiao Tung University,

Chemical vapor deposited tungsten (CVD W) films are Institute of Mechanical Engineering, llsinChu,
extensively used in VLSI devices as metallizations due to their Taiwan, R.O.C. ; and S. E. llsu, Cheng Shan
attractive properties such as excellent step coverage and low Institute of Science and Technology, Lungtan,
resistivity. Reduction of tungsten hexaflouride can be Taiwan 32526, R.O.C.
accomplished using either hydrogen or silane. Transmission
electron microscopy has been used to characterize the The microwave plasma-assisted chemical vapor
microstructures of both hydrogen and silane reduced CVD W deposition was used to deposit diamond films to
films. Electron diffraction results show the presence of extra investigate the mechanisms of indentation
rings. Eien n a dition rfu menls whhe cresn oetro adhesion on the various substrates. Indentation
rings in addition to fundamental rings which correspond to was conducted by employing Rockwell bralematrix W. The spacings of these rings correspond to W20055  indenter. The critical loads for crack
oxide phase. Dark field imaging of the extra ring shows that initiation and propagation of the films under
the oxide phase is present as particles. The oxide phase different deposition conditions were determined.
particles are uniformly distributed within the film. The average SEM, AES, XRD and Raman spectrometer were used to
particle size of the oxide particle is about 75 A, and is found characterize the surfaces before and after the
to vary with thickness of W films. Oxygen profiles obtained substrate pretreatments and diamond deposition;
from Secondary Ion Mass Spectrometry have shown the and to correlate with the adhesion measurements.
presence of oxygen which is consistent with the microstructural
observations. Both microstructural and structural The adhesion of diamond films to the substrates
characteristics of the tungsten and the oxide phases and their was found to be significantly depending upon the
correlation with the physical properties are presented. substrate material and its pretreatments, and the

deposition conditions. The possible adhesion
L3.8 mechanisms would be discussed.

:NVESTIGATION OF CVO s-SiC SURFACES PRODUCED VIA
A "NOVEL" SURFACE REPLICATION PROCESS. L4.3
A.iki K. Collins. Joseph T. Keeley, Michael A. I , i~ taR~i{ t 9 . , i', ' :''; 10( iti.,&I
Picxering, and Raymond L. Taylor, Morton Thiokol, :.P:' ,' - " .. ' I" :- I ? r , T . ,

Inc./CVD, Woburn, MA. 01801 -i. ,a s . I p., . 7'C1 C ,i , , ., d. h'I.' .. ,. F tt.-

A novel replication process for Silicon Carbide An i nrf,-lcIn o  pr'hhm r Ar y th 411 ,(",P,'P i r ',tI,y t thP
surfaces was developed in our Research Center. A er-,sive wear of engine ccmfnr.nent:. Varius IVL, oep -itel
polished polycrystalline Chemical Vapor Deposited protection coatigs havi tfen imed pe03usl y to co0'at ttts
e-Sic surface was reproduced by a two step wear problem. but with limitcd su~cess. Thrs pdp i presents
pretreatment process followed by CVD of Sic. results obtaired with a luw temperature CV) c'epo;ited. ero,i(nr

In this paper we describe the process and present dloys used In the aerospace industry. 1he low temperature of
characterization data of both the substrate and deposition eliminates the problem of degiadaton of mechanical
the replica surfaces. The characterization data pr,pertivt that r u'trs with rtrmAl hlgh we1mprattre (Vn
include XRD, Auger, ESCA, Raman, and reflectivity processes. High cycle fatigue strength and other mechanical
spectra both in the infrared and the ultra violet property data are presented for coated stainless steel, as well
region. Based on the characterization results we e erosion eitstant data tor both mild and harsh cro-tve

environments.
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L4.4ABSTACT ITHDAWNlack of* apprecldtion of these factors has led to coating
spallation or cracking and iesuiting fallwif] SIvIV

L4 . 5 he results of recent experiments to determine the tensile and
INTEILNAL STRE SSES IN AMORtPHOUS SiO2 I"1,NS .---' .....* .. -*'- -- fcr .- iA

DE~~~~oSI'rED ~ ~ ~ ~ ~ o gYTl YOYI FOIGNM''L] ~ raphite subslr~itpt i rheuiir -ij,,, 11ejusilio,, will beDEPOITE BYTHE YROYSI OFORGAOMEALLC analy~od with. ratpart to the effects of these propertiet nnPRECURSORS AT LOW PRESSURE-S. S.ll.IDsu, Department Of residual stresses.
M\aterials Engineering, Virginia Polytechnic institute arid state
University, Blacksburg, VA.

L4. .8

Amorphous SiO 2 films were deposited by the low pressure pyrolysis of Intes Heti DO tais vTahL Srci S.te GaaBor
organomecalic precursors such as diacetoxydi-t-butoxy silane at and Stevion L. Suib ' 1. Det. of Cheuistry, U-60,
temperatures of 4000C to 5000C. Filmns were deposited on both single Vnivn~sity of (bimecticut, Stor, C? 06269-3060.
crystal silicon and fused quartz substrates. Film stress at room 2. United Technologies Research Center, Eat Hartford, CT'
temperature after cooling from deposition temperature, as well as 06108. 3. Dept. of Chems. En., U-60, Uivearsity of
stress as a function of anneal temperature were measured using the 0onnecticut, Storrs, CT 06269-3060.
curvature method.

silicon carbide (sic) coated boron fier have been
As deposited films were under significant tensile stress of the order of ieniedded in titaniume by hot pressing and have been coated
400 MIPa. The film stress at roo)m temperature following deposition, vith titanis using a chemical vapor deposition. Bloom
increases as the depos ition teniperature decreases arid deposition tmerature tensile strength measuriments have shown that
pressure increases. Dopaiirs like B203 and P?Os, at smnall silicon carbide coated boron (sICAO) fibers coated with
concentrations, significantly, decreased the intrinsic stress of as titainium axe sta~ble after tharmal tr-eaegmnts at 10o0c
deposited films. Stress reduction was also achieved by post deposition for 24 hours. These coated fibers have 1ee 1 stdied with
anneallinig. The silica filmn stress is correlated to the structure of the X-ray powdr diffraction, teinsile strength leauriints,
film, more specifically to the Si-0-Si angle distribution. thermal studies, X-ray photoelectron spectroscopy and

scanning Auger microscopy. Depth profiles of the coated
hiterrel'.: .i . film stress, deposition conditions, post fibers have been used to study the interaction of 'titanium
deposition treatments, and film structure will be discussed. with the SiXno fibers. Scanning Auger mimrosoy studies

'hwe shown thiat the SlICRO fibers have a carbon rich
surface as campared to another more well known silicon

L4 .6 carbide coated boron fiber (DORSIC). A caiarison of these
INFLUENCE OF SUBSTRATE AND PROCESS PARAMETERS ON THE two types of fibers will be made and factors responsible
PROPERTIES OF CVD-SiC. A. Parrett&, V. Adoncecchi, for the significantly higher tensile strengths after
E. Cappelli, G. Giunta and V. Vittori, Eniricerchebetnini- dmwhteSIAOferwlle
S.p.A., via E.Ramarini 32, 00015 Nonterotondo (Roma) heinginsed.~iu ihteS Ofbr ilb

The microstructure and mechanical properties
(adhesion. hardness) of beta-SiC coatings, prepared
in a cold wall reactor starting from two different L4.9
CVD processes, were studied by examining different
substrates and deposition process conditions. OXIDATION RESISTANT COATINGS PRODUCED BY CHF24ICAL

VAPOR DEPOSITION :IRIDIUM AND ALUMINIUM NITRIDE
Hard (3500 Hdxi, fine grained beta-SiC x.oatings, with / ALUMINA COATINGS P NETTERR and Ph. CAMEROS,
a good oxidation resistance at 1273 1, were deposited Vapometallurgy Division, CONURHEX, BP 29, 26701
onto graphite substrates at relatively high deposition PIERRELATTE Cedex (FRANCE)
temperatures (1473-1673 K) using SiCl4,C3H8,H2 gas
mixtures.

The thermal decomposition of methyltrichlorosilane Oxidation resistant coatings of iridium on
(MTS) in hydrogen and argon allowed the production of graphite, carbon/carbon or molybdenum and of
beta-SiC coatings onto a variety of substrate aluminium nitride/alumina on graphite and
materials in the temperature range L173L1373 K. carbon/carbon have been produced by low pressure
The growth mechanisms of Sic deposited from NT5/H2/ALr CVD from halide starting compounds (IrF. and
system onto graphite and polycrystalline aif a-SiC AlCl) 3. The resulting deposits are adherent, nonsubstrates were studied. At low (- 40 kPa) and
atmospheric pressures, the growth kinetics are porous and have proved impervious to oxygen in
surface limited. Also, a strong dependence of the subsequent heating to 20000 C in air for more
microstructure and crystallographic orietntation on than 30 minutes (no evidence of deterioration).
the deposition parameters was observed.

These coatings materials are promising for
Hard metals (WC/col were successfully coated with effective protection against oxidation for rocket
beta-Sic using the NTS/H2/Ar system. Problem of engines, gas turbines, thermal protection system
c.hemical compatibility and thermal expansion mismatch tiles of space shuttle or against corrosion in
between the substrates and the beta-SiC coating were
minimized by the deposition of intermediate layers. the glass industry (iridium).

The adhesion of the coatings was evaluated using
mechanical "scratch test" measurements. Schematicr of the CVD processes are described as

well as analysis and characterization technics
used in order to determine layers structures and

1.4.1''-.',, compositions (optical microscopy, SEM. XI'S and
- - ... ~' rESCA, SAM and SIMIS). Results of oxidation tests

tPCCL$ ;.~'.~ ,~ ~ 2 I'L~t *t~~ - pcLt(,rmed by induction heating in air are also
01- cvt t Md9Ig!tta, arl iPa-sI N~ r0y~i . Air iid~' i given

I, ,Al lante..' PA Anei rhomAs iiti, in m ohIn' .1

na t: .. ),,yI -a, lo n,,',)Ia r Lo 0 0 ei51t .U , r .,d Ui , PA.l

s r..y t(, tn i,rrpxn'fn 1 ilI i At I (n f'ft ( I ((NbT roat Itgs 4,
-.1-4a-,io 4"f the iI~tefdr*,n ~,f thet,o.anlcal

- - ~t' 4 0 0 th. I -, + i - -- .. . * t In., C+ ' . + . I ... I I . *he.
@I ertS of processing conditions on the adhesion arnd on the
residual Stress State in both the Coating and the substretia. A
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L4.10 L5 .2

!iIF'Il(AL. \ I\IOtR )EPOSITION OF TITANIUM CARBIDE, MORPHOLOGICAL EVOLUTION OF TITANIUM CARBIDE

E. Singh,A.K. Suni, D.K. Buse and C.K. Gupta, WHISKERS. R. Mathur, and Bernard Gallois,
Department of Materials Science and

'talluj'gy Division, Bhabha Atomic Research Engineering, Stevens Institute of Technology,

Centre, Trombay, Bombay 400 085. Hoboken, NJ.

Th Ls paper deals with a process for chemical The early growth of titanium carbide whiskers

vapour deposition of titanium carbide using from a mixture of TiCI-CH.-H2 was investigated,

titanium tetraiodide as a titanium source, using fine nickel particles as the catalytic
agent in a hot-wall CVD reactor. This study
confirms that whisker growth is initiated by the

In the process investigated titanium tetraiodide VLS growth mechanism in the temperature range of

as synthesized in-situ by passing vapours of 1273-1423 K, well below the Ti-Ni-C ternary

iodine over heated titanium and the iodide is eutectics as reported in the literature. The

transported to other interconnected reactor initial growth proceeds by diffusion of the
constituent species through a Ni-Ti liquid

h.here it reacts with hydrogen and hydrocarbon droplet and is characterized by a rapid increase

hearing gas to form titanium carbide on heated in length at near constant diameter. A gradual

stainless steel substrates. This process coarsening of features is observed at latter

offers an advantage of carrying out reaction stages. The whiskers exhibit extensive branching

tnder lower temperature conditions as compared and kinking and a <100> primary growth direction.

to the conventionally used titanium chloride as

h,. titanium bearing source. L5.3

CHARACTERIZATION OF CERAMIC MATRIX COMPOSITES FABRICATED BY

The paper reports on the influence of various CHEMICAL VAPOR INFILTRATION.* D. P. Stinton, D. M.

parameters on the carbide deposition process and Hembree, Jr., K. L. More, and T. M. Besmann, Oak Ridge

establishes the optimum conditions. The paper National Laboratory, Oak Ridge, TN.

also incorporates characterisation studies Composites consisting of silicon carbide (SIC) matrices
,-arried out by various physico-mechanical tests. reinforced with continuous-Nicalon fibers are being

developed for many high-temperature structural

applications. An attractive process for fabricating these

L5.1 fiber-reinforced composites is chemical vapor infiltration

:' .TN OF A: CONTROL TO THE VLS SiC WHISKER PROCESS. (CVI), because it is one of only a few processes capable of

Snalek inc W . Parkinson, Los Alamos National incorporating continuous ceramic fibers ir. a ceramic matrix

c o,'atory, Los Ala nos, NM 87545. without damaging the relatively fragile reinforcing fibers.

This investigation applied Raman spectroscopy, transmission

-,itcon carDi~e wniskers have excellent mechanical and electron microscopy, and optical microscopy to study the

cnemical properties giving them much potential, some already morphology of the SiC matrix in ceramic matrix composite

commercially proven, as a reinforcement for structural materials.
zeramic composite materials. Los Alamos has developed a

batch process for producing very high quality SiC whiskers

ty the vapor-liquid-solid (VLS) method; however, the process L5.4

ras ratiier complex chemistry and has been difficult to make THE EMERGENCE OF PLASMA ENHANCED CHEMICAL VAPOR DEPOSITION

reproducible over the long term, reproducibility being an (PECVD) AS A VIABLE INDUSTRIAL COATING PROCESS. George

0'oPortant consideration for process scale-up. Engle, GEC, Inc., 2650 S. 47th Street, Suite 103, Phoenix.

AZ 85034 and James W. Warren. Composite Innovations
e process is difficult to model mathematically, so optimum Corporation, 24300 Aetna Street, Woodland Hills, CA 91367.

conditions have been derived from relating the many process

parameterS to product results to establish a set of rules The potential of Chemical Vapor Deposition, as a process

that will be used to run the process. These are for applying erosion and corrosion resistant ceramic and

incorDorated in a two-phase expert system designed to guide metal coatings to ferrous and non-ferrous alloys has long

'nexperienced users. In Phase 1, an expert consultant been recognized. Unfortunately, the high deposition

proaram provides the user with information that enables him temperatures (900"-I000°C) cause deleterious and generally

*0 set up the run. This information is incorporated into nonreversible metallurgical changes in the coated parts.

tne rule base that makes up Phase 2- the control system. At Corresponding shape stability and dimensional tolerances

-resent, the operator functions as the controller by are also lost. For more than twelve years, Plasma Enhanced

responding to the decisions of the expert system; Chemical Vapor Deposition (PECVD) technology has evolved

,tomation can be added later, from the laboratory into production operations within the
semiconductor industry.

Althouyh the external process conditions 
have always been

-onitored during a run, the recent-installation of a gas This acceptance is primarily due to the low PECVD

chromatograph to sample the reactor gases nas been the deposition temperatures (<450*C). The PECVD processes have

sirgie most valuable contributor to process control and recently demonstrated an adaptability to coating alloy

r-roducibility. By comparing the inlet and outlet gas components and carbon-ceramic fibers with a wide range of

stream compositions, we can quantify the reactions taking carbide, boride, nitride, oxide and metal coatings to

:ace and directly relate the process conditions to Si0 render them corrosion end erosion resistant. Typical Knoop

ieneration and subsequent nucleation and growth phenomona. hardness control of silicon carbide coatings can be

controlled from about 2300 to more than 7000 kgfmo
"2 

at 10%

penetration of the indenter while fiber coating thickness

and uniformity can be controlled from 300A ± 5%. Selected

coatings applications and performance are described.
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L5. 5 We have employed an ArF excimer laser, aligned parallel to the substrate,

DEPOSITION AND CLARACTERIZATION OF SILICON to perform blanket deposition of tungsten on silicon using WF6 and H2 as

NITRIDE SINGLE CRYSTAL FILMS. Joserh B. Milstein, Lian reaction gases. The experiments were performed in a cold-wall reactor,

Li. Ye-Yung Teng, and Anatoly M. Ahshuler, University of with a base pressure of 108 mbar. In this reactor high quality W films

Lowell. Lowell, MA have been deposited at substrate temperatures as low as 200 °C. We have
performed depositions at different substrate temperatures and laser-pulse

We have investigated the deposition of single crystal frequencies. Film thickness and morphology have been studied with RBS

silicon nitride in a low pressure radio-frequency plasma and cross-section SEM. Resistivities as low as 9.0 f4cm have been
assisted CVD deposition system operating at 440 KHz in obtained. We will show that, after deposition over the native oxide, the
ansatmosphere of nitrogen and hydrogen. Substrates roughness at the W-Si interface of laser deposited W films is clearly
an atducphereomparitoogeththdrhydroden.siubstrates
consisting of single crystal silicon wafers have been ieduced in comparison with thermally deposited f

employed. The depositions have been carried out with In addition we have determined the contribution of the Si-reduction

substrate temperatures in the range of 300 to 1200 OC. reaction to the total W deposition. In these experiments W was deposited

",e find that the reaction of the silicon wafer with the on the mono-crystalline Si top-layer of a marker sample, and the buried
nascent nitrogen produced in this system appears to be marker in the substrate was used as a reference for RBS measurements.
self-quenching at low substrate temperatures.

Characterization of the films has been performed by a L5.8

variety of techniques including x-ray diffraction. STRUCTURAL CONTROL OF MATERIALS SYNTHESIZED

ellipsometry. electrical measurements, and optical BY LASER EVAPORATION AND RAPID CONDENSATION
absorption.

Tongsan D. Xiao & Peter R. Strutt, The University of Connec-

L5. 6 ticut, Institute of Materials Science, Storrs, CT 06268.
LASER CHEMICAL VAPOR DEPOSITION OF TiN FILMS As uniquely demonstrated by Chow and Strutt, rapid condensa-
B.Chen, N. Biunno, R.K. Singh, and J.Narayan Dept. of Materials Asouniqulyedemnsrated-by Cw and ptutt ra c ensa-tion of species from a high-power cw CO2 laser plume may be ex-

Science and Engineering, North Carolina State University, ploited to synthesize novel new materials. Of specific interest was

Raleigh, NC 27695-7916 the synthesis of a nanoscale composite containing 25 to 100 nm.
diameter silica fibers and a metal matrix. Recent studies now show
that similar structures can be generated using a modified procedure,
providing a greater degree of flexibility and control of process vari-
ables.

We have investigated the growth of titanium nitride thin films using

the laser-induced chemical vapor deposition technique. A CO 2  One feature of the modified technique is independent substrate
heating. This replaces the use of a laser beam for combined (i)

laser ('.-=10.61gm) operating in both continuous wave and pulsed substrate heating, and (ii) ceramic target interaction to form a

modes was employed to induce localized heating of the plume. Results will be presented showing how the morphology and
growth rate of deposited layers depends on the (i) substrate tem-

molybdenum and stainless steel substrates. The flow rates of perature, (ii) chamber pressure, and (iii) geometrical configuration

TiCl4 and NH 3 were controlled to optimize the deposition of TiN in the reaction zone. Attention is devoted to the cross-sectional
uniformity of fibers, where, it is proposed, the effect of interfacial

films. The substrate temperature during deposition was varied chemistry on surface tension influences fiber surface stability. A

from 700 0C and 1200 0C by controlling the laser power density and diversity of microstructural and analytical techniques have been

the pulse duration. The effect of various processing parameters used to characterize morphological structures. These include tran-
smission electron microscopy, auger spectroscopy, XPS, and fourier

(gas flow rates, substrate temperature, flow geometry, etc) on the transform infrared spectroscopy.

stoichiometry and microstructure of the TiN was analyzed by

Auger Electron Spectroscopy, Transmission Electron Microscopi, L.RAT
<CACT'>.'E >-EM:.CAL 'AP R rIPCSIT:O% AS A METHO D FSR COATING

Rutherford Backscattering Spectroscopy, ; Scanning Electron LARBOrq FIBER ,T. CARB'ES, -. BOUIX, C. VINCENT,

lliroscopy The nature of the interface between the substrate and H. VIINCENT, R. FAVRE, LABORATORE VE PhYS:COCHIMIE MINERALE
(URA 116 DU CNRS), UNIVERSITE DE LYON 1, 43 Boulevard du 11

the film as a function of temperature will also be discussed.,ovembre 1918, 69622 VILLEURBANNE CEDEX (FRANCE).

Simple thermal calculations correlating the deposition

characterized with the laser power density will also be included in Carbon fibre is an ideal material for reinforcing inorganic

the presentation. matrix composites, specially for high temperatures. Its main
drawback is its susceptibility to oxidation and to reaction
with metals.

L5 .7
LASER-INDUCED PHOTOCHEMICAL VAPOR DEPOSITION OF Our challenge was to perfect a method of producing a carbon

TUNGSTEN. A.J.P. van Maaren and W.C. Sinke, FOM-Insutute for fibre in which each elementary filament is covered and

protected by a very thin and adherent layer of a refractory
Atoc and Molecular Phsics, kruislaan 407, 1098 SJ Amsterdam, The such as SiC, B4 C, etc.
Netherlands.

In this purpose, we use reactive chemical vapor deposition

Laser-induced photochemical vapor deposition can impart an important (RCVD) in which only the M element of the MnC carbide is

contribution torefractory metals CVD technology. Itenablesdeposition at carried by the yas phase, carbon being supplied by the fibre
itself. The growth rate is self regulated by the solid state

lower substrate temperatures and offers the possibility of projection diffusion.
patterning or direct writing.
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This method has been developped in a ccntinuous reactor with L5.13

ex-PAN (6 K) or ex-PITCH (2 K) fibers. A I k Tf IF .I AiL HE 'iO PN PRI)i 15 L (,IH I( 1 UAIIJ1 u

The mechanical behaviour of the coated fibers is very near A. Ag, ero, ULittle. and P. Lowden.

that of the starting ones, but their oxidation rate at 600'C Libutdi Engiiee 311g Lir.ited. Ha I lio,,, oJtariu,

is 100 times lower.
A 'ovel low te-petatute process for the chetric l vapor

deposition of titanium nitride f 1r.s has been developed

L5.10 ABSTRACT NOT AVAILABLE Titaniun sub-halides geterated "in-situ" by chlorination of
titaniun pellets are subsequentlv reacted with a nitrogen source

at reduced pressure and temperatures of 550 - 600°C. Tne

L5.11 coatings have excellent adhesion and no wear resistance.

SOLUTION PRECURSOR - LOW PRESSURE CHEMICAL
VAPOR DEPOSITION OF TITANIUM OXIDE FILMS. i A description of the process and the properties of coatings

Ping Lu. Jenqdaw Wang and Rishi Raj, Dept. of Materials Sci. & produced by it will be presented.

Eng. Cornell Univ. Ithaca, NY 14853.

A novel technique for performing Low Pressure Chemical Vapor
Deposition (LPCVD) has been set up. The apparatus consists of a L6.1 ABSTRACT NOT AVAILABLE
vertical - cold wall reactor, which uses liquid solutions as
precursors. Solution precursors are converted into vapor right
before entering the reactor. Deposition takes place on substrates L6.2
held at temperatures higher than the vaporization temperature. A METALORGANIC CHEMICAL VAPOR DEPOSITION OF SILICON

LPCVD process using liquid solution precursors will be referred to BASED CERAMICS USING METHLYSILAZANE. Honghua Du,

as Solution Precursor - LPCVD. It has some advantages over Bernard Gallois, and Kenneth Gonsalves, Stevens

conventional LPCVD, including easy control of film composition, Institute of Technology, Hoboken, NJ.

less restriction on precursor compounds, simplicity of apparatus
and improved safety. Silicon nitride and silicon carbonitride ceramic

Solution Precursor - LPCVD method has been applied for films have been deposited using a methylsilazane

depositing titanium oxide films on Si(100) and glass substrates. prepolymer, [CH3SiHNHI., with NH, and H. as the

The precursor used is titanium isopropoxide, TilGCH(CH3)24, carrier gases in a cold-wall, resistance-heated

disolved in toluene solvent. The base pressure of the reactor is 0.5 quartz reactor at 873-1073 K.

torr, and operating pressure is in the range of 2.0 - 3.0 torr. The When NH2 is used, silicon nitride is obtained.

precursor is vaporized a: 150 0C, and films deposited in the The Si-C and Si-H bonds in the prepolymer can be

te,,,pcratiie range of 300 - 5500C. Rutherford Back-Scattering effectively cleaved and the associated C and H
(RBS) analysis of the deposited films show that the stoichiometry removed. The residual N-H bonds detected in the

is TiO2. A wide range of deposition rate has been achieved by silicon nitride phase can be attributed to the
changing the concentration of the precursor solution. X-ray high bond strength or excess NH3 present in the
Diffraction (XRD) experiments indicate that the structure is anatase. reaction system.
No other phase can be detected. In the temperature range of 300 -
3501C. randomly oriented polycrystalline films are obtained; while When Ha is used, silicon carbonitride is ob-

at higher temperatures (450 - 550 0C), the films are textured. The tained. Cleavages of the C-H and N-H bonds In the

preferential orientauon exists on both Si(100) and glass substrates, prepolymer are effective on pyrolysis, and the

eliminating the substrate orientation effect. The textured films have associated H is removed as H.. Partial cleavages
columnar structure, and show very different morphology as of the Si-NH and Si-tH2 bonds in the prepolymer

compared torandomlyorientedfilms. and removal of N and C species are also evidenced

by the high Si atomic composition, compared with

N and C, in the film deposited.

AMORPHOUS INSULATING NbO FILMS BY REACTIVE The silicon carbonitride film density increases

EVAPORATION, B.X.Liu, Center of Condensed with temperature, in contrast to a constant

Matter and Radiation Physics, CCAST (World Lab.), silicon nitride film density. It is believed that

Bei3ing and Department of Materials Science and the rupture of the cyclic structure of the

Engineering, Tsinghua University, Beijing 100084, prepolymer is dominated by the nucleophlilic

CHINA: J.R.Ding, X.Zhou and J.N.Bai,Department effect In NHm, and by thermal dissociation in H2.

of Materials Science and Engineering, Tsinghua
University, Beijing 100084, CHINA

L6.3 ABSTRACT NOT AVAILABLE

Reactive Evaporation technique was employed to
prepare directly the amorphous NbO films for the
usage of insulating layers. L6.4 A"STRACT NOT AVAILABLE

It was found that the sheet electrical resistance
of the amorphous NbO films was much greater than 

L6.5S TI U'I' ~ UIU.' CO MI'O0SITION, AND I"ItO IPEItI'IS OF CVI)

that of the crystalline counterparts, indicating NrU' It, MD OI'l'INI'I) ZIItOM IRCONIUM

that the amorphous NbO films are more suitable ACI-I'YL ACTONATI'S. S.l.Dtsu and TShi, OelTAINtI) FtOll i
for being used as an insulating layer in junction AteriaYsAEtiler iillytchnic l'.titi, I tlae l Strti

devices. Utiversity, Blacksburg, VA.

Both thermal and irradiation stabilities of the
prepared amorphous NbO films were studied. The re- ZrO. films were deposited on silicon and quartz substrat s at

crystallization temperature of the films was temperatures of 350uC to 550uC by the pyrolytic decutuonqsitiotl of

1120150 K, and the films also crystallized upon zirconium acetylacetoiiates. Depositions were carried ott at both

heavy ion irradiation at room temperature. atmospheric and low pressures. Thle optical properties, structure,

microstructure and compositionl of films were chiaracterized by
, ,tesents the detae procedure of elli iometer, X-ray diffraction, scanning electron microscopy tSENI),

the film preparation and the properties of the andPX-ray photoelectron microscopy (XPS), respectively.
amorphous NbO films. 
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The deposition rate was kinetically controlled at low temperatures L6. 9
and mass transfer controlled at high temperatures. Use of zirconium ORGANOMETALLIC CHEMICAL VAPOR DEPOSITION OF STRONTIUM

(IV) acetylacetonate resulted in cubic ZrO2 with some carbon TITANATE THIN FILMS. W. A. Fell,
e 

L. M. Tonge,b B. W.

contamination whereas, monioclinic, pure ZrO 2 films were obtained Wessels,
a 

and T. J. Harks,
b 

Northwestern University,

with the precursor zirconium (IV) trifluroacetylacetonate. The Evanston, IL 60208
monoclinic ZrO2 films are fine grained and showed preferential
orientation. The measured values of dielectric contstant, refractive SrTi03 thin films were deposited by low pressure organo-
index, and electrical resistivity of ZrO2 films are iS, 2.2, and 5E13 metallic chemical vapor deposition on sapphire and sili-
Ohn.cm, respectively. con substrates using the volatile metalorganic precur-

sors titanium isopropoxide and Sr (dipivaloylmethanate)2.
The results are explained in the light of decomposition mechalisms of Oxygen and water vapor were used as reactant gases and

the organometallic precursors. argon was used as a carrier gas. Growth rates ranging

from 0.3 - 5.0 pim/hr were obtained at 600 - 850"C.

L6.6 Highly c-axis oriented SrTi03 was obtained on (0001)

TITANIUM NITRIDE THIN FILMS: PROPERTIES AND sapphire, while no preferred orientation could be ob-

APCVD SYNTHESIS USING ORGANOMETALLIC served for the films grown on silicon. Both the growth
rate and growth temperature influenced the phases stabi-

PRECURSORS. Renaud M. F Roy G. Gordon. David M. lized and the surface morphology of the as-deposited

Hoffman. Department of Chemistry, Harvard University. films grown on sapphire. SrTi03 films deposited on sill-

Cambridge. MA 02138. con substrates exhibited resistivities greater than 109
ohm-cm end dielectric constants up to 100.

A unique combination of properties makes titanium

nitride (TIN) thin films an attractive material for a wide

range of applications. Current CVD processes. however. L6. 10
require temperatures too high for thermally sensitive IIIGHLY RESOLVED GRADIENT PATIERNS IN GLASS BY
substrates such as plastics, or aluminized silicon MEANS OF CHEMICAL VAPOR DEPOSITION. Harry D.
microcircuits. In this paper we present a new low-
temperature atmospheric pressure CVD synthesis of TiN Gafney, Edgar Mendoza, Eugene Wolkow. Department of
thin films, which uses organometallic compounds as Chemistry, Queens College of CUNY, Flushing, N.Y. 11367

precursors, and Peter Wong, Department of Chemistry, Queenshorough

Film depositions were carried out at temperatures from Community College, Bayside. N.Y. 11364

about 100 to 300 IC on substrates such as silicon wafers.
glass. vitreous carbon, and boron. Growth rates, film

thicknesses and surface morphology (by SEM) will be Recent experiments have established that highly resolved

reported. The characterization of the films by electron patterns of refractive index gradients can be produced in

microprobe analysis. RBS. XPS and XRD will be glass by photolysis and subsequent heat treatment of

discussed. The electrical and optical properties of the

films will also be described, vapor deposited organometallic reagents on porous Vycor

glass (PVG) or dried porous silica gels. The comparitive

Lt. 7 topographies of the porous adsorbents and consolidated

CHEMICAL VAPOR DEPOSITION OF NIOBIUM CARBIDE glasses were observed by optical and scanning electron
USING A NOVEL ORGANOMETALLIC PRECURSOR. P.D. microscopy (SEM) and conclusions were drawn with
Stupik and A.R. Barron*, Department of Chemistry,

Harvard University, Cambridge, MA 02138. respect to resolution of patterns as a function of chemical

behavior of absorbate. The photochemical and thermal

A method for the preparation of niobium reactions, which lead to consolidated glass formation, ascarbide films at less than 500"C has been

developed. The use of volatile organo-niobium well as the synthesis of sol-gt.s will be described.

compounds as single component precursors, in an Comparisons between glasses made by critical cooling of
atmospheric pressure laminar flow CVD apparatus melts (ccm), such as vycor, and the sol-gel method (sgm)

yielded adherent films of niobium carbide on

single crystal silicon and glass substrates. XPS will be discussed with respect to their compositions and

studies indicate that the films contain a carbide topographies.
phase and a nearly stoichiometric ratio of

niobium to carbon. The morphology of the films has

been examined by SEM. L6.11
SMALL ANGLE X-RAY SCATTERING (SAXS) FROM METAL

IMPREGNATED POROUS VYCOR GLASS. * 213Suni, J.

L6.A A M ASokolov*, M.H. Rafailovich, E. Mendoza, E.

LOWTEMPERATURE ORC0METALLIC CHEMICAL VAPOR DEPOSITION Wolkow, M.D. Gafney, Queens College, G. Long,
(OMCVD) OF RHODIUM AND IRIDIUM THIN FILMS. D C, Smih, C. j NIST, P. Jemian, Northwestern University, A.

Burns. and A. P. Saltelberger, Inorganic and Structural Chemistry Group Hansen, Brookhaven National Laboratory,

(INC.4), Los Alamos National Laboratory, Los Alamos, NM 87545; and S.

G. Pattillo, D. W. Carroll, and J. R.. Lata. the Material Science and We have obtained highly resolved patterns by

Technology Division, Los Alamos National Laboratory, Los Alamos, NM photolysis of iron and tin compounds vapor

87545. deposited onto porous Vycor glass, (PVG). In
order to study the nature of the surface

We will describe new low temperature (5 300 'C) routes to rhodium and chemical process and its relationship to the

iridium thin films from volatile organomeallic precursors that have morphology of the glass, the samples were

been developed at Los Alamos. The following topics will be discussed: (1) studied by various complementary techniques.

synthesis and characterization of the organometallic precursors, (2) the SAXS clearly shows that the Sn impregnated

conditions of film growth and the types of substrates used, (3) glass retains the morphology of the spinodaly

experimental variables (e.g., pressure, substrate temperature, hydrogen decomposed phase of the PVG even after

concentration, etc.) and their effect on film quality and film deposition consolidation at 1200'C. In contrast, the Fe

rates, and (4) experimental characterization of the metal films by X-ray impregnated sample has this structure only for

diffraction, scanning electron microscopy, and Auger spectroscopy. T S 650'C and is then collapsed to a uniform
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glass at 1200-C. Rutherford backscattering in
conjunction with X-Ray micrography show the Sn
oxides to be uniformly distributed in a
granular glass matrix, while the Fe oxides are
incorporated into a smooth glass substrate,
forming a uniform, 400p thick layer situated
several hundred angstroms below the glass
surface. We conclude that the Sn oxides are
more strongly bound to the glass thereby
modifying its surface and inhibiting the
consolidation process. Similar studies on
impregnated glass gels will be presented and
compared with scanning electron micrographs of
the samples.
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SESSION MI: THEORY AND EXPERIMENT 11:00 M1.7
Chairs: P. Chu and F. Fradin EVIDENCE OF KOSTERLITZ-THOULESS TRANSITION
Monday Morning, November 27 AND FLUCTUATIONS IN HIGH TEMPERATURE SUPER-

Salon G (M) CONDUCTING THIN FILMS, O.Y. Ying and H.S.
Kwok, State University of New York at Buf-

SYMPOSIUM M presentations falo, Institute on Superconductivity, Buf-
may be viewed falo, NY.

simultaneously in the
Essex North West Room, 11:15 KI.8

Westin Hotel. PHONON ANOMALY ACROSS Tc IN Y(Er)Ba2Cu 3O 7 _6,
R.P. Sharma, L.E. Rehn, P.M. Baldo and J.Z.
Liu, Argonne National Laboratory, Materials

8:30 *M1.1 Science Division, Argonne, IL.
MYTH AND REALITY IN HIGH Tc, Philip W.
Anderson, Princeton University, Department 11:30 9
of Physics, Princeton, NJ. REPRODUCIBLE TUNNELING DATA ON CHEMICALLY

ETCHED SINGLE CRYSTALS OF YBa 2 Cu3O 7 , J.M.
9:00 *11.2 Valles Jr., M. Gurvitch, A.M. Cucolo, R.C.

SOME THEORIES OF HIGH TEMPERATURE SUPERCON- Dynes, J.P. Garno, L.F. Schneemeyer, J.V.
DUCTIVITY, Marvin L. Cohen, University of Waszczak, AT&T Bell Laboratories, Murray
California, Berkeley, and Materials and Hill, NJ.
Chemical Sciences Division, Lawrence Berke-
ley Laboratory, Department of Physics, 11:45 N1.10
Berkeley, CA. HIGH QUALITY SINGLE CRYSTALS OF YiBa 2Cu3Oy

WITH SUPERIOR MICROWAVE PROPERTIES, Done Ho
9:30 MI.3 Wu, W. Kennedy and S. Sridhar, Northeastern
RENORMALIZATION FROM DENSITY FUNCTIONAL University, Physics Department, Bostcn, MA.
THEORY TO STRONG COUPLING MODELS FOR THE
ELECTRONIC STRUCTURE OF La 2CuO 4 , Mark S. SESSION M2: NOVEL MATERI,.-S
Hybertsen and Michael Schluter, AT&T Bell Chairs: L. Schneemeyer and J. Jorgenson
Laboratories, Murray Hill, NJ; E.B. Stechel Monday Afternoon, November 27
and D.R. Jennison, Sandia National Labora- Salon G (M)
tories, Solid State Theory Division 1151,
Albuquerque, NM. SYMPOSIUM M presentations

may be viewed

9:45 BREAK simultaneously in the
Essex North West Room,

10:00 *14 Westin Hotel.
EXPERIMENTAL EVIDENCE FOR VORTEX-GLASS
SUPERCONDUCTIVITY IN YBaCuO, R. Koch, IBM
T.J. Watson Research Center, Yorktown 1:30 *la.
Heights, NY. CRYSTAL CHEMISTRY OF OXIDE SUPERCONDUCTORS,

Arthur W. Sleight, Oregon State University,
1:30 N1.5 Department of Chemistry, Corvallis, OR.
ELECTRONIC STRUCTURE OF La?_xSrxNilO 4 SUPER-
CONDUCTING MATERIALS, Yueiin Guo and William 2:00 X2.2
A. Goddard III, California Institute of SUPERCONDUCTIVITY IN BISMUTH-LEAD-ANTIMONY
Technology, Arthur Amos Noyes Laboratory of BASED PEROVSKITES, R.J. Cava. B. Batlogg,
Chemical Physics, Pasadena, CA. J.J. Krajewski, W.F. Peck Jr., L.W. Rupp

Jr., AT&T Bell Laboratories, Murray Hill,
10:45 M1.6 NJ.
VORTEX PHASES AND DISSIPATION IN HIGH TEMP-
ERATURE SUPERCONDUCTING OXIDES, N.C. Yeh, 2:30 42.3
1BM T.J. Watson Research Center, Yorktown PrBa 2Cu3O 7 AND CmBa 2Cu307 : THE ABSENCE OF
Heights, NY. SUPERCONDUCTIVITY IN YBa 2Cv 3O 7 -RELATED

COMPOUNDS, L. Soderholm, G.L. Goodman,
Argonne National Laboratory, Chemistry

kInvited Paper Division, Argonne, IL; U. Welp, Argonne
National Laboratory, Materials Sciences

3hort Course M-05, "Fabrication, Charac- Division, Argonne, IL; and C.-K. Loong,
"erization, and Applications of High-Temper- Argonne National Laboratory, IPNS Division,
iture Superconducting Materials," may be of Argonne, IL.
Lnterest to symposium attendees. Details
-egarding course dates and instructors are
)rovided in the short course section of this
;rogram.
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2:45 M2.4 SESSION M3: THIN FILM DEPOSITION:
THE EFFECTS OF OXYGEN AND STRONTIUM VACAN- LASER ABLATION TECHNIQUE
CIES ON THE SUPERCONDUCTIVITY OF SINGLE Chairs: J. Narayan and T. Venkatesan
CRYSTALS OF Bi2 Sr2 ,CuO 6.y, B.C. Sales, B.C. Tuesday Morning, November 28
Chakoumakos and Edward Sonder, Oak Ridge Salon G (M)
National Laboratory, Solid State Division,
Oak Ridge, TN. SYMPOSIUM M presentations

may be viewed
3:00 M2.5 simultaneously in the

STRUCTURE PROPERTY RELATIONSHIPS IN THE ONE- Essex North West Room,
LAYER BISMUTH STRONTIUM CUPRATE SUPERCONDUC- Westin Hotel.
TOR, Steven A. Sunshine, Robert Fleming,
Lynn Schmeemeyer and Theo Siegrist, AT&T
Bell Laboratories, Murray Hill, NJ. 8:00 *M3.1

PULSED LASER TECHNIQUE FOR DEPOSITION OF
3:15 BREAK SUPERCONDUCTING THIN FILMS: DEPOSITION

PHYSICS AND IN-SITU PROCESSING, R.K. Singh
and J. Narayan, North Carolina State Univer-

3:30 *M2.6 sity, Department of Materials Science and
CERTAIN NOVEL ASPECTS OF THALLIUM AND BIS- Engineering, Raleigh, NC.
MUTH CUPRATE SUPERCONDUCTORS, C.N.R. Rao,
Indian Institute of Science, Solid State and 8:30 M3.2
Structural Chemistry Unit, Bangalore, India. SYNTHESIS AND PROPERTIES OF Yl-xPrxBa2Cu3-0 7-x THIN FILMS, X.D. Wu, M.S. Hegde, A.
4:00 M2.7 Inam and X.X. Xi, Rutgers University, Phys-

INFLUENCE OF THE PARTIAL SUBSTITUTION OF ics Department, Piscataway, NJ; T.
SMALL RARE EARTHS FOR Ca IN THE SUPERCONDUC- Venkatesan and C.C. Chang, Bellcore, Red
TIVE Bi-Sr-Ca-Cu-O COMPOUND, M.J. Casanove, Bank, NJ.
P. Baules, E. Snoeck and C. Roucau, CNRS,
CEMES-LOE, Toulouse, France; P. Millet, R. 8:45 M3.3
Enjalbert and J. Galy, LCC, Toulouse, IN SITU GROWTH OF HIGH QUALITY EPITAXIAL
France. YBa2 Cu3 7 _x  FILMS AT MODERATE SUBSTRATE

TEMPERATURES AND OVER LARGE AREAS BY PULSED
4:15 M2.8 LASER ABLATION, Douglas H. Lowndes, J.W.

SY1T HESIS AND CHARACTERIZATION OF McCamy, D.P. Norton, R. Feenstra, J.D. Budai
Nd .85Ce0.15CuO4±x, T.A. Vanderah, Naval and D.N. Mashburn, Oak Ridge National Labor-
Weapons Center, Research Department, China atory, Solid State Division, Oak Ridge, TN.
Lake, CA; and M.S. Osofsky, Naval Research
Laboratory, Washington, DC. 9:00 M3.4

TAILORED HIGH-Tc SUPERCONDUCTING THIN FILMS
4:30 X2.9 MADE BY LAYER-BY-LAYER DEPOSITION WITH
SUPERCONDUCTIVITY IN (Nd,Ce,Ca)2CuO4-z, L. EXCIMER LASER, Tomoji Kawai, Masaki Kanai,
Sakurai, T. Yamahita, S. Ikegawa and H. Hitoshi Tabata and Shichio Kawai, Osaka
%amauchi, International Superconductivity University, The Institute of Scientific and
Technology Center, Superconductivity Re- Industrial Research, Osaka, Japan.
search Laboratory, Tokyo, Japan.

9:15 K3.5
4:45 H2.10 IN SITU PREPARATION OF SUPERCONDUCTING Y-Ba-

SUPERCONDUCTING BEHAVIOR OF TETRAGONAL (T') Cu-O THIN FILMS ON SILICON SINGLE CRYSTALS,
Eu2_xCexCuO4 ±6 , V.J. Melim, Weimin Peng and H.-U. Habermeier and G. Mertens, Max-Planck-
C.W. Kimball, Northern Illinois University, Institut, Stuttgart, West Germany.
Department of Physics, Dekalb, IL; and B.
Dabrowski, Y. Zheng and D.G. Hinks, Argonne 9:30 M3.6
National Laboratory, Argonne, IL. MACROSCOPIC PERSISTENT CURRENTS IN LASER

ABLATED YBa 2Cu307_x FILMS, B. Stritzker, J.
5:00 M2.11 Fr6hlingsdorf, U. Kruger, Institut f~r

CERAMIC MATERIALS WITH T'-CRYSTAL STRUCTURE Schicht- und Ionentechnik, KFA Jdlich, West
IN THE Ln2 _xMyCuO4 _ (Ln=Pr,Nd; M=Ce, Pb, Germany; P. Leiderer, Universitht Konstanz,
Sn) SYSTEM, R. Oviedo-Roa, L. Govea, and B. Fakultat for Physik, Konstanz, West Germany;
Escudero, Universidad Nacional Autonoma De R. Feile, Universitat Mainz, Institut fur
Mexico, Instituto de Investigaciones en Physik, Mainz, West Germany; and W. Zander,
Materiales, Solid State Department, Mexico, Institut fur Schicht- und Ionentechnik, KFA
D.F., Mexico. Jilich, West Germany

9:45 BREAK
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I0: 00 *M3.7 11 :4 5 M3.13

STUDY OF IN-SITU LASER-DEPOSITION OF SUPER- PREPARATION AND PROPERTIES OF EPITAXIAL THIN
CONDUCTING THIN FILMS BY IN-SITU RESISTANCE FILMS OF SUPERCONDUCTING Nd _xCexCu0 A.
MEASUREMENT, Q.Y. Ying, H.S. Kim, D.T. Shaw Gut, G. Koren, C.C. Tsuei, A. SegUmller
and H.S. Kwok, State University of New York and T.R. McGuire, IBM T.J. Watson Research
at Buffalo, Institute on Superconductivity, Center, Yorktown Heights, NY.
Buffalo, NY.

SESSION M4: BULK MATERIALS
10:30 M3.8 Chairs: D. Ginley and H. O'Bryan
IN-SITU GROWN YBCO FILMS AND BUFFER LAYERS Tuesday Afternoon, November 28
ON SILICON BY PULSED LASER DEPOSITION, Salon G (M)
G.A.N. Connell, J.B. Boyce, Xerox Palo Alto
Research Center, Palo Alto, CA; F. Bridges, SYMPOSIUM M presentations
Xerox Palo Alto Research Center, Palo Alto, may be viewed
CA and University of California, Physics simultaneously in the
Department, Santa Cruz, CA; D.B. Fenner, Essex North West Room,
Xerox Palo Alto Research Center, Palo Alto, Westin Hotel.
California and Santa Clara University,
Physics Department, Santa Clara, CA; and
D.K. Fork, Xerox Palo Alto Research Center, 1:30 *N4.1
Palo Alto, California and Stanford THE STUDY OF THE SYNTHESIS AND MEASUREMENT
University, Department of Applied Physics, OF HIGH Tc BULK MATERIALS, P.H. Hor, Univer-
Stanford, CA. sity of Houston, Houston, TX.

10:45 M3.9 2:00 M4.2
ArF LASER ABLATION OF YBa 2Cu3 7-x AS STUDIED FABRICATION OF TEXTURED MICROSTRUCTURES IN
BY EMISSION SPECTROSCOPY, SEM AND EDAX, Alon YBa2 Cu3 06 +x BY LIQUID-PHASE SINTERING, Lijie
Hoffman, Royal Melbourne Institute of Tech- Zhang, Martin P. Harmer and Helen M. Chan,
nology, Department of Applied Physics, Lehigh University, Department of Material
Melbourne, Australia; and Rafael Manory, Science, Bethlehem, PA.
Royal Melbourne Institute of Technology,
Department of Mettallurgy Engineering, 2:15 M4.3
Melbourne, Australia. SYNTHESIS OF UNIDIRECTIONALLY SOLIDIFIED Y-

Ba-Cu-O BULK SUPERCONDUCTORS WITH HIGH
11:00 M3.10 CRITICAL CURRENT DENSITY, E. Yanagisawa, S.
THE PROCESSING OF SUPERCONDUCTING THIN FILMS Kondoh, J. Shimoyama, J. Kase, T. Matsubara
OF Pb-Bi-Sr-Ca-Cu-O USING LASER ABLATION and T. Morimoto, Asahi Glass Company, Ltd.,
TECHNIQUES, F. Beech, M. Brown, R. Jackman, Research Center, Yokohama, Japan.
I.W. Boyd, University College London, De-
partment of Electronic and Electrical En- 2:30 X4.4
gineering, London, United Kingdom; and F. PROCESSING OF HIGH CURRENT DENSITY YBa2Cu3Ox
Saba, Imperial College, Department of Mate- SUPERCONDUCTORS, V. Selvamanickam and K.
rials, London, United Kingdom. Salama, University of Houston, Texas Center

of Superconductivity, Department of Mechani-
11:15 M3.11 cal Engineering, Houston, TX.
ION TIME OF FLIGHT STUDY FROM LASER ABLATED
YIBa 2Cu307 , R.A. Neifeld, A. Tauber, U.S. 2:45 M4.5
Army LABCOM, ETDL, Fort Monmouth; W.T. Hill FABRICATION OF YBa 2Cu 3O 7 x FILAMENTS BY
III, B. Turner, University of Maryland, EXTRUSION OF A Cu 30 3Ba2Y(meOEt) 7 (meOEt IS
Institutre of Physical Science and Techn- 2-METHOXYETHANOL) PRECURSOR, M.W. Rupich,
ology, College Park, MD. S.F. Cogan, B. Lagos and J.P. Hachey, EIC

Laboratories, Inc., Norwood, MA.
1:30 M3.12

CHARACTERIZATION OF THE TARGET-SUBSTRATE 3:00 BREAK
BIAS POTENTIAL DEPENDENCE OF PULSED LASED
DEPOSITION OF YBa 2Cu307_ 6 , D.B. Chrisey, 3:15 *M4.6
K.S. Grabowski, Naval Research Laboratory, THE DEPENDENCE OF Tc FOR CERAMIC HIGH-Tc
Surface Modification Branch, Washington, DC; SUPERCONDUCTORS ON ELECTRONIC PARAMETERS,
M.S. Osofsky, Naval Research Laboratory, B.C. Giessen and R.S. Markiewicz, North-
Materials Physics Branch, Washington, DC; eastern University, Barnett Institute and
J.A. Sprague and C.R. Gossett, Naval Departments of Chemistry and Physics, Mate-
Research Laboratory, Surface Modification rials Science Division, Boston, MA.
Branch, Washington, DC.
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3:45 X4.7 5:15 X4.13
THE EFFECT OF THE DISTRIBUTION OF DOPANTS IN MICROSTRUCTURAL ANALYSES AND MAGNETIC
HIGH Tc BI-COMPOUND SUPERCONDUCTORS, Alexis MEASUREMENTS OF Ag/YBa2Cu3 O7 _x COMPOSITES,
S. Nash, Marquette University, ECBE V.S. Achuthuraman, Y.J. Zhang, M.L.
Departn.:nt, Milwaukee, WI; Kenneth C. Mecartne%, University of Minnesota, Depart-
Goretta, Argonne National Laboratory, Ceram- ment of Chemical Engineering and Materials
ics Section, Materials and Components Tech- Science, Minneapolis, MN; and J. McArdle, Q.
nology Division, Argonne, IL; Philip Nash, Chen, B. Koepke, Honeywell, Inc., Minne-
Illinois Institute of Technology, Metallur- apolis, MN.
gical and Materials Engineering, Chicago,
IL; Roger B. Peoppel and Donglu Shi, Argonne SESSION M5: THIN FILM DEPOSITION:
National Laboratory, Ceramics Section, OTHER TECHNIQUES
Materials and Components Technology Chairs: R. C. Dynes and D. K. Christen
Division, Argonne, IL. Wednesday Morning, November 29

Salon G (M)
4:00 44.8

A NOVEL SPRAY PRYOLYSIS SYSTEM FOR THE SYMPOSIUM M presentations
DEPOSITION OF HIGH Tc SUPERCONDUCTORS, Tobv may be viewed simultaneously
J. Cumberbatch, Cambridge University, I.R.C. in the America Ballroom Lobby
in Superconductivity, Cambridge, United Westin Hotel.
Kingdom; Stephen Deane and Paul E. Barden,
Cambridge University, Engineering Depart-
ment, Cambridge, United Kingdom. 8:00 *N5.1

IN-SITU GROWTH OF YlBa2Cu3O 7 _x FILMS BY
4:15 N4.9 MOLECULAR BEAM EPITAXY WITH AN ACTIVATED

HIGH TEMPERATURE SUSPENSION MELTING TREAT- OXYGEN SOURCE, J. Ywo, AT&T Bell Labora-
MENT OF SUPERCONDUCTING POWDER (HTSM), Zhang tories, Murray Hill, NJ.
Jiangou, Zhou Yiru, Wang Junsheng, Yan
Junlian, Liu Ansheng, Zhang Baoren and Xu 8:30 M5.2
Yalan, General Research Institute for Non- SUPERCONDUCTORS AND INSULATORS IN RUBIDIUM
Ferrous Metals, Beijing, China. BARIUM BISMUTH OXIDE FILMS GROWN IN-SITU BY

MOLECULAR BEAM EPITAXY, E.S. Hellman, E.H.
4:30 1i4.10 Hartford, R.M. Fleming, AT&T Bell Labora-

REACTIONS AT CERAMIC SUPERCONDUCTOR/METAL tories, Murray Hill, NJ.
INTERFACES, Min-Seok Oh and Michael R.
Notis, Lehigh University, Department of 8:45 M5.3
Materials Science and Engineering, Beth- AS-DEPOSITED SUPERCONDUCTING Y-Ba-Cu-O FILMS
lehem, PA. ON GaAs SUBSTRATE BY HIGH PRESSURE DC SPUT-

TERING PROCESS, R.J. Lin and P.T. Wu, In-
4:45 K4.11 dustrial Technology Research Institute,

YBa 2Cu 307 FILAMENT-SUPERPLASTIC ALLOY COM- Materials Research Laboratories, Hsinchu,
POSITES, Emilio Orgaz and Miguel A. Ocampo, Taiwan, China.
Condumex Research and Development Center,
Department of Materials, M~xico, D.F., 9:00 K5.4
Mexico; David Rios-Jara and Tatsuo Akachi, HIGH-Tc YBa 2Cu3O 7 THIN FILMS PRODUCED BY
IIM-UNAM, Department of Metals and Ceramic MULTILAYER SPUTTER DEPOSITION, Mark S.
Materials, Mexico City, Mdxico. Diorio, Kai-Yieh Yang, Andrew N. Erickson,

Biomagnetic Technologies Inc., San Diego,
5:00 M4.12 CA; Patricia Tsai, M. Brian Maple, Univer-

SILVER IN Y-Ba-Cu-O: SUBSTITUTION, MICRO- sity of California-San Diego, Department of
STRUCTURE, AND SUPERCONDUCTING PROPERTIES, Physics, LaJolla, CA.
B.R. Weinberger, L. Lynds, D.M. Potrepka, R.
Cipolli, D.B. Snow, C.T. Burila, H.E. Eaton, 9:15 M5.5
United Technologies Research Center, East HIGH CRITICAL CURRENT DENSITY IN ULTRATHIN
Hartford, CT; Z. Tan and J.I. Budnick, YBCO FILMS, X.X. Xi, Rutgers University,
University of Connecticut, Department of Physics Department, Piscataway, NJ; W.
Physics, Storrs, CT. Schauer, Institut fuer Technische Physik,

Karlsruhe, West Germany; J. Geerk, Kern-
forschungszentrum Karlsruhe, Institute fuer
Nukleare Festkoeperphysik, Karlsruhe, West
Germany; Q. Li, Rutgers University, Physics
Department, Piscataway, NJ; G. Linker and 0.
Meyer, Kernforschungszentrum Karlsruhe,
Institute fuer Nukleare Festkoeperphysik,
Karlsruhe, West Germany.
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9:30 N5.6 11:45 M5.13
SYNTHESIS AND PROPERTIES OF YBa 2 Cu 3 07- X THIN IN-SITU GROWTH OF YBa2Cu3O7_x FILMS BY METAL
FILMS GROWN IN-SITU BY SINGLE TARGET MAG- ORGANIC CHEMICAL VAPOR DEPOSITION USING
NETRON SPUTTERING, C.B. Eom, J. Sun, K. VERTICAL, HIGH-SPEED ROTATING DISK REACTOR,
Yamamoto, T.H. Geballe, Stanford University, D.W. Noh, B. Gallois, Stevens Institute of
Center for Materials Research, Stanford, CA; Technology, Department of Materials Science
and S.S. Laderman, Hewlett-Packard Company, and Engineering, Hoboken, NJ; C. Chern, B.
Palo Alto, CA. Kear, Rutgers University, Department of

Materials Science, Piscataway, NJ; G.S.
9:45 BREAK Tompa, P. Norris and P. Zawadzki, ENCORE,

Somerset, NJ.
I0:00 *M5.7
IN-SITU PREPARATION OF THIN FILMS OF HIGH Tc SESSION M6: CRYSTAL CHEMISTRY
MATERIALS, T. Geballe, Stanford University, Chairs: A. Sleight and T. Vanderah
Stanford, CA. Wednesday Afternoon, November 29

Salon G (M)
l0:30 M5.8
ION BEAM CO-DEPOSITION OF YBa 2Cu 3O 6+x FILMS, SYMPOSIUM M presentations
B.J. Kellett, J.H. James, A. Gauzzi, B. Dwir may be viewed simultaneously
and D. Pavuna, Swiss Federal Institute of in the America Ballroom Lobby
Technology, Institute of Micro and Optoelec- Westin Hotel.
tronics, Lausanne, Switzerland.

10:45 N5.9 1:30 *M6.1
IN-SITU PREPARATION AND CHARACTERIZATION OF STRUCTURAL ASPECTS OF THE PHASE SEPARATION
SUPERCONDUCTING THIN FILMS AND RELATED IN La2 CuO4 .0 32 , C. Chaillout, Grenoble,
MATERIALS BY MOCVD FOR THE DEVELOPMENT OF France.
THREE TERMINAL SWITCHING DEVICES, R. Singh,
S. Sinha, N.J. Hsu, P. Chou, R.P.S. Thakur, 2:00 M6.2
A. Kumar, University of Oklahoma, Department CRYSTAL CHEMISTRY AND SUB-SOLIDUS PHASE
of Electrical Engineering and Computer RELA%:ONS IN (La,RE)2 CuO 4 SYSTEMS, Joseph F.
Science, Norman, OK; J. Narayan and R.K. Brinalev, Steven S. Trail, Michael W.
Singh, North Carolina State University, McElfresh and Bruce A. Scott, IBM T.J.
Department of Materials Science, Raleigh, Watson Research Center, Yorktown Heights,
NC. NY.

11:00 M5.10 2:15 M6.3
LOW TEMPERATURE PREPARATION OF Y-Ba-Cu-O A THERMOCHEMICAL INVESTIGATION OF THE La-Sr-
THIN FILMS BY OMCVD, Taiji Tsuruoka, Ryoudou Cu-O SYSTEM, Joseph Bularzik, Alexandra
Kawasaki, Hitoshi Abe and Susumu Shibata, Navrotsky, Princeton University, Geology and
Oki Electric Industry Company, Ltd., Re- Geophysical Science, Princeton, NJ; and
search Laboratory, Tokyo, Japan. Bruce Scott, Joe Bringley and Steve Trail,

IBM T.J. Watson Research Center, Yorktown
11:15 X5,1 Heights, NY.
PREPARATION OF SUPERCONDUCTING Y-Ba-Cu-O
THIN FILMS BY MOCVD, H. Ohnishi, Y. 2:30 M6.4
Kusakabe, M. Kobayashi and S. Hoshinouchi, STRUCTURAL AND MAGNETIC PROPERTIES OF UN-
Mitsubishi Electric Corporation, Manufactur- TWINNED YBa2Cu3O6 +x SINGLE CRYSTALS, Debra
ing Development Laboratory, Hyogo, Japan; H. L. Kaiser, Frank W. Gayle, Lydon J.
Harima and K. Tachibana, Kyoto Institute Swartzendruber and Winnie Wong-Ng, National
Technology, Department of Electronics, Institute of Standards and Technology,
Kyoto, Japan. Ceramics Department, Gaithersburg, MD;

Steven F. Watkins and Frank R. Fronczek,
11:30 M5.12 Louisiana State University, Department of
INNOVATIVE LOW-TEMPERATURE METAL-ORGANIC Chemistry, Baton Rouge, LA.
CHEMICAL VAPOR DEPOSITION (LTMOCVD) ROUTES
TO THE FABRICATION OF DEVICE QUALITY HIGH 2:45 M
TEMPERATURE OXIDE SUPERCONDUCTORS, Alain E. Ba2 YCu 3 O7 _6 CRYSTAL SURFACE LAYERS; ORTHO-
Kaloyeros, Aiguo Feng, Jonathan Garhart, RHOMBIC SPLITTING, DISLOCATIONS, AND CHEMI-
State University of New York at Albany, CAL ETCHING, D.J. Werder, C.H. Chen, M.
Physics Department, Albany, NY; Marianne Gurvitch, B. Miller, L.F. Schneemeyer and
Holma, University of Illinois at Urbana- J.V. Waszczak, AT&T Bell Laboratories,
Champaign, Physics Department, Urbana, IL; Murray Hill, NJ.
and Kenneth Brooks, University of Illinois
at Urbana-Champaign, Chemistry Department, 3:00 BREAK
Urbana, IL.
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3:15 *M6.6 SESSION M7: POSTER SESSION
STRUCTURAL PHASE DIAGRAM AND SUPERCONDUCTING Chairs: D. K. Finnemore, B. Batlogg,
BEHAVIOR IN THE Bal-XKXBiO 3 SYSTEM, J.D. J. Budai, R. Singh and W. K. Chu
Jorgensen, Shiyou Pei, D.G. Hinks, B. Wednesday Evening, November 29
Dabrowski, D.R. Richards, A.W. Mitchell and 8:00 p.m. - 10:00 p.m.
D.T. Marx, Argonne National Laboratory, America Ballroom (W)
Materials Science Division, Argonne, IL;
S.K. Sinha, J.M. Newsam, D. Vaknin and A.J. M7.1 ELECTRONIC STRUCTURE CALCULATIONS
Jacobson, Exxon Research and Engineering OF THE COPPER-OXYGEN PLANES IN YBa 2 Cu 3 O6 +y
Company, Annandale, NJ. FOR 0 < Y < 1, J.A. Cogordan, Universidac

Nacional Aut6noma de Mexico, Instituto de
3:45 N6.7 Investigaciones en Materiales, Mexico,

ELECTRON-PHONON COUPLING IN SUPERCONDUCTING Mexico.
Bal-XKXBiO3 : A RAMAN-SCATTERING STUDY, K.F.
McCarty, Sandia National Laboratories, M7.2 ON THE NATURE OF HOLES IN YBa 2-
Livermore, CA; H.B. Radousky, Lawrence CU307_x, E.E. Alp, J.C. Campuzano. G.
Livermore National Laboratory, Livermore, Jennings, J. Guo, L. Beaulaigue, S.M. Mini,
CA; D.G. Hinks, Y. Zheng, A.W. Mitchell, Argonne National Laboratory, Materials
Argonne National Laboratory, Argonne, IL; Science Division, Argonne, IL; M. Faiz, Y.
T.J. Folkerts and R.N. Shelton, University Zhou, University of Illinois at Chicago,
of California-Davis, Department of Physics, Chicago, IL; and J.Z. Liu, Northwestern
Davis, CA. university, Evanston, IL.

4:00 M6.8 7 BAND DISPERSION AND THE FERMI
MAGNETIZATION MEASUREMENTS OF 5 Lm SURFACE OF YBa Cu306. 9 , J.C. CaMpuzano, G.
Ba0 .6 K0 .4 BiO 3 CRYSTALS: APPROACH TO INTRIN- Jennings, M. Faiz, L. Beaulaigue, B.W. Veal,
SIC BEHAVIOR WITH DECREASING SIZE? G.S. A.P. Paulikas, J.Z. Liu, H. Claus and K.
Grader, A.F. Hebard and L.F. Schneemeyer, Vandervoort, Argonne National Laboratory,
AT&T Bell Laboratories, Murray Hill, NJ. Materials Science Division, Argonne, IL;

A.J. Arko, R.S. List, R.J. Bartlett and S.W.
4:15 K6.9 Cheong, Los Alamos National Laboratory, Los

HIGH TEMPERATURE NEUTRON DIFFRACTION STUDY Alamos, NM; C.G. Olson, A.B. Yang, R. Liu
OF THE FORMATION REACTION OF BISMUTH SUPER- and C. Gu, Ames National Laboratory, Ames,
CONDUCTORS, M.F. Garbauskas, R.H. Arendt, IA.
General Electric Company, Corporate Research
and Development, Schenectady, NY; J.D. M7.4 HIGH TEMPERATURE CERAMIC SUPERCON-
Jorgensen and R.L. Hitterman, Argonne Na- DUCTORS AND EXACT SOLUTIONS OF THE NON-
tional Laboratory, Argonne, IL. LINEAR LANDAU-GINZBURG EQUATIONS, Jack A.

Tuszvnski, University of Alberta, Edmonton,
4:30 X6.10 Canada; and John M. Dixon, University of

MODELS FOR OXYGEN ORDERING AND DIFFUSION IN Warwick, Coventry, United Kingdom.
Ba2YCu 3OX AND Ba2 YCu 3 _vMyO (M=Fe,Co,Al,Ga),
A. Santoro, National nstitute of Standards M7. HOLE CONCENTRATION AND SUBSTITU-
and Technology, Reactor Radiation Division, TIONAL DISORDER IN COMPENSATION DOPED NdBa2 -
Gaithersburg, MD. Cu3Oy, T. Penney, M.W. Shafer and B.L.

Olson, IBM T.J. Watson Research Center,
4:45 M6.11 Yorktown Heights, NY.
INFRA-RED INVESTIGATIONS ON THE LATTICE
INSTABILITY OF SINGLE PHASE (Bi,Pb)2 Sr2 Ca2 - X7.6 ELECTRONIC STRUCTURES OF Ga- AND
CU3Ol0+x SUPERCONDUCTING CERAMIC, He Zn- SUBSTITUTED YBa 2 Cu3O7 SUPERCONDUCORS,
Aisheng, North University of Technology, Yorg-nian Xu and W.Y. Ching, University of
Physics Department, Beijing, China; Zhang Missouri-Kansas City, Department of Physics,
Jincang, Chang Fanggao, Henan Normal Univer- Kansas City, MO; and K.W. Wong, University
sity, Physics Department, Xinxiang, China; of Kansas, Department of Ph'sics and Astron-
Xiang Jiong and kieYusheng, Tsinghua Univer- omy, Lawrence, Kansas.
sity, Physics Department, Beijing, China.
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M7.7 STUDIES OF THE ELECTRONIC STRUCTURE M7.14 FLUX PINNING AND WEAK LINK STRUC-
OF HTSC AND RELATED COMPOUNDS BY X-RAY TURE IN Ca2CU1O 3 DOPED LnBa2Cu3O._ (Ln=La,
PHOTOELECTRON SPECTROSCOPY, S. Mvhra, A.E. Y), Fumio Mizuno, Hiromu Masuda, Izumi
Bocquet, J.F. Dobson and P.C. Healy, Grif- Hirabayashi and Shoji Tanaka, Superconduc-
fith University, Division of Science and tivity Research Laboratory, Nagoya Division,
Technology, Queensland, Australia; P. Nagoya, Japan.
Goodman and T.J. White, Melbourne Univer-
sity, School of Physics, Victoria, Aus- K7.15 EASILY ACTIVATED FLUX CREEP AND
tralia; A.M. Stewart, Australian National ANISOTROPIC FLUCTUATION IN NdCeCuO THIN
University, Research School of Physics, ACT, FILMS, S. Hatta, S. Hayashi, H. Adachi and
Australia; J.G. Thompson, Australian Nation- K. Wasa, Matsushita Electric Industrial
al University, Research School of Chemistry, Company, Ltd., Central Research Labora-
ACT Australia. tories, Osaka, Japan.

M7.8 THE EFFECT OF MAGNETIC FIELD ON THE 47.16 MAGNETIZATION AND FLUX BEHAVIOUR OF
CRITICAL CURRENT DENSITY OF BULK SUPERCON- YBa2Cu307_ SUPERCONDUCTING RINGS, Shoichi
DUCTING WIRES, M.T. Lanagan, U. Yok_ m, Nenji Shimohata, Toshie Ushijima
Balachandran, C.A. Youngdahl, J.T. Dusek, and Tadatoshi Yamada, Mitsubishi Electric
J.J. Picciolo and R.B. Poeppel, Argonne Corporation, Central Research Laboratory,
National Laboratory, Materials and Com- Hyogo, Japan.
ponents Department, Argonne, IL.

N7.17 VORTEX STRUCTURE: LATTICE, GLASS,
H7.9 SANDWICH EXCITONS AS THE MECHANISM OR LIQUID? Robert J. Soulen Jr. and S.A.
OF SUPERCONDUCTIVITY IN CUPRATES AND BIS- Wolf, Naval Research Laboratory, Supercon-
MUTHATES, Brent A. Richert, U.S. Air Force ducting Materials Section, Washington, DC.
Academy, Department of Physics, Colorado
Springs, CO; Ewald Schachinger, Technische N7.18 THE UPPER CRITICAL MAGNETIC FIELD
Universitat Graz, Institut fur Theoretische OF SUPERCONDUCTING YBa2 (CUl1xNix)3 07, Youwen
P)ysik, Graz, Austria; and Roland E. Allen, Xu, A.R. Moodenbaugh and M. Suenaga, Brook-
'exas A&M University, Department of Physics, haven National Laboratory, Material Science
2ollege Station, TX. Division, Upton, NY.

K71 AC SUSCEPTIBILITY STUDIES OF THE M7.19 FLUX LATTICE MELTING IN ANISOTROPIC
HIGH Tc SUPERCONDUCTORS: DISSIPATIVE EFFECTS HIGH Tc SUPERCONDUCTORS, R.S. Markiewicz,
IN THE LA2 _SRxCUO4 -y AND YBA2CU30 7 y SYS- Northeastern University, Physics Department
TEMS, Xinshena Ling, Mark Filipkowski, and Barnett Institute, Boston, MA.
Joseph I. Budnick, University of Connec-
ticut, Department of Physics and Institute M7.20 HIGH TEMPERATURE DEFECT CHEMISTRY
of Materials Science, Storrs, CT. OF UNDOPED AND Ce-DOPED Nd2 CuO 4 , D.J.L.

iQng, A. Mehta and D.M. Smyth, Lehigh Uni-
M7.11 TRANSPORT CRITICAL CURRENT OF versity, Whitaker Lab #5, Materials Research
SINTERED YBa2 Cu3Ox IN TIME-VARYING MAGNETIC Center, Bethlehem, PA.
FIELDS, P.D. Hambourger, J. DiCillo, M.
Gibberman, J. Marino, L.P. Valek, Cleveland N7.21 TRANSPORT AND DIAMAGNETIC PROPER-
State University, Department of Physics, TIES OF 2:2:1:2 AND 2:2:2:3 (Bi,Pb)-Sr-Ca-
Cleveland, OH; and Michael A. Centanni, Cu-O SUPERCONDUCTING MATERIALS, R. Ib~hez,
Ferro Corporation, Independence, OH. M.J. Sanchis, F. Sapifa, D. Beltran, A.

Beltran, UICBM, Universitat de Valencia,
M7,12 INFLUENCE OF METALLIC SILVER IN- Dpt. Quimica Inorg~nica, Valencia, Spain; C.
FILTRATION ON THE MICROSTRUCTURE AND TRANS- Rillo, J. Bartolom6, F. Lera, R. Navarro,
PORT PROPERTIES OF YBaCuO, L. R2 ndt, M. 1CMA, CSIC-Universidad de Zaragoza,
Cassart, A. Vandenbosch, F'. Delannay and Zaragoza, Spain; G.F. de la Fuente,
J-P. Issi, Universit6 Catholique de Louvain, Fibertek, Inc., Materials Department,
UnitA de Physico-Chimie et de Physique des Herndon, VA.
Materiaux, Louvain-la-Neuve, Belgium.

X7.22 CRITICAL CURRENT DENSITIES IN
N7.13 COMPARISON OF FLUX DYNAMICS IN TWO Bi2 Sr 2 CaCu2OP+d, Shunji Nomura, Yutaka
SAMPLES OF YBa 2Cu 307 WITH DIFFERENT PINNING, Yamada, Tomohisa Yamashita, Eriko Yoneda,
M. Turchinskaya, L.H. Bennett, L.J. Hisashi Yoshino and Ken Ando, Toshiba Cor-
Swartzendruber, A. Roitburd, C.K. Chiang, M. poration, Research and Development Center,
Hill, J.E. Blendell, National Institute of Kawasaki, Japan.
Standards and Technology, Gaithersburg, MD;
and K. Sawano, Nippon Steel Corporation,
Kawasaki, Japan.
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M7.23 CORRELATIONS BETWEEN THE Cu-O M7.3 THE SEARCH FOR VERY HIGH TEMPERA-
BONDING STATES AND THE SUPERCONDUCTIVITY, TURE SUPERCONDUCTIVITY IN THE TITANIUM
S.C. Hap_ Shanghai Institute of Metallurgy, BORIDE SYSTEM, Brian S. Ahern, Steven
Chinese Academy of Sciences, Shanghai, Bachowski, Rome Air Development Center,
China and Xsirius Superconductivity, Inc., Electronic Materials Division, Hanscom AFB,
Scottsdale, AZ; D.Z. Liu, Shanghai Institute MA.
of Testing Technology, Shanghai, China; X.
X.M. Xie, Z.L. Wu, Shanghai Institute of M7.31 EFFECTS OF OXYGEN STOICHIOMETRY ON
Metallurgy, Chinese Academy of Sciences, THE MAGNETIC ORDERING OF La2NilyCUyO4 +X, J.
Shanghai, China; and G.C. Huth, Xsirius Zhao and M.S. Seehra, West Virginia Univer-
Superconductivity, Inc., Scottsdale, AZ. sity, Physics Department, Morgantown, WV;

A. F. Hep and J.R. Gaier, NASA Lewis Re-
47.24 CRITICAL CURRENT AND PROCESSING search Center, Cleveland, OH; and R.M.
TEMPERATURE IN ALIGNED SINTERED COMPACTS OF Richman, Mount St. Mary's College, Science
YBa 2 Cu 3O 7 -d J.E. Tkaczyk, K.W. Lay, GE Department, Emmitsburg, MD.
Corporate R&D Schenectady, NY.

N7,32 THE TRANSPORT PROPERTIES AND DEFECT
M7.25 GROWING OF Nd2_xCexCuOy SINGLE- CHEMISTRY OF (Lal_xSrx)2Cu04-6, Ming-Jinn
CRYSTALS BY A FLUX METHOD, S. Pinol and C. Tsai, Elizabeth J. Opila and Harry L.
Miravitlles, ICMB-CSIC, Barcelcna, Spain; J. Tuller, Massachusetts Institute of Technol-
Fontcuberta, Universitat de Barcelona, ogy, Department of Materials Science and
Department Fisica Fonamental, Barcelona, Engineering, Cambridge, MA.
Spain; and D. Paul, University of Warwick,
Department of Physics, Coventry, United H73 SUPERLATTICE MODULATION IN Nd 2CuO 4
Kingdom. AND THE ELECTRON-DOPED SYSTEMS Nd2_xCexCuO 4

AND Nd2 CUO 4 _xFx, C.H. Chen, D.J. Werder,
M7.26 MAGNETIC AND PHONON SCATTERING IN A.C.W.P. James, D.W. Murphy, S. Zahurak,
Nd2 _xCexCuO 4 _6 : NORMAL STATE AND SUPERCON- R.M. Fleming, B. Batlogg and L.F.
DUCTING PROPERTIES, J.L. Peng, R.N. Shelton, Schneemeyer, AT&T Bell Laboratories, Murray
University of California, Davis, Department Hill, NJ.
of Physics, Davis, CA; and H.B. Radousky,
Lawrence Livermore Laboratory, Livermore, M7.34 La2 _xBaxSrl.xYxCU20 6 AND M 2SrCu 2O 6
CA. (M=Pr AND Nd); NEW LAYERED COPPER-OXIDES

WITH THE La2 SrCu2O 6  STRUCTURE, Eric A.
M7.27 SEMICONDUCTOR-METAL-SUPERCONDUCTOR HL ri, Brookhaven National Laboratory,
TRANSITIONS IN UNDOPED AND Ce-DOPED Nd2CuO 4 , Chemistry Department, Upton, NY.
A. Mehta, D.J.L. Hong and D.M. Smyth, Lehigh
University, Whitaker Lab #5, Materials M7,35 THE STRUCTURE OF THE 50K SUPERCON-
Research Center, Bethlehem, PA. DUCTOR (Yl-xCax)Ba2Cu30 6+6 (6<0.2), John B.

Parise, State University of New York at
M7.28 ANISOTROPIC THERMAL CONDUCTIVITY OF Stony Brook, Earth and Space Sciences, Stony
SUPERCONDUCTING LANTHANUM CUPRATE, D.T. Brook, NY; and Eugene M. McCarron III, E.I.
Mrlli, G.L. Doll and J.P. Heremans, duPont de Nemours and Co., Inc., Central
General Motors Research Laboratories, Research and Development Department, Ex-
Physics Department, Warren, MI; M.S. perimental Station, Wilmington, DE.
Dresselhaus, A. Cassanho, D.R. Gabbe and
H.P. Jenssen, Massachusetts Institute of M7.36 Ndl. 8 5 _.BixCeo. 1 5CuO 4 _6 :PREPARATION
Technology, Center for Materials Science and AND PROPERTIES, M. Greenblatt, J.G. Lee and
Engineering, Cambridge, MA. K.V. Ramanujachary, Rutgers University,

Chemistry Department, New Brunswick, NJ.
M7.29 INFRARED AND RAMAN SPECTROSCOPY OF
PHONONS IN (Nd/Pr)2CuO 4 AND (Ca0 .86Sr0 .1 4 )- M7,2 STRUCTURAL ANALYSIS OF Nd2 _xCexCuO4
CuO 2 , M.K. Crawford, E. I. duPont de Nemours (x=0.15) SUPERCONDUCTORS, Djei Li, M.Y. Su
and Co., Inc., Corporate Research and and L.D. Marks, Northwestern University,
Development Department, Experimental Science and Technology Center for Supercon-
Station, Wilmington, DE; Gerald Burns, IBM ductivity, Department of Materials Science,
T.J. Watson Research Center, Yorktown Evanston, IL; B. Krause, Northern Illinois
Heights, NY; E.M. McCarron, E. I. duPont de University, Department of Physics, Dekalb,
Nemours and Co., Inc., CR&D Department, IL.
Experimental Station, Wilmington, DE; G.V.
Chandrasekhar, IBM T.J. Watson Research
Center, Yorktown Heights, NY; W.E. Farneth,
E. I. duPont de Nemours and Co., Inc., CR&D
Department, Experimental Station, Wil-
mington, DE; T.M. Shaw, IBM T.J. Watson
Research Center, Yorktown Heights, NY.
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M7.38 SUPERCONDUCTING AND STRUCTURAL M7.46 ROUTES TO OXIDE FILMS FOR THE
PROPERTIES OF (Bal-xKx) (Bil.yMy)O3 SYSTEM PROTECTION OF CUPRATE SUPERCONDUCTORS,
(M=Tl, Pb and Sb), B. Dabrowskf, D.G. Hinks, Ronald H. Baney, Debora F. Bergstrom, Dow
S. Pei, J.D. Jorgensen, D.R. Richards, Y. Corning Corporation, Electronics Research
Zheng, C.W. Kimball and A.W. Mitchell, Department, Midland, MI; Leslie E. Car-
Argonne National Laboratory, Materials penter, Donald R. Petersen, Dow Corning
Science Division, Argonne, IL. Corporation, Process Engineering Department,

Midland, MI; Dennis F. Elwell, Andrew A.
M7.__ THERMODYAMIC PROPERTIES OF OXYGEN Shapiro and Paul F. Fleishner, Hughes Air-
IN YBa2 Cu3Ox, P. Meuffels and R. Naeven, craft Company, Microelectronic Circuits
Institut fdr Festkdrperforschung, Julich, Department, Newport Beach, CA.
West Germany.

N7.47 Ag-YBa2 Cu3O 7 POWDER GENERATION BY
M7_40 LOW TEMPERATURE BEHAVIOR OF YBa?- AEROSOL DECOMPOSITION, Toivo T. Kodas, Altaf
Cu306+2x PHASE DIAGRAM, Rvoichi Kikuchi, H. Carim, University of New Mexico, Center
UCLA, Materials Science and Engineering, Los for Micro-Engineered Ceramics, Farris En-
Angeles, CA; and Jae-Sung Choi, University gineering Center, Albuquerque, NM; and Kevin
of Washington, Washington Technology Center, Ott, Los Alamos National Laboratory, Ex-
Materials Science and Engineering, and ploratory Research and Development Center
Advanced Materials Technology Program, for High Temperature Superconductors, Los
Seattle, WA. Alamos, NM.

M7.41 GROWTH, ANNEAL AND PROPERTIES OF K7.48 CONTROL OF MICROSTRUCTURES AND
SINGLE CRYSTAL YBa2 Cu30 x , Jinawen Zhana, GRAIN BOUNDARY PHASES IN THE MBa2 Cu3O 7 _,
Ping Wang, Academia Sinica, Institute of SYSTEMS, A.I. Kingon, C. Davis, M. Lawrence,
Chemistry, Beijing, China; and Zhongxian T. Hare, C.C. Koch and D.G. Haase, North
Zhao, Academia Sinica, Institute of Physics, Carolina State University, Department of
Beijing, China. Materials Science and Engineering, Raleigh,

NC.
M7.42 OXYGEN EVOLUTION FROM YBa 2 Cu3 07_6
SUPERCONDUCTING POWDERS GENERATED BY AEROSOL K7.49 EFFECT OF PURITY OF RAW MATERIALS
ROUTES, Pratim Biswas and Derong Zhou, AND PROCESSING ON THE MICROSTRUCTURE AND
University of Cincinnati, Dept. of Civil and PROPERTIES OF HIGH TC YB2Cu 3 07_ 6 , Ph. Dumas
Environmental Engineering, Cincinnati, OH; and J.A.T. Taylor, New York State College of
Jeff Grothaus, Procter and Gamble, Cincin- Ceramics at Alfred University, Ceramics
nati, OH; Punit Boolchand and Darl McDaniel, Engineering, Alfred, NY.
University of Cincinnati, Department of
Electrical Engineering, Cincinnati, OH. 147.50 SYNTHESIS OF 1-2-3 POWDER BY SPRAY
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TIVE CO-EVAPORATION, K. Yoshikawa, T. Satoh, sity, Physics Department, Piscataway, NJ; J.
N. Sasaki and M. Nakano, Fujitsu Ltd., Kawa- Barner and T. Venkatesan, Bellcore, Red
saki, Japan. Bank, NJ.

M7.200 HIGH-Tc SUPERCONDUCTING Bi-(Pb-)Sr- M7.209 STRUCTURAL AND SUPERCONDUCTING
Ca-Cu-O FILMS DEPOSITED BY PULSED Nd:YAG PROPERTIES OF YBCO THIN FILMS ON Zr(Y)0 2
LASER ABLATION, J. Levoska, J. Hagberg, P. SUBSTRATES, 0. T.Li, Rutgers University,
Pusa, A. UusimAki and S. Lepp~vuori, Univer- Physics Department, Piscataway, NJ; G.
sity of Oulu, Microelectronics Laboratory, Linker, J. Geerk, 0. Meyer, Kernforschungs-
Oulu, Finland. zentrum Karlsruhe, Institute fuer Nukleare

Festkoeperphysik, Karlsruhe, West Germany;
N7.201 IN SITU REACTIVE SPUTTER DEPOSITION and X.X. Xi, Rutgers University, Physics
OF SUPERCONDUCTING Bi-Sr-Ca-Cu-O THIN FILMS Department, Piscataway, NJ.
ON SILICON SUBSTRATES, M. Mialiuolo, D.W.
Greve, T.E. Schlesinger, Carnegie Mellon M7.210 ANNEALING BEHAVIOR OF Ba2YCu3+,O7 +y
University, Department of Electrical and THIN FILMS, T. Siegrist and E. Coleman, AT&T
Computer Engineering, Pittsburgh, PA; J.A. Bell Laboratories, Murray Hill, NJ.
Brewer, R.M. Belan, Kurt J. Lesker Company,
Clairton, PA. 37.211 PROPERTIES OF THIN FILMS OF YBa2 -

Cu3 07 PREPARED BY COEVAPORATION OF Y, Cu AND
M2.202 IN-SITU AND POST ANNEALED SUPERCON- BaF 2 , I.D. Raistrick, D.N. Sinha, F.H.
DUCTING THIN FILMS OF BiSrCaCuO BY PULSED Garzon, J.G. Beery and D.K. Wilde, Los
LASER DEPOSITION, L. DiDomenico and X.D. Wu, Alamos National Laboratory, Los Alamos, NM.
Rutgers Up'versity, Physics Department,
Piscataway, NJ; T. Venkatesan, Bellcore, Red
Bank, NJ.
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7.212 EFFECT. OF BUFFER LAYERS ON THE M7.22 INVESTIGATION OF POTENTIAL DIF-
SUPERCONDUCTING PROPERTIES OF YBCuO FILMS ON FUSION BARRIERS BETWEEN YBa2 Cu30 7 _x AND
METALLIC SUBSTRATES, S. Witanachchi, J. SILICON, A. Lubig, Ch. Buchal and B.
Chang, Y.Z. Zhu, S. Patel and D.T. Shaw, Stritzker, Institut fur Schicht-und Ionen-
State University of New York at Buffalo, technik, Julich, West Germany.
Institute on Superconductivity, Buffalo, NY.

7.222 EPITAXIAL AND SUPERCONDUCTING
M7.213 INTERFACES IN THIN FILM HIGH-Tc PROPERTIES OF YiBa 2 Cu307_x FILMS ON FIVE
SUPERCONDUCTORS, Lisa A. Tietz, M. Grant PEROVSKITE SUBSTRATES, R. Feenstra, J.D.
Norton and C. Barry Carter, Cornell Univer- Budai, S.J. Pennycook, M.F. Chisholm, M.D.
sity, Department of Materials Science and Galloway, D.K. Christen, D.P. Norton, J.W.
Engineering, Ithaca, NY. McCamy, D.H. Lowndes and L.A. Boatner, Oak

Ridge National Laboratory, Oak Ridge, TN.
M7.214 OXYGEN RESONANCE STUDY IN YBaCuO
HIGH-Tc FILMS, Hiroki Kuwano, Jian Li, Peter M7.223 THE INTERFACE BETWEEN SILVER CON-
Revesz, James W. Mayer, Cornell University, TACTS AND HIGH Tc SUPERCONDUCTORS, M
Materials Science and Engineering, Ithaca, McConnell and W.G. Morris, General Electric
NY; Yasuhiro Nagai, Nippon Telegraph and Company, Research and Development, Schenec-
Telephone Corporation, NTT Applied Elec- tady, NY.
tronics Laboratories, Tokyo, Japan.

M7,24 STUDY OF EPITAXY OF YBa2Cu3O7-x BY
M7.215 LINE BROADENING ANALYSES OF VARI- THERMAL REGROWTH OF ION IMPLANTED AMORPHOUS
OUSLY PREPARED YBaCuO SUPERCONDUCTING FILMS, LAYERS, J.A. Martinez, UNLP, Department de
M. and R.W. Vook, Syracuse University, Fisica, Argentina; A. Inam and X.D. Wu,
Physics Department, Syracuse, NY; John P. Rutgers University, Physics Department,
Allen, CVC Products, Inc., Rochester, NY. Piscataway, NJ; B. Wilkens, N.G. Stoffel, D.

Hart, D.M. Hwang, L. Nazar and T.
M7.216 CATION INTERDIFFUSION AT YBCO/MgO Venkatesan, Bellcore, Red Bank, NJ.
INTERFACES, M. Lanham, J. Mayer, S.J.
Golden, A.G. Evans, University of Califor- M7.225 VERY LOW RESISTANCE ELECTRICAL
nia, Materials Department, Santa Barbara, CONTACTS TO TI-BASED HIGH Tc FILMS, J.F.
CA; and M. Ruhle, Max-Planc Institute, Ewa, R.P. Hellmer, T.R. Castillo, R. Padil-
Metallforschung Department, Stuttgart, West la and D.S. Ginley, Sandia National Labora-
Germany. tories, Division 1152, Albuquerque, NM.

M7.217 MICROSTRUCTURE OF Y-Ba-Cu-O THIN 7.226 MEASUREMENTS OF SURFACE RESISTANCE
FILMS GROWN ON SINGLE CRYSTAL SrTiO3 , Siu- OF HTS THIN FILMS FROM 0.5 TO 40 GHz, J.
Wai Chan, D.M. Hwang and S.M. Sampere, Steinbeck, Hanscom Air Force Base, RADC/-
Bellcore, Red Bank, NJ. EEAC, Hanscom, MA; D.E. Oates and A.C.

Anderson, Massachusetts Institute of Tech-
N7.218 XPS ANALYSIS OF Y-Ba-Cu-O AND Zr-O nology, Lincoln Laboratory, Lexington, MA.
THIN FILMS AND INTERFACES WITH SILICON SUB-
STRATES, D.B. Fenner, Xerox Palo Alto Re- X7227 ELECTRIC-FIELD MODULATION OF A Bi-
search Center, Palo Alto, California and Sr-Ca-Cu-O FILM WITH A PLASMA POLYMERIZED
Santa Clara University, Physics Department, FILM AS AN INSULATOR, Shin'ichi Morohashi,
Santa Clara, CA; A.M. Viano, Santa Clara Hiedo Suzuki, Kohtaroh Gotoh, Norio Fujimaki
University, Physics Department, Santa Clara, and Shinya Hasuo, Fujitsu Laboratories
California and Xerox Palo Alto Research Limited, Atsugi, Japan.
Center, Palo Alto, CA; J.B. Boyce and G.A.N.
Connell, Xerox Palo Alto Research Center, M7.228 RESISTANCE TRANSITIONS OF ION-BEAM
Palo Alto, CA. THINNED YBa2 Cu3O 7 FILMS - AN APPROACH TO THE

LIMITING THICKNESS OF ONE LATTICE CONSTANT,
M7.219 THE INFLUENCE OF THE SUBSTRATE A.F. Hebard, R.H. Eick, T. Siegrist and E.
SURFACE ON THE NUCLEATION AND GROWTH OF Coleman, AT&T Bell Laboratories, Murray
SUPERCONDUCTING THIN FILMS, S. Basu, N. Hill, NJ.
Bordes, M. Cohen and M. Nastasi, Los Alamos
National Laboratory, Los Alamos, NM. 7. 1 229 TRANSPORT MEASUREMENTS ON SUPERCON-

DUCTING YBa 2Cu3O7 LINES, STEP EDGE STRUC-
N7.220 MICROSTRUCTURES OF Y123 FILMS ON TURES, AND ION BEAM DAMAGED LINES, Brian
SrTiO 3 AND LaGaO 3 , T. Roy, T.E. Mitchell and Moecklv, Daniel K. Lathrop, Gregory F.
I.D. Raistrick, Los Alamos National Labora- Redinbo, Stephen E. Russek, R.A. Buhrman,
tory, Los Alamos, NM. Cornell University, Department of Applied

and Engineering Physics, Ithaca, NY.
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N7.230 CRITICAL CURRENT DENSITY OF NARROW M7.238 INFLUENCE OF METALLIC SILVER IN-
SUPERCONDUCTING THIN FILMS FABRICATED BY FILTRATION ON THE MICROSTRUCTURE AND TRANS-
LASER ABLATION TECHNIQUES, L.W. Song, Y.H. PORT PROPERTIES OF YBaCuO, L. Rvelandt, M.
Kao, Q.Y. Ying, J.P. Zheng, H.S. Kwok, Y.Z. Cassart, A. Vandenbosch, F. Delannay and
Shu and D.T. Shaw, State University of New J-P. Issi, Universitd Catholique de Louvain,
York, Department of Physics, Buffalo, NY. Unite de Physico-Chimie et de Physique des

Matdriaux, Louvain-la-Neuve, Belgium.
147.231 MAGNETIC EFFECT ON LOW-RESISTIVITY
METAL-HIGH TC SUPERCONDUCTOR CONTACTS, 7 HIGH Tc SUPERCONDUCTOR FIBERS FROM
Yonhua Tzeng, Mitch Belser, Auburn Univer- METALLO-ORGANIC PRECURSORS, K.C. Chen and
sity, Department of Electrical Engineering, K.S. Mazdiyasni, General Atomics, Department
Auburn, AL. of Defense Materials, San Diego, CA.

M7.232 WET CHEMICAL ETCHING OF HIGH-TEM- 47.240 FORMATION OF SPUTTERED Y-BA-CU-O
PERATURE SUPERCONDUCING FILMS IN EDTA SOLU- SUPERCONDUCTING THIN FILM ON METAL SUB-
TION, F.K. Shokoohi, L.M. Schiavone, Bell- STRATE, H. Hayakawa, Y. Iijima, N. Sadakata
core, Quantum Structure Research Department, and 0. Kohno, Fujikura Ltd., Tokyo Labora-
Red Bank, NJ; C.T. Rogers, Bellcore, Solid tory, Tokyo, Japan.
State Physics Research Department, Red Bank,
NJ; A. Inam, X.D. Wu, Rutgers University, (7.241 A MULTIFILAMENT SUPERCONDUCTING
Physics Department, Piscataway, NJ; L. Nazar WIRE OF Y-Ba-Cu-o, L.R. Motowidlo, G.M.
and T. Venkatesan, Bellcore, Red Bank, NJ. Ozeryansky, IGC, Advanced Superconductors,

Inc., Waterbury, CT; R.D. Blaugher, D.W.
M7.233 CHARACTERIZATION OF HIGH-TEMPERA- Hazelton, J.A. Rice, Intermagnetics General
TURE SUPERCONDUCTING MATERIALS IN Y-Ba-Cu-O Corporation, Guilderland, NY.
SYSTEMS, Hiroshi Kezuka, Tokyo Engineering
University, Department of Electronics, 17,242 110K SUPERCONDUCTING FIBERS OF
Tokyo, Japan; and Tomomi Masaki, Nippon [Bi,Pb(Sb)]2 Sr2Ca2Cu3OlO+x, Zhang Jincang,
Electronics Engineering College, Tokyo, Henan Normal University, Physics Department,
Japan. Xinxiang, China; He Aisheng, North Univer-

sity of Technology, Physics Department,
(7.234 YBa 2 Cu 3O 7 _x THIN-FILM dc SQUIDS Beijing, China; Hu Yujing, Xiang Jiong and
WITH FOCUSED ION BEAM FABRICATED WEAK-LINKS, He Yusheng, Tsinghua University, Beijing,
B. Dutta, Middlebury College, Physics De- China.
partment, Middlebury, VT; C.T. Rogers, A.
Scherer and T. Venkatesan, Bellcore, Red N7.243 COILS OF YBCO TEXTURED BY PARTIAL
Bank, NJ; X.D. Wu, Rutgers University, MELTING, Ningxia Tan, Antony J. Bourdillon,
Physics Department, Piscataway, NJ. State University of New York at Stony Brook,

Department of Materials Science and
N7.235 FABRICATION AND PROPERTIES OF Engineering, Stony Brook, NY; and N.
HETERO-EPITAXIAL MULTILAYER STRUCTURES OF Savvides, CSIRO, Division of Applied Phys-
METAL-OXIDE SUPERCONDUCTORS, H. Dorsett, A. ics, Sydney, Australia.
Inam and X.D. Wu, Rutgers University, Phy-
sics Department, Piscataway, NJ; C.T. Rogers X2.7244 THERMAL ANNEALING STUDY OF HIGH-Tc
and T. Venkatesan, Bellcore, Red Bank, NJ. YBaCuO AND BiSrCaCuO SUPERCONDUCTING WIRES,

Y.D. Yao, Academia Sinica, Institute of
7236 IONIZING RADIATION EFFECTS ON THIN Physics, Taipei, Taiwan, China; J.W. Chen,
FILM TEMPERATURE SUPERCONDUCTORS, Steven D. National Taiwan University, Department of
Mittleman, Barry A. Kirby, Alvin J. Drehman, Physics, Taipei, Taiwan, China; Y.Y. Chen,
Bruce L. MacDonald, Robert J. Andrews, W.S. Pern, Academia Sinica, Institute of
Michael N. Alexander, Rome kir Development Physics, Taipei, Taiwan, China; I.N. Lin,
Center, Solid State Sciences Directorate, P.C. Yao, S.J. Yang and S.E. Hsu, Chung Shan
Hanscom AFB, MA. Institute of Science and Technology, Mate-

rials Research and Development Center, Lung-
N7.237 FABRICATION OF HIGH Tc SUPERCON- Tan, Taiwan, China.
DUCTING COMPOSITE STRUCTURES, D.T. Shaw, S.
Patel, J. Chang, S. Witanachchi, Y.Z. Zhu, N7.245 STUDIES ON MICROSTRUCTURE - PROPER-
L. Song and Y.H. Kao, State University of TY RELATIONSHIP OF YBa2Cu30 7 _x + Ag COM-
New York at Buffalo, Institute on Supercon- POSITE WIRE, S. Samajdar and S.K. Samanta,
ductivity, Buffalo, NY. The University of Michigan, Plasticity

Laboratory, Department of Mechanical En-
gineering and Applied Mechanics, Ann Arbor,
MI.
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(7.246 MICROWAVE PROPERTIES OF HIGH QUAL- M7.253 THE ROLE OF STRUCTURAL DEFECTS IN
ITY Y-Ba-Cu OXIDE THIN FILMS FROM 1-100 GHz, FLUX PINNING AND HIGH J IN THIN FILM Y-Ba-
A. Inam and X.D. Wu, Rutgers University, Cu-O SUPERCONDUCTORS, R. Ramesh, D. M.
Physics Department, Piscataway, NJ; L. Nazar Hwang, A. Inam, P. England and T.
and T. Venkatesan, Bellcore, Red Bank, NJ. Venkatesan, Bellcore, Red Bank, NJ.

M7.247 MICROSTRUCTURE AND FLUX PINNING M7.254 ELECTRON MICROSCOPY OF (Bi,Pb)-Sr-
CHARACTERISTICS OF HIGH-Tc SUPERCONDUCTING Ca-Cu-O WIRES WITH VARYING SINTER TIME, Y.
TAPE PREPARED BY THE DIRECTIONAL MELT-GROWTH eng, R.E. Smallman, I.P. Jones, F.
TECHNIQUE, M. Okada, R. Nishiwaki, T. Mat- Wellhofer, University of Birmingham, Super-
sumoto, T. Kamo, K. Aihara and S. Matsuda, conductivity Research Group and School of
Hitachi Ltd., Hitachi Research Laboratory, Metallurgy and Materials, Birmingham, United
Ibaraki, Japan; and M. Seido, Hitachi Cable Kingdom; N. McN. Alford, and T.W. Button,
Ltd., Metal Research Laboratory, Ibaraki, ICI Advanced Materials, Cheshire, United
Japan. Kingdom.

M7.248 REPRODUCIBLE, LARGE-SCALE PRODUC- M7.255 FIELD AND TEMPERATURE-DEPENDENT
TION OF THALLIUM-BASED HIGH TEMPERATURE SUSPENSION STUDIES OF HIGH TEMPERATURE
SUPERCONDUCTORS, R.L. Gay, D. Stelman, J.C. SUPERCONDUCTORS, S.A. Solin, Michigan State
Newcomb, J.M. Pechenik and L.F. Grantham, University, East Lansing, MI and NEC
Rockwell International, Rocketdyne Division, Research Institute, Princeton, NJ; and Y.
Canoga Park, CA. Huang, Michigan State University, East

Lansing, MI.
47.249 FABRICATION OF Bi 2Sr 2CanCun+lOx
THIN FILMS BY LASER ABLATION, J. Chang, S. M7.256 X-RAY DIFFRACTION STUDY OF THE
Witanachchi, S. Patel and D.T. Shaw, State CRYSTALLIZATION PROCESS OF HIGH Tc SUPERCON-
University of New York at Buffalo, Institute DUCTING Bi-GLASS CERAMICS, Winnie Wong-Ng,
on Superconductivity, Buffalo, NY. Chwan K. Chiang, Stephen W. Freiman and

Lawrence P. Cook, National Institute of
M7.250 FORMATION OF 2223 PHASE IN Bi(Pb)- Standards and Technology, Gaithersburg, MD.
Sr-Ca-Cu-O SYSTEM DURING ANNEALING PROCESS,
Chen Liquan, Huang Zuwei, Huang Yuzhen, Bi M7.257 ON THE IMPROVEMENT OF DyBa2Cu3O 7 _6
Jianqing, Ni Rongming and Zhao Zhong-xian, PROPERTIES THROUGH BETTER SINTERING, J.M.
Academia Sincia, Institute of Physics, Seuntjens and D.C. Larbalestier, University
Bijing, China. of Wisconsin, Applied Superconductivity

Center and Department of Material Science
(7.251 ROUTES TO HIGH Tc SUPERCONDUCTING and Engineering, Madison, WI.
Tl-Ba-Ca-Cu-O FILMS USING ORGANOMETALLIC
CHEMICAL VAPOR DEPOSITION, Darrin S. M7.258 SOME OBSERVATIONS OF THE EFFECTS OF
Richeson, Lauren M. Tonge, Northwestern HIGH PRESSURES AND TEMPERATURES ON THE
University, Department of Chemistry, STABILITY OF Y Ba2Cu307_x , R.K. Williams,
Evanston, IL; Jing Zhao, Jiming Zhang, K.B. Alexander, J. Brynestad, T.J. Henson,
Northwestern University, Department of D.M. Kroeger, G.C. Marsh and J.O.
Materials Science and Engineering, Evanston, Scarbrough, Oak Ridge National Laboratory,
IL; Henry 0. Marcy, Northwestern University, Oak Ridge, TN.
Department of Electrical Engineering and
Computer Science, Evanston, IL; Tobin J. SESSION M8: DISSIPATION
Marks, Northwestern University, Department Chairs: R. Koch and W. Skoepol
of Chemistry, Evanston, IL; Bruce W. Thursday Morning, November 30
Wessels, Northwestern University, Materials Salon G (M)
Science and Engineering Department,
Evanston, IL; and Carl R. Kannewurf, SYMPOSIUM M presentations
Northwestern University, Science and Tech- may be viewed simultaneously
nology Center for Superconductivity and the in the America Ballroom Lobby
Materials Research Center, Department of Westin Hotel.
Electrical Engineering and Computer Science,
Evanston, IL.

8:00 *ML.1
M7.252 EFFECT OF PROCESSING PARAMETERS AND CONSIDERATIONS LIMITING CRITICAL CURRENTS IN
POSTPROCESSING THERMAL CYCLING ON THE SUPER- HIGH TEMPERATURE SUPERCONDUCTORS, M.
CONDUCTING PROPERTIES OF Ag/YBa2 Cu307_, Tinkha , Harvard University, Department of
WIRES, Miguel A. Ocampo, Emilio Orgaz, Physics, Cambridge, MA.
Centro de Investigacidn y Desarrollo
COMDUMEX, Mbxico, Mxico; and Tatsuo Akachi,
Instituto de Investigaci6nes en Materiales,
UNAM, Mkxico, Mxico.
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8:30 M8. 2 SESSION M9: THIN FILM CHARACTERIZATION
FLUX MOTION AND DISSIPATION IN CUPRATE AND COMPOSITE MATERIALS
SUPERCONDUCTORS, B. Batlogg, T.T.M. Palstra Chairs: K. N. Tu and A. Dasgupta
and L.F. Schneemeyer, AT&T Bell Laborator- Thursday Afternoon, November 30
ies, Murray Hill, NJ. Salon G (M)

9:00 N8.3 SYMPOSIUM M presentations
HYSTERETIC DEPENDENCE OF CRITICAL CURRENT ON may be viewed simultaneously
APPLIED MAGNETIC FIELD AND MAGNETIC IRREVER- in the America Ballroom Lobby
SIBILITY LINE CROSSINGS IN POLYCRYSTALLINE Westin Hotel.
YBa2 Cu3O7 , Thomas R. Askew and Richard B.
Flippen, E. I. duPont de Nemours & Co.,
Inc., Central Research and Development 1:30 "19.1
Department, Wilmington, DE. ATOMIC SCALE CHARACTERIZATION OF DEFECTS AND

INTERFACES BY Z-CONTRAST STEM, S.J.
9:15 M8.4 Pennvcook, M.F. Chisholm, D.E. Jesson, R.

DISSIPATIVE EFFECTS OF VORTEX MOVEMENTS IN Feenstra, D. Mashburn, D.P. Norton, J.W.
YBa2 Cu3 07 MEASURED BY MAGNETOTHERMAL EF- McCamy and D.H. Lowndes, Oak Ridge National
FECTS, Izio Rosenman and Charles Simon, Laboratory, Oak Ridge, TN.
Universite Paris 7, Groupe de Physique des
Solides, Paris, France; Gaston Collin, 2:00 M9.2
Universitb Paris - Sud, Laboratoire de CHARACTERIZATION OF SUPERCONDUCTING
Physique des Solides, Orsay, France. YBaCu(F)O THIN FILMS WITH THREE DIFFERENT

ORIENTATIONS, X.K. Wang, D.X. Li, D.Q. Li,
9:30 18.5 Y.H. Shen, J.Q. Zheng, R.P.H. Chang and J.B.

CRITICAL CURRENTS IN THIN FILMS AND SINGLE Ketterson, Northwestern University, Mate-
CRYSTALS OF HIGH TEMPERATURE SUPERCONDUC- rials Research Center and Science and Tech-
TORS, P.H. Kes, Leiden University, Kamer- nology Center for Superconductivity, Evans-
lingh Onnes Laboratory, Leiden, The Nether- ton, IL.
lands.

2:15 M9.3
10:00 BREAK DIRECT OBSERVATION BY TRANSMISSION ELECTRON

MICROSCOPY OF THE EARLY STAGES OF GROWTH OF
10:15 *18.6 SUPERCONDUCTING THIN FILMS, M. Grant Norton,
ON THE RESISTIVE STATE OF HIGH TEMPERATURE Lisa A. Tietz, Scott R. Summerfelt and C.
SUPERCONDUCTORS IN MAGNETIC FIELD, Ya11iro Barry Carter, Cornell University, Department
lye, The University of Tokyo, The Institute of Materials Science and Engineering, Itha-
for Solid State Physics, Tokyo, Japan. ca, NY.

10:45 M8. 2:30 2.4
ELECTRICAL TRANSPORT DISSIPATION EFFECTS IN CHARACTERIZATION OF CROSS-SECTIONS OF
EPITAXIAL YlBa 2 Cu3O 7 _X  THIN FILMS, D.K. TlBaCaCuO THIN FILMS ON MgO SUBSTRATES BY
Christ=, C.E. Klabunde, Oak Ridge National ANALYTICAL AND HIGH RESOLUTION ELECTRON
Laboratory, Oak Ridge, TN; J.R. Thompson, MICROSCOPY, J. Mayer, M. Lanham, University
Oak Ridge National Laboratory, Oak Ridge, TN of California, Materials Department, Santa
and University of Tennessee, Knoxville, TN; Barbara, CA; T.W. James, Superconductor
H.R. Kerchner, S.T. Sekula, R. Feenstra and Technologies, Inc., Santa Barbara, CA; A.G.
J.D. Budai, Oak Ridge National Laboratory, Evans, University of California, Materials
Oak Ridge, TN. Department, Santa Barbara, CA; M. Rdhle,

Max-Planck-Institut fur Metallforschung,
11:00 H8.8 Stuttgart, West Germany.
LOW FIELD RESISTIVE BEHAVIOR OF Bi2Sr2CaCu2-
08, R.B. Van Dover, L.F. Schneemeyer and 2:45 M9.5
J.V. Waszczak, AT&T Bell Laboratories, GRAIN BOUNDARY MODELLING AND CORRELATIONS
Murray Hill, NJ. WITH CRITICAL CURRENT DEFECTS IN HIGH-Tc

SUPERCONDUCTORS, K. Jaaannadham and J.
11:15 X8.9 Narayan, North Carolina State University,
MAGNETIC RELAXATION IN Bi 2 Sr2 CaCu 2O8 +x Department of Materials Science and En-
SINGLE CRYSTALS, E. Agostinelli, P. Filaci, gineering, Raleigh, NC.
D_.,ior , A.M. Testa, C.N.R., I.T.S.E.,
Rome, Italy; G. Balestrino, Universita' di 3:00 LATE NEWS
Salerno, Dip. di Fisica, Salerno, Italy; P.
Paroli, II Universita' di Roma, Dip. 3:30 BREAK
d'Ingegneria Meccanica, Rome, Italy; J.
Tejada, Dep. de Fisica Fonamental, Bar-
celona, Spain.
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3:45 *M9.6 8:30 *
THE PREPARATION OF Bi 2Sr2CaCu20 8 FIBERS BY PROCESSING AND PROPERTIES OF Bi-Sr-Ca-Cu-
THE FLOAT ZONE PROCESS, Linda Moulton, Oxide SUPERCONDUCTING THIN FILMS, D.A.
Joseph Brenner, Stanford University, Materi- Rudman, Massachusetts Institute of Tech-
al Science Department, Stanford, CA; Perla nology, Department of Materials Science and
Peszkin, Robert S. Feigelson, Stanford Engineering, Cambridge, MA; J.T. Kucera,
University, Center for Materials Research, Massachusetts Institute of Technology,
Stanford, CA; and Dan Gazit, Nuclear Department of Physics, Cambridge, MA, M.M.
Research Center Negev, Beer Sheva, Israel. Matthiesen, Massachusetts Institute of

Technology, Department of Materials Science
4:15 159.7 and Engineering, Cambridge, MA; D.G. Steel,

110K Bi-Ca-Sr-Cu-O SUPERCONDUCTING FIBERS BY Massachusetts Institute of Technology,
GLASS-TO-CERAMIC PROCESS, Haixing Zheng, Yi Department of Physics, Cambridge, MA, L.M.
Hu, Yun-Seung Choi, Ren Xu, Patrick Lin and Rubin, Massachusetts Institute of Tech-
J.D. Mackenzie, University of California-Los nology, Department of Materials Science and
Angeles, Department of Materials Science and Engineering, Cambridge, MA; D.W. Face,
Engineering, Los Angeles, CA. Massachusetts Institute of Technology,

Center for Material Science and Engineering,
4:30 M. Cambridge, MA; J.M. Graybeal, Massachusetts

DEVELOPMENT OF A COMPOSITE TAPE CONDUCTOR OF Institute of Technology, Department of
Y-Ba-Cu-O, R.D. Blaugher, D.W. Hazelton, Physics, Cambridge, MA; T.P. Orlando,
J.A. Rice, Intermagnetics General Corpora- Massachusetts Institute of Technology,
tion, HiT Superconducting Materials, Guild- Department of Electrical Engineering and
erland, NY. Computer Science, Cambridge, MA.

4:45 M9.9 9:00 M10.3
PREPARATION OF HIGH Tc OXIDE SUPERCONDUCTING HIGH-Tc UNDOPED AND PB-DOPED BI-SR-CA-CU-O
TAPE BY RF MAGNETRON SPUTTERING, I. THIN FILMS PREPARED BY ORGANOMETALLIC CHEMI-
Fukutomi, Y. Tanaka, T. Asano, H. Maeda, CAL VAPOR DEPOSITION, J.M. Zhang, H.O.
National Research Institute for Metals, Marcy, L.M. Tonge, B.W. Wessels, T.J. Marks
Tsukuba Laboratories, Ibaraki, Japan; H. and C.R. Kannewurf, Northwestern University,
Takahara, Mitsui Mining and Smelting Company Center for High Temperature Superconduc-
Ltd., Central Research Laboratory, Saitama, tivity and Materials Research Center, Mate-
Japan. rials Science and Engineering, Evanston, IL.

5:00 N9.10 9:15 42.4
PROCESSING AND PERFORMANCE OF METAL-CERAMIC PREPARATION OF Bi-Sr-Ca-Cu-O SUPERCONDUCTING
FIBER REINFORCED HIGH TEMPERATURE SUPERCON- THIN FILMS BY MOCVD, Shinji Gohda and
DUCTOR, S. Salib, C. Vigulanandan, and T. Yasuhiro Maeda, Hoxan Corporation, Hoxan
Stone, University of Houston, Texas Center Research Laboratories, Sapporo, Japan.
for Superconductivity, Houston, TX.

9:30 M 0.5
5:15 X9.U1 THE SYNTHESIS OF THE HIGH-Tc PHASE OF Bi-Pb-

PREPARATION OF HIGH Tc Bi-Pb-Sr-Ca-Cu-O Ca-Sr-Cu-O THIN FILM BY SINGLE TARGET MAG-
SUPERCONDUCTING FIBER BY LASER HEATED PEDES- NETRON SPUTTERING, R.LJMf , Li Gao, P.H.
TAL GROWTH METHOD, K. Tomomatsu, A. Kume and Hor, Y.Y. Sun, Y.Q. Wang and C.W. Chu,
H. Tominaga, Fujkura Ltd., Tokyo Laboratory, University of Houston, Texas Center for
Tokyo, Japan. Superconductivity, Houston, TX.

SESSION M10: THIN FILMS: Bi AND 9:45 KL0.6
TI COMPOUNDS MOLECULAR BEAM EPITAXY OF LAYERED Bi-Sr-Ca-

Chairs: D. Gubser and C. C. Koch Cu-O COMPOUNDS, D.GJ Schlom, Stanford Uni-
Friday Morning, December 1 versity, Department of Electrical Engineer-

Salon G (M) ing, Stanford, CA; J.T. Sizemore, Stanford
University, Department of Materials Science,

SYMPOSIUM M presentations Stanford, CA: A.F. Marshall, Stanford Uni-
may be viewed simultaneously versity, Center for Materials Research,
in the America Ballroom Lobby Stanford, CA; Z.J. Chen, J.S. Harris Jr.,

Westin Hotel. Stanford University, Department of Electri-
cal Engineering, Stanford, CA; J.C. Bravman,
Stanford University, Department of Materials

8:00 !NL.1. Science, Stanford, CA; M.R. Beasley, T.H.
THIN FILM PROCESSING FOR HIGH-Tc SUPERCON- Geballe, Stanford University, Department of
DUCTORS OF Bi-SYSTEM, Kivotaka WasA, Mat- Applied Physics, Stanford, CA; J.N.
sushita Electric Co., Ltd., Central Research Eckstein, I. Bozovic, K.E. von Dessonneck,
Laboratories, Osaka, Japan. Varian Research Center, Palo Alto, CA.
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10:00 BREAK SESSION M11: THIN FILMS: PROPERTIES
AND DEVICES

10:15 *MlO.7 Chairs: D. M. Kroeger and M. Suenaga
APPLICATIONS OF RAPID THERMAL PROCESSING Friday Afternoon, December 1
(RTP) TO HIGH TEMPERATURE SUPERCONDUCTORS, Salon G (M)
D-S. $in1ey, J.F. Kwak, E.L. Venturini, R.J.
Baughman and B. Morosin, Sandia National SYMPOSIUM M presentations
Laboratories, Organization 1144, Albuquer- may be viewed simultaneously
que, NM; J.W. Halloran and M.J. Neal, CPS in the America Ballroom Lobby
Superconductor, Inc., Milford, MA. Westin Hotel.

10:45 N10.8

A NEW HYBRID PVD/OMCVD ROUTE TO HIGH-Tc 1:00 *Mi 1
SUPERCONDUCTING THIN FILMS OF Tl-Ba-Ca-Cu-O, PROXIMITY-EFFECT AND TUNNELING IN YBa 2Cu30 7/
D.S. Richeson, L.M. Tonge, Northwestern METAL LAYERED STRUCTURES, L.H. Greene, W.L.
University, Department of Chemistry, Evans- Feldmann, J.B. Barner, L.A. Farrow, P.F.
ton, IL; X.K. Wang, Northwestern University, Miceli, R. Ramesh, B.J. Wilkens, B.G.
Materials Science and Engineering Depart- Bagley, Bellcore, Red Bank, NJ; M. Giroud,
ment, Evanston, IL; H.O. Marcy, Northwestern CRTBT-CNRS, Grenoble, France; and J.M.
University, Electrical Engineering and Com- Rowell, Conductus, Sunnyvale, CA.
puter Science Department, Evanston, IL; T.J.
Marks, Northwestern University, Chemistry 1:30 M11.2
Department, Evanston, IL; R.P.H. Chang, MAGNETIC FLUX PINNING IN YBa 2Cu3Ox FILMS,
Northwestern University, Materials Science H.R. Kerchner, R. Feenstra, Oak Ridge Na-
and Engineering Department, Evanston, IL; tional Laboratory, Solid State Division, Oak
J.B. Ketterson, Northwestern University, Ridge, TN; J.O. Thomson, J.R. Thompson, Oak
Department of Physics and Astronomy; and Ridge National Laboratory, Solid State
C.R. Kannewurf, Northwestern University, Division, Oak Ridge, TN and University of
Science and Technology Center for Supercon- Tennessee, Knoxville, TN; D.K. Christen,
ductivity and the Materials Research Center, S.T. Sekula and L.A. Boatner, Oak Ridge
Chemistry Department, Evanston, IL. National Laboratory, Solid State Division,

Oak Ridge, TN.
11:00 N10.9
THE EFFECT OF ANNEALING CONDITIONS ON MAG- 1:45 M11.3
NETRON SPUTTERED SUPERCONDUCTING TL-BASED CRITICAL CURRENT DENSITY AND MICROSTRUCTURE
THIN FILMS, SdLLiQI, University of Nebras- OF YBa2 Cu3 07_x THIN FILMS AS A FUNCTION OF
ka-Lincoln, Department of Physics, Lincoln, FILM THICKNESS, A. Moaro-Campero, L.G.
NE. Turner, E.L. Hall and N. Lewis, GE Research

and Development Center, Schenectady, NY.
11:15 H10.10
ATOMIC RESOLUTION ELECTRON MICROSCOPY OF Bi- 2:00 MI1.4
CUPRATES, R. Ramesh, B.G. Bagley and J.M. MICROSTRUCTURE AND PROPERTIES OF MIXED
Tarascon, Bellcore, Red Bank, NJ; C.J.D. YBa2 Cu3O7_x AND Y2Ba4CusO 1 6 THIN FILMS, A.F.
Hetherington, B. Simion and G. Thomas, Marshall, A. Kapitulnik, Stanford Univer-
National Center for Electron Microscopy, sity, Stanford, CA; K. Char, R.W. Barton,
Materials and Chemiral Sciences Division, Conductus, Inc., Sunnyvale, CA; and S.S.
Berkeley, CA. Laderman, Hewlett-Packard Company, Palo

Alto, CA.
11:30 H10.11
STUDY ON THE ELEMENTARY STEPS OF THE EPITAX- 2:15 M11.5
IAL GROWTH OF Bi-Sr-Ca-Cu-O ON THE SURFACE A STUDY OF GRAIN BOUNDARIES IN HIGH Tc
OF Si AND MgO BY MEANS OF RiEED AND PHOTO- SUPERCONDUCTING YBa2 Cu3O 7 _x THIN FILMS USING
ELECTRON SPECTROSCOPIES, Takashi Hanada, HIGH RESOLUTION ANALYTICAL STEM, D.H. Shin,
Maki Kawai, Tokyo Institute of Technology, J. Silcox, S. Russek, D. Lathrop and R.A.
RLEM, Yokohama, Japan; Tsutomu Goda, and Buhrman, Cornell University, Department of
Shousuke Teratani, Tokyo Gakugei University, Applied Physics, Ithaca, NY.
Tokyo, Japan.

2:30 *M11.6
11:45 N10.12 EXPITAXIAL GROWTH OF HIGH Tc THIN FILMS AND
TEM STUDY OF CVD-GROWN Bi-Sr-Ca-Cu-O THIN SUPERLATTICES PROGRESS TOWARDS THE ARTIFI-
FILMS ON (001) MgO SUBSTRATES, 0, Ueda, T. CIAL CONSTRUCTION OF HIGH Tc SUPERCON-
Kimura, H. Yamawaki, M. Ihara and M. Ozeki, DUCTORS, Jean-Marc Triscone, Michael G.
Fujitsu Laboratories Ltd., Atsugi, Japan. Karkut, Olivier Brunner, Louis Antognazza

and pystein Fischer, Universit6 de Geneve,
DPMC, Gen~ve, Switzerland.
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3:00 BREAK

3:15 *(1l.7
FABRICATION AND EVALUATION OF DEVICE STRUC-
TURES ON THIN FILMS OF YBCO, P. Mankiewich,
Boston University, Boston, MA.

3:45 M11.8
TUNNELLING MEASUREMENTS ON THIN FILMS OF
YBa2 Cu3O 7 _6 , A.M. Cucolo, J.M. Valles, J.M.
Phillips, M. Gurvitch, R.C. Dynes and J.P.
Garno, AT&T Bell Laboratories, Murray Hill,
NJ.

4:00 K11.9
USE OF Si-YBaCuO INTERMIXED SYSTEM FOR
PATTERNING OF SUPERCONDUCTING THIN FILMS,
O.Y. Ma, E.S. Yang, G.V. Treyz, C. Shu and
R.M. Osgood Jr., Columbia University, Micro-
electronics Sciences Laboratories and Center
for Telecommunication Research, New York,
NY; Chin-An Chang, IBM T.J. Watson Research
Center, Yorktown Heights, NY.

4:15 X1I.10
HIGH SPEED INFRARED DETECTORS USING Y-Ba-Cu-
O THIN FILMS, J.P. Zhen , Q.Y. Ying and H.S.
Kwok, State University of New York at Buf-
falo, Institute on Superconductivity, Buf-
falo, NY.

4:30 X11.11
JOSEPHSON WEAK-LINKS FABRICATED FROM HETERO-
EPITAXIAL YBa2 Cu 3O 7 _x/PrBa 2 Cu3O 7 _x/YBa2-
Cu307_x MULTILAYERS, C.T. Rogers and T.
Venkatesan, Bellcore, Red Bank, NJ; A. Inam,
Rutgers University, Physics Department,
Piscataway, NJ.

4:45 112
HIGH Tc SUPERCONDUCTOR MULTILEVEL STRUCTURES
FORMED WITH Ta 20 3 SPACER LAYERS, Rab.
Bhattacharya, Universal Energy Systems,
Inc., Dayton, OH; Peter B. Kosel, University
of Cincinnati, Department of Electrical
Engineering, Cincinnati, OH; and T. Peter-
son, Wright Patterson Air Force Base, WRDC/
MLPO, Dayton, OH.
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M1.1 M1.5

MYTH AND REALITY IN HIGH T.. Philip W. Anderson, Dept. of ELECTRONIC STRUCTURE OF La2.Sr.NiiO 4 SUPERCON-
Physics, Princeton University, Princeton, N.J. 08544 DUCTING MATERIALS. Yuejin Guo and William A. Goddard III,
I will discuss constraints on theoretical models mandated by the ex- Arthur Amos Noyes Laboratory of Chemical Physics, California In-
perimental facts on high 7,. The resistivity anisotropy and the magi- stitute of Technology, Pasadena, California 91125.
tude of the Drude conductivity reject the hypothesis that the normal We have examined La 2 -.SrxNi, 04 systems to determine whether
state is a Fermi liquid; the heuristics of transition temperatures re-
quire a 3-dimensional, interlayer mechanism for T,; and many different they might be high temperature superconductors. Using ab i-
types of data-photoemssion, NMR, the high T itself-suggest that tio electronic methods (generalized valence bond and configura-
some very low energy, unconventional excitations are present. Some tion interaction) for various clusters representing the La2Nil 04 and
new theoretical speculations will also be discussed. Lal.sSro.2 Ni, 04 nickel oxide superconducting materials, we find that

M1.2 (1) in the parent compound, La2 Nil04, the O(2p) levels are filled,
SOME THEORIES OF HIGH TEMPERATURE SUPERCONDUCTIVITY. Marvit leading to two unpaired spins on each Ni [Ni"l (d') oxidation
L. Cohen, Department of Physics, University of Californ-- state). The Ni spins are coupled antiferromagnetically to the
and Materials and Chemical Sciences Division, Lawrence spins of adjacent Ni1 sites.
Berkeley Laboratory, Berkeley, CA. (2) oxidation beyond the nickelous (Ni n ) state leads not to Ni n 

d'

A brief review of some historical aspects of theoretical re- but rather to oxidized oxygen atoms (denoted 0+) with a highly

search on superconductivity and of some features of BCS mobile O2pr hole bridging two Ni
1 sites, Nin - 0+ - Ni

n .
theory will be given followed by a discussion of pairing (3) the O2pwr hole at these oxidized sites (Ni n -O + 

-Ni") is fer-
mechani sins. romagnetically coupled to the adjacent Ni n d electrons despite

the fact that this is opposed by the direct dd exchange. This
For phonon induced pairing, there are simitations on the coupling induces an attractive interaction between conductiontransition temperature Tc arising from possible lattice in- electrons that is responsible for the superconductiity.
stabilities. For specific materials measured properties T

such as the isotope effect put limits on Tc and on the pos- Therefore, we find interactions comparable with the magnon paring

sible role of phonons as a pairing Boson. Some of these mechanism of superconductivity proposed by us for the Cu (214) and
conditions change when anharmonicity, defects, or lower di- (123) materials. The calculations suggest that the Ni 214 system can
mensionality are considered. have a higher T2 than the Cu 214 system.

A proposal will be presented for observing Tc Z 200 K in me-
tallic hydrogen based on a phonon pairing mechanism. M1.6 ABSTRACT NOT AVAILABLE

A discussion of electronic pairing mechanisms such as plas-
mons, excitons and demons and-magnetic or spin induced pair- M1.7

ing will be given. The role of weak or strong coupling and
other properties will be discussed in an effort to suggest EVIDENCE OF KOSTERLIL-THOULESS TRANSITION AND
possible experimental probes to find the dominant pairing FLUCTUATIONSINHIGIITEMPERATURESUPERCONDUCT-
mechani sin. ING THIN FILMS. 2Y_ Ying and H.S. Kwok, Institute on Supercon-

Some general comments will be made about the oxide systems ductivity, State University of New York at Buffalo, Bonner Hall, Buf-

and the use of theory to calculate Tc's for those materials. falo, NY 14260

Work supported by NSF Grant DMR88-1B404 and DOE Contract No.
DE-AC03-76SF00098. In the last decade, there has been considerable effort to investigate

both theoretically and experimentally the Kosterlitz- Thouless proper-
1. 3ties in superconductors. There have also been studies of K-T transition

RENORMt-LIZATION FROM DE:NSIT FUNCTION.L on granular thin high Tc superconducting films. In here, we report
TIl.ORY TO STRONG COLPLING .IODEIS FOR TIll: some experimental evidence of K-T transition in Y-Ba-Cu-O thin Su-
I LECTRONIC STRI("TL'IE' OF LatCuO,. Mark S. 1. y -,, -,

:,hd \fIchucrl Shlul,r, ATk'T .I .:,,ratorie. Nfurra: I' lU N .I. perconducting films.
I; E.B Stechel ahd D.R. J-,nni.,r,, Sandia Nati'n:d

L.0..r, A,.ll, uqucrque, N.M, s7. j. The films were deposited by laser evaporation method. The R-T rela-

larthc; froin a rtalistic quaintuni-chenitcal d,cri|.iA ,f iI- (*u- tion was measured. In the vicinity of transition temperature Tc which
i) .;.Jd u[t'rcohductor., stronrg cullig inodt I, ar,. d, ri\d. was below the mean-field transition temperature Tco, the resistance

I , e Lo.:,il D .rnity Furcti, al aI.iro.'h, chit' h:s ,.et -ht 1, dropped exponentially with the inverse square root of the reduced
:,, urutel.' J%-ecribe the coh-ivc pr,+, rit e of" tl,.t, j,:,t-ri:d-,I.. temperature when the sample was cooled down. A stronger evidence
L-,. CuO 4 . i. the starting , icit. Th,._- re-ult' ire niapjed , . ,
i..utibLnd Ilubbnrd inod-I i,r.\i.ing c,,nqht ,., uf n '. was the power law dependence of the voltage-current relationship. It
I ,raL:,et,-rs A hlich rrlreent tlie e.iIic ft.a urt.. of the Cu-) was found that the exponent decreased from near 10 far below Tc to 3
II, i.e.. "'he properties of the inodel are it good agret-nie t \%t h at Tc, and suddenly dropped to 1 above Tc. This corresponded to the
-x\Irrtehtt. probing high (1-10 eV) ehrgie". .- s-ccond -te, of
na:,ping i- c;.rried out vit h e'act .icgocst':i it udi.- j fJ'it; unbinding of vortex-antivortex pairs to form a vortex plasma near Tc.
hn-ttr %ithin the Ilubt+,rd tintdtl it, urd.'r tO .tuIJ . flt'.ti'c oh-

L.,I todhld thicl, dt-ril.'e th.- hit etrg (_ I eV) i't\',,rti.- Broadening of the transition at high temperature was also observed.
TIt ih',ul:,titg phI..,,i - ,'I dc.cribed b\ ll:, et .-eb ,rg t & l . , I
the value derived for tIhe exc|,angc courlit g i. it, etItt The R-T relation in this region showed fluctuations of superconducting
;,grenew %tith expe.rineier. TIe -lectr, or a.,d-d :tri'r: , carrier nucleation.

( II ,esril,.,I by * efr ctive one Uawd nio ,e-. Si . v:,hc - ior
iI,, uctcre. crc ol,ciheCd %% c ', % u i I i, I . -r ,-- I 1,4 1.8

'-cripiionts of the sul~-reotu'tltg s i e.

4 A TPHONON ANOMALY ACROSS T IN Y(Er)BagCu 30 7.&'..4 ABSTRACT OT AVAILABLE .Sama, L. E. Rehn, P. M. Baldo, and J. Z. Liu, Argonne
National Laboratory, Argonne, IL 60439
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M2. 1
Ion channeling in single crystals of Y(Er)Ba 2 Cu307& provides CRYSTAL CHEMISTRY OF OXIDE SUPERCONDUCTORS.
a direct method to investigate atomic vibrations. Angular
channeling scans with 1.5 MeV He across the [001] direction as Arthur W. Sleight, Oregon State University, Corvallis, OR.
a function of temperature (300 -4 40 K) revealed an abrupt
decrease in Cu-0 vibrational amplitudes of -30% across the Structure-property relationships for oxide superconductors
superconducting transition temperature (T, -92 K). When the
oxygen content in the sample was reduced to 06, the specimen and related materials will be discussed using the latest
became nonsuperconducting, and the above anomalous available data. In this regard, important deviations from
change disappeared. in ErBa2Cu3O7-6, the two major [001] ideal structure and composition will be considered. Both
rows of Cu-O and Er-Ba followed a different temperature
dependence. A normal Debye-type behavior was found for the point defects and extended defects can strongly influence

Er-Ba vibrational amplitudes (ul), but a substantially stronger properties. The absence of thermodynamic stability for the
than normal temperature dependence was observed for the Cu- high Tc superconductors will also be discussed. Those

Srows, i.channeling measurement with CKa X-rays using 6.55 MeV superconductors with the highest Tc seem to be examples

He confirmed the anomalous vibrational behavior of Cu-atoms of entropy stabilized phases which can only exist as defect
in the Cu-O rows in YBa 2Cu 3O 7.8. Similar angular scans ridden materials.
using resonance elastic scattering from oxygen provided
additional confirmation. The observed anomaly can be M2. 2
explained on the basis of strong correlated atomic motion in
the [001] Cu-O rows in the superconducting state. SUPERCuNDUCTIVITY IN BISMUTH-LEAD-ANTIMONY BASED

PERUVSKITES. R. J. Cava, B. Batlogg, J. J. Krajewski,
*Work supported by the U.S. Department of Energy, Basic W. F. Peck, Jr., L. W. Rupp, Jr., AT&T Bell Laboratories,

Energy Sciences-Materials Sciences under Contract #W-31- 600 Mountain Avenue, Murray Hill, New Jersey, U7974.
109-ENG-38. Superconducting BaPb 7,Bi 0 with a T of 12K is now

widely viewed as the'*recDOr to the resent explosive
Mi. 9 appearance of copper-oxide superconductors with record

REPRODUCIBLETUNEL GDATAONC MICAULYETCHED high T 's. The observation of superconductivity near 30K
REPRODUE TUNNELINGSDATALSO ON CHEMICALLY ETeE .Gin Ba CK 4Bic has led to a debate on the pairing
S.NGL CRYSTALS OF YBa2Cu307 L M. VAleeseJr., M .urvitcb, mechaflsmin this class of materials which is far from

A. M. Cucolo, R. C. Dynes, M P. Hlmo, L F. Schneeneye, 1. V. settled. We have recently reported the occurrence of

Waszczak AT&T Bell Laboratories. Mumy Hill, NJ 07974 superconductivity at 3.5K in BaPb Sb 0 Comparison

of these three materials is of coh detf ' interest to

We have fabricated tunnel junctions between chemically etched single us and we will present our most recent results.

crystals of YBa2Cu3O 7 (YBCO) and evaporated metal counterelectrodes
which exhibit reproducible characteristics. Above the bulk critical c The Sb-0 bond might generally be considered to be more

. he d ionic than the Bi-0 bond, but in the Ba(Pb,Bi)0 and
tenpetur , , hea Ba(Pb,Sb)0 3 perovskites the covalency of the boAds might

with voltage and has some asymmetry. Below Tt, additiorttl suclt be similar . The variation of lattice parameters in the

associated with the superconductivity appears in G(V). At T<<rc there Ba(Pb,Sb)0 solid solution obeys the same principle that

is a reproducible finite zero bias conductance which suggests that there is observed in Ba(Pb,Bi)0 3. In both cases the implied

are states at the Fermi energy in superconducting YBCO. Junctions average Bi-0 or Sb-0 bond length is what would be
wit Pb, Sn, Bi, Sb, PbBi, and Au counterlectiodes all show expected on accommodation of these atoms into BaPbO in a
quAitaliv .siilar behavior, andmixed valence state. We will present recent result aimed

at clarification of the bonding - change dsproportionation

issues in these materials.

Ml.10

HIGH QUALITY SINGLE CRYSTALS OF YBaCuO , WITH M2.3

SUPERIOR MICROWAVE PROPERTIES% D= jio 9,u, W.
Kennedy and S.Sridhar, Physics Department, Northeastern PrBa2Cu307 AND CmBa2CU307: THE ABSENCE OF

University, Boston, MA 02115. SUPERCONDUCTIVITY IN YBa 2 Cu 307-RELATED

We have fabricated' high quality single crystals of YBa2Cu,Oy, COMPOUNDS. L.Sdeltlm, G.L. Goodman, U. Welp and C.-

which display extremely sharp microwave (10 GHz) transitions. A K. Loong. Argonne National Laboratory, Argonne, IL

variety of electrodynanic measurements have been performed on 60439.
these crystals : radio frequency penetration depth A and its
temperature and field dependence, lower critical field H, 1 and PrBa2Cu307 is the only member of the Y1230 7-series
microwave surface resistance R.. The temperature dependence
and anisotropy of these parameters was measured between 4.2K which is orthorhombic, but not superconducting. The

and T,. absence of superconductivity in the Pr-compound has

been attributed to the ease with which Pr 3 + can be

The best crystals possess low A ,(O) = 1400 A and R, << 400 pQ, oxidized. However, magnetic inelastic neutron
and Ht.l(O) = 250 G. The temperature dependence of these
quantities is also in good agreement 2 with BCS calculations. In scattering provides evidence that this anomalous

contrast, in poor quality crystals, A and R. can be orders of behaviour is the result of strong interactions between

magnitude higher, and H,1 much lower (- 5-20 G). In poor the Pr f-electrons and electrons of the CuO planes.

crystals a also polycrystals, the electrodynarnics can be Curium has chemical properties similar to Pr, but a
understood "' in terms of Josephson junctions of size - 2-41im. different f-electron radial distribution. Therefore we

- Supported by NSF-ECS-88-11254 suspected that Cm12307 should form, and that it should

be superconducting. Indeed, we have successfully
1. Dong Ho Wu, W.Kennedy, C.Zahopoulos and S.Sridhar, AppI.. synthesized 248Cm12307, but it does not superconduct.

Phys. Lett., (to appear, Aug. 1989) Xo, Discrete Variational cluster calculations reveal that
2. S.Sridliar, Dong Ho Wu and W.Kennedy, (to be published).
3. Dong Ho Wu, C.A. Shiffman and S.Sridhar, Phys. Rev. B, ad , the Pr 4f-wavefunctions strongly hybridize with those of

9311 (1988)

414



the CuO planes and that this type of hybridization is even shown by these cuprates with change in x. TlSrn+1 .Lnx
stronger for Cm12307. We conclude that in both Pr12307 Cu 0v  constitutes a new series of thallium cuprates
and Cm12307 it is magnetic pair breaking that without either Ca or Ba. The n=1 (1021) and n=2 (1122)members have been characterized. The 1021 member withsuppresses superconductivity. Ln = La shows a change in the sign of the thermopower

with change in x. The 1021 members have a T of.-40K
This work is supported by DOE-BES under contract No. W- and 1122 members have a Tc of-80K. Bi2 _ xPbEaSrCu 2O,31-109-ENG-38. and Bi 2 Ca 1- Ln Sr2 Cu 20_y show change in thne sign ol

thermopower -ith change in x or y, the x=y=0.0 parent
cuprates itself showing negative thermopower from 300K

M2.4 down to Tc. Dielectric and other properties of glassy
and crystalline Bi cuprates will be examined.

THE EFFECTS OF OXYGEN AND STRONTIUM VACANCIES
ON THE SUPERCONDUCTIVITY OF SINGLE CRYSTALS OF M2.7
Bi2Sr2-CuO 6-y.. C. Sales, B. C. Chakoumakos and Edward

Sonder, Solid State Division, Oak Ridge National Laboratory', INFLUENCE OF THE PARTIAL SUBSTITUTION OF SMALL
Oak Ridge TN 37831-6056. RARE EARTHS FOR Ca IN THE SUPERCONDUCTIVE Bi-Sr-

Ca-Cu-O COMPOUND. M. Casanove, P. Baules, E. Snoeck,
Singles crystals of Bi2Sr2..CuO6-y were grown from CuO-rich C. Roucau, CEMES-LOE, BP 4347, 31055 Toulouse Cedex,
melts. The Sr content of the crystals was varied from x=0.1 to France ; P. Millet, R. Enjalbert, J. Galy, LCC, 205 Rte de
x=0.5 by adjusting the starting composition of the melt and the Narbonne, 31077 Toulouse Cedex, France.
oxygen content was reversibly adjusted between y=O and y=0.5 by
an appropriate heat treatment of the crystals in a Superconductive 2:2:1:2 phases of the type Bi2Sr2CaI-v
thermogravimetric system. With decreasing Sr content the Lny Cu2O8+x, where Ln stands for Yb or Er, have been
superconducting transition temperature, To of the crystals synthesized and characterised by X-ray diffraction. The
decreased rapidly from 9 K to below 4.2 K, and the resistivity in small rare earth atoms prove to substitute preferentially
the a-b plane changed from metallic (linear in T from 30-300 K) sm a te. rh ample to sbti reenle
to semiconducting. Reducing the oxygen content in the crystals in the Ca site. [he samples including Yb atoms are single
had a similar effect on the resistivity. Only crystals with close to phased until a content y = 0.5 while complete substitution
the maximum oxygen content (y=0) were superconducting, and can be achieved with Er cations. The electrical properties
removal of oxygen from previously superconducting crystals of these compounds are affected by the rare earth
resulted in a rapid decrease of Tc, and the eventual loss of content. Their structural characteristics and in particular
superconductivity. A bond-valence sum analysis suggests that the incommensurate modulation have been investigated
oxygen is removed from the Bi20 2 layers.The relevance of the by electron microscopy. The results are in favour of an
phenomenon of "weak localization" to the upturn in the atomic displacive one-dimensional modulation with both
resistance at low temperatures of oxygen or strontium deficient transverse and longitudinal components. It has been
crystals will also be discussed. observed that the wave length of the modulation

decreases with increasing y (until y = 0.5), in the case of a
M2.5 substitution by Yb atoms. Simultaneously, the critical
STRUCTURE PROPERTY RELATIONSIIII'S IN TIlE ONE- temperature of these samples diminishes until y = 0.5,
LAYER BISMUTII STtrONTIUM CUPRATE the compounds presenting a semi-conductor behaviour
SUPERCONDUCTOR. Steven A. Sunshine, Robert Fleming, Lynn for higher Yb contents.
Schineeineyer, and Theo Siegrist, AT&T Bell L.aboratories, Murray
Ilill, N. J. 0707.1 M2.8

The one-layer strontium bismuth cuprates (the so-called 2201 SYNTHESIS AND CHARACTERIZATION OF
phase) have been reported to exhibit a wide variety of properties Nd1 8 5 Ceo.15CuO4±x; T.A. Vanderah, Naval weapons
and structures. This material is of particular interest because it Center, China Lake, CA; M.S. Osofsky, Naval
allows for the study of low temperature normal state properties ill Research Laboratory, Washington, D.C..
a "high T," superconductor. We have carefuly examined the
structure property relationships in this system. Nd 2 CuO 4 and its Ce-doped, n-type superconducting

Studies have been conducted on both ceramic samples as well as derivative were synthesized by solid state
single crystals. Ceramic samples have been prepared in -1, 20, and reaction of Nd 2 03, CuO, and "active" CeO 2 .
1u% O. . Single crystals have been synthesized by both Ilux Samples were characterized by X-ray diffraction,
growth (NaCI) and melt techniques. These materials vary from thermogravimetry, and measurements of resistivity
insulating to superconducting depending on both metal and oxygen and magnetic susceptibility.
stoichionmetry. The single crystals have been structurally Nd1 .85CeO.1 5CuO4tx, as prepared by
characterized and changes in the structure have been related to high-temperature solid state reaction of the
the diverse physical properties. component oxides in air, is a 6 K superconductor,

but careful annealing at lower temperatures under
M2.6 an inert gas containing a low partial pressure of

oxygen raises the Tc to 24 K.
CERTAIN NOVEL ASPECTS OF THALLIUM AND BISMUTH CUPRATE
SUPERCONDUCTORS. C.N.R. Rao, Indian Institute of Science. Our objective was to measure the average formal
Bangalore-560012 India. copper valence in the parent compound as well as

its superconducting derivative. Since Ce4

Properties of the novel series of thallium cuprate oxidizes iodide ion, oxygen content was measured
superconductors of the general formula TlCa Ln Sr, by thermogravimetric analysis under hydrogen
Cu2 Oy (Ln =rare earth) will be discussed. Specialy rather than iodometric-type titrimetry methods.
interesting is the change in the sign of the thermopower
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According to our results and those published by *Work supported by the National Science Foundation (DMR87-
the discoverers of the Nd-Ce-Cu-O system, 19738; OSTC-STC-8809854) and the US Dept. of Energy, BES (#W-

reduction of the average formal copper valence to 31-109-ENG-38)
+1.7 from +2.0 in the parent Nd2CuO 4 is
prerequisite for stabilization of the
.phase-pure" 24 K superconductor. The synthetic M2.11
difficulties encountered in this system seem to CERAMIC MATERIALS WITH VT-CRYSTAL STRUCTURE IN THE
be particularly representative of the metastable Ln H CuO (Ln=Pr.Nd; M=Ce, Pb, Sn) SYSTEM. R.
nature of these unusual superconducting oxides. 2X y

Oviedo-Roa, L. Govea and R. Escudero, Instituto de
Investigaciones en Materiales. UNIVERSIDAD NACIONAL

M2.9 ALfTONOMA DE MEXICO. Apdo. Postal 70-360. Mexico,D.F.,
04510. Mexico.

Superconductivity in (Nd,Ce.Ca)2Cu04-z: 
T.Sakural,

T.YamahitaS.Ikegawa and H.Yamauchi,
Superconductivity Research Laboratory. Inter- We have prepared single phase T'-crystal structure In
national Superconductivity Technology Center,10-13 the system Ln M CuO where Ln=Pr, Nd, and M=Ce,

2-x X 4-y
Shinonome 1-Choe Koto-ku. Tokyo 135 JAPAN Pb and Sn for the compositions x=0,0. 10, 0.13, 0.15,

0.17, 0.3 and 0.4. We observed that all series of
b The relationship between carrier density and compounds are isostructural to the T-phase of

superconductivity transition temperature(Tc) for Nd Cu0. In some cases we found impurity phases in
the conventional p-type oxide superconductors 2 4

such as Lal.85Sr0.l5Cu04-z has been well estab- very small amounts. The most interesting of these

lished. The same relationship for the newly dis- compounds is the formation of the single phase with Pb
covered n-type superconductorsi.e.Nd2-xCexCuO4-z and Sn; although, they are not superconductors.
of the Tphase structure exhibts a peculiar fea-
ture, that is. a discontinuity in the Tc-vs- We also determined the oxygen content nd the copper
[carrier density] curve. It is not clearly known oxidation slate in terms of the [Cu-0] P charge by a
if such a feature Is essential for n-type super-
conductors. double lodomeLric titration technique. The structure
In this work. we controled the carrier and lattice parameters of the compounds were studied

(electron) density in Nd2CuO4 by substituting Ca by X-ray powder diffractometry and the superconducting
as well as Ce into the Nd-sites.and studied the properties by electrical resistance measurements.
Tc-(carrier density] relationship. The phase rela-
tions in the (NdCeCa)2Cu04-z system were studied A discussion about the role of Pb and Sn In the
by obtaing the tle-lines using X-ray diffraction structure formation Is given in terms of oxidation

and electron probe microanalysis techniques, and states of these atoms.
the reagion where only T'phase Is stable was es-
tablished in the phase diagram. Speciments of the
Ndl.82-xCeO.18CaxCuO4-z system which is included M3.1

in the T' single phase region were synthesized to
control the excess carriers due to the Ca sub- PULSED LASER TECHNIQUE FOR DEPOSITION OF
stitution. Hall coefficients and DC resistivity of
speciments were measured to elucidate the relation SUPERCONDUCTING THIN FILMS: DEPOSITION PHYSICS AND

between the carrier density and Tc. IN-SITU PROCESSING. R. K Singh and J. Narayan Department of

Materials Science and Engineering, North Carolina State University,
M2.1C Raleigh. NC 27695-7916

SUPERCONDUCTING BEHAVIOR OF TETRAGONAL (T-) We have theoretically and experimentally analyzed the laser induced

Eu2-xCc.CuO4 ±* V.J. Mclim, Wcimin Peng and C.W. Kimball, evaporation process for the deposition of superconducting thin films from

Northern Illinois University. Dckalb, IL and B. Dabrowski, bulk targets. A theoretical model based on the generation and expansion

Y. Zheng and D. G. Hinks. Argonne National Laboratory, of a high temperature and high pressure gas in vacuum is developed.

Argonne. IL This model correctly predicts most of the characteristic features of the

Eu.,CCuO4 (0 :5x !50.17) has ben synthesized with the films fabricated by the technique including (i) the dependence of ion

tctragonal T' structure. These compound are analogues of the velocity on the pulse energy density and (ii) spatial thickness and

n-typc superconductor Nd2 xCexCuO4 in which the Cu-O compositional variations in superconducting thin films as a function of

coordination is square planar rather than pyramidal or energy density. The fabrication of in-situ single crystal superconducting

octahedral. AC susceptibility and resistance measurements thin films at low substrate temperatures by the laser evaporation technique

show that Eu, xCexCuO4 +3 becomes superconducting with will also be discussed. By applying a dc bias to an interposing ring,

Tc- o 0epitaxial films were produced at substrate temperatures as low as 500°C.,Tc-13K for x= 0.15 and 0.17, when prepared under reducing
codtos usqetlwtmeaue0)anaig The films deposited at 650*C exhibited critical current density values of

t conditions, Subsequent low temperature 0.2 annealing 5.x0Ac~nl0l6/mo(0)ri~n(0)
S

inceass te racionbu 5.0 x 106 A/cm2 and 1.0 x 106 A/cm 2 on (100) SrTiO 3 and (100) YSZincreases the superconducting fraction but does not change
The Eu Mossbaur shift indicates that Eurespe y X-ray diffraction, transmission electron

near 3 rall. The changeMoinbboth shift indicaes an quadualee microscopy, electron channeling patterns and Rutherford backscatterng
near 3+ for all x. The change in both shift and quadrupole /channeling showed excellent epitaxial quality of films on SrTiO 3 and
splitting arc small as the Cc spans the nonsuperconducting to YSZ substrates with best values of minimum ion channeling yield of

superconducting concentrations. The relationship of

superconducting behavior to preparation conditions. 3.5% on (100) SrTiO 3 substrates. The deposition conditions and the

electronic structure, volume change and magnetic behavior microstructure will be correlated with the superconducting properties.

will be discussed.
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M3. 2 In the copper containing high Tc oxide-
superconductors, the number and the distance of

SYNTHESIS AND PROPERTIES OF Y 1 _,Pr Ba2 CU 3O7 -X THIN Cu-0 2 layers and carrier concentration have

FILMS. X. D. Wu, M. S. Hegde, iA. nam, and X. X. relations with the value of the super-
Xi, Physics Department, Rutgers University, conducting transition temperature. Thus, it is

Piscataway, NJ 08854; T. Venkatesan, and C. C. important to control these parameters

Chang, Bellcore, Red Bank, NJ 07707 independently in order to elucidate the

superconducting mechanism and to exploit a new
The Y..Pr Ba Cu 3O x system offers the exciting superconductor.
possibi fty of being used as an epitaxial junction
barrier between two superconducting YIBa2 Cu 3O7 x  We have artificially formed five different

layers since the system has virtually no change in Bi(Pb)-Sr-Ca-Cu-O films containing one to five

its orthorhombic structure. Y -.xPr-Ba2 Cu 3O 7.- Cu-0 2 layers between Bi2 0 layers by a
thin Films were prepared in-sit; by a pulsea successive deposition method ae iow temperatures
laser deposition technique. The films showed (500C) taking advantage of laser ablation method

metallic behavior in resistivity vs temperature in the presence of N2 0. In these compounds, hole

for x <= 0.4. The superconducting transition concentration has been independently changed by

temperature decreases progressively as the Pr doping Pb at the Bi 202 layer with controlling the

concentration is increased, as has been found for numbers of the Cu-O 2 ayer.
bulk samples. Ion beam channeling (2 MeV He+ )

studies indicate that the films grow epitaxially Using the layer-by-layer technique, the

on (100) SrTio3. substrate, showing minimum yield control of the composition in the atomic layer

of 4-5%. This is confirmed by x-ray diffraction scale is also possible by the incorporation of

data which show the films to be highly oriented atoms and ions to the crystal structure to form

with their c-axes perpendicular to the surface. "tailored superconducting films". Site-selective

Moreover, the study reveals a systematic decrease substitution of Ba for Sr or Ca in layered (Bi-

in the intensity ratio of (200) to (100) X-ray Pb) 2 Sr2 CalCu2O has been performed to control the

lines with increasing values of x, which is superconductin4 properties
explained on the basis of an increase in the
symmetry along the c-axis. M3.5

143.35
M3.3 IN SITU PREPARATION OF SUPERCONDUCTING Y-Ba-Cu--O

IN SITU GROWTH OF HIGH QUALITY EPITAXIAL YBa 2 Cu307.x THIN FILMS ON SILICON SINGLE CRYSTALS. I.-U. Habermeier

FILMS AT MODERATE SUBSTRATE TEMPERATURES AND and G.Mertens,Max-Planck-institut/FKF, D 7000 Stuttgart-,

OVER LARGE AREAS BY PULSED LASER ABLATION.' FRG.

Douglas H. Lowndes, J. W. McCamy, D. P. Norton, R. Feenstra, Superconducting Y-Ba-Cu-O thin films with critical temperatures

J. D. Budai, and D. N. Mashburn, Solid State Division, Oak Ridge exceeding 8o K are deposited on silicon single crystal substrates using

National Laboratory, Oak Ridge, TN 37831-6056. the laser deposition technique.Deposition from a sintered

Pulsed KrF (248 nm) excimer laser ablation of YBa 2Cu 3 OT.x (Y- 2Cu. 7 target in oxygen ambient of 0.1-5 mbar at

123) target pellets has been used for in situ growth of smooth, temperatures in the range of 7000 C to 8200 C forms crystalline

high-quality Y-123 epitaxial films with primarily c-axis-normal material in which the target composition of the metallic constituents

orientation and variable thickness on SrTiO3, KTaO3, MgO. is preserved and critical temperatures up to 86 K are achieved1.X-ray

LaGaO 3. and LaAIO3 substrates, without high-temperature post- analysis as well as Raman spectroscopy reveal that specimens
annealing. A rotating target pellet, line focusing, laser beam prepared at optimum conditions are single phase c-axis oriented, no

scanning over the target, and high laser energy densities (-3.5-5 traces of a second phase occur.Investigations of the surface

J/cm 2 ) can be combined to yield films of nearly uniform morphology show granular surface structures in contrast to films

composition over areas -8 cm 2 ; scaleup to >20 cm2 area is grown in a similar way on MgO or SrTiO 3 single crystalsThe surface

being studied. *Baseline* Y-123 films grown on both SrTiO3 and morphology,however,is strongly influenced by the deposition

KTaO 3 at Theater -700 C (estimated Tsubstrale -625-650 C), temperature of the films and an optimization procedure for the film

followed by 02 post-annealing at lower temperatures, have deposition has to take into account this issue.The films prepared by

this in situ technique are quite stable against conventional chemicals
Tc(midpoint) > 90 K, and ATc(10%-90%) -1.0-1.5 K. Omission of used in photolitho;raphic patterni ng,however, a strong correlation

the 02 post-annealing step results in only a small (-2-3 K) between film quality before patterning and a degradation after

reduction of Tc, and in very smooth films with lateral features only patterning is observed.To prevent this an in situ technique for the

on the -150 nm length scale. Results of detailed microstructural protection of the superconducting film is developed.

and crystallographic film characterization by SEM, RBS and x-
ray diffractometry will be presented, together with 1. It.-U. Ilabermeier and G. Mertens, Proceedings of the IITM)SC

superconducting transport measurements. Conference, Stanford, 1989.

*Research sponsored by the Division of Materials Sciences, U.S.

Department of Energy under contract DE-AC05-84OR21400 with M3.6

Martin Marietta Energy Systems, Inc.
MACROSCOPIC PERSISTENT CURRRENTS IN LASER ABLATED

13.4 
YBa2 Cu3 07_x FILMS.

J. Frhlingsdorf*, U. KrUger, P. Leiderer+,
TAILORED HIH-Tc OD TH IMSMA R. Feile++, W. Zander*, RU rte r*

TAILREDHIG-TcSUPERCONDUCTING THIN FILMS MADE *Institut far Schicht- und Ionentechnik, KFA

BY LAYER-BY-LAYER DEPOSITION WITH EXCIMER LASER. Jmlitut fR c
Tomoli Kawai, Masaki Kanai, Hitoshi Tabata and Jallich, FRG

Shichio Kawai, The Institute of Scientific and ++ Institut far Physik, Universitit Mainz, FRG

Industrial Research, Osaka University, Mihogaoka,
Ibaraki, Osaka 567 Japan.
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Thin xilms of YBa Cu 0 7x have been produced in effort to circumvent these problems, buffer layers have been
situ by laser Latio2 without further low introduced as part of the thin film growth process. The buffer

temperature annealing. Films were found to be layer and the superconducting layer are sequentially deposited
polycrystalline with the c-axis preferentially using a multi-target pulsed laser deposition system. Transition
oriented normal to the substrate plane on single usinga m ut t pulsed lae deosito system ransition
crystalline (0C1 ) -SrTiO3  and (random) -ZrO 2 . temperatures of up to 88K and a large degree of c-axs orientation
Complete superconducting transitions above 92 K are observed despite the presence of a 140A amorphous SiC 2
with transition widths of about 1 K have been layer beneath the buffer layer. Growth conditions and properties
observed even on YSZ substrates. Critical curren o
densities, jc (77 K), of more than 1.5 x 10 of various buffer layers, including zirconia-based buffers, as

A/cmz could be obtained on SrTiO3-substrates. measured by x-ray diffraction and TEM will be presented. In
This new technique enables deposition of films as addition, the results of the characterization of the
thin as 10 nam with excellent superconducting superconducting properties of the films will be discussed.
properties; it requires short process times (< 5
min ) and is a versatile method which is also * Suppod in part by the Air Force Office ofScientific Research
applicable to other materials. The high quality

of the thin films over large areas was under Contract F49620-89-C-0017.
demonstrated by the measurement of persistent
superconducting cyrrent densities (77 K) in the M3.9
order of 10 A/cm in a 1 mm broad ring of 9 mm
diameter. No dissipation of this persistent ArF LASER ABLATION OF YBa2Cu 307 - AS STUDIED BY

current could be observed during one hour. EMISSION SPECTROSCOPY, SEA AND EDAX. Alon Hoffman,

and Rafael Manory, Dept. of Applied Physics, Royal

M3.7 Melbourne Institute of Technology, G.P.O BOX 2476V,

Melbourne, Victoria, 3001, Australia.

STUDY OF IN-SITU LASER-DEPOSITION OF SUPERCON- The fluorescence emission spectra from the plasma

DUCTING THIN FILMS BY IN-SITU RESISTANCE MEASURE- plume induced by ArF Eximer laser irradiation of

MENT. [.Ying, H.S. Kim, D.T. Shaw and H.S. Kwok, Institute on YBa 2 Cu 3 0 7 -x, Y, Yo, cu, CuO and YCuO were studied.
Based on a comparison between the spectra obtained

Superconductivity, State University of New York at Buffalo, Bonner for the different materials, the peaks in the

Hall, Buffalo, NY 14260 spectrum obtained for YBa 2 Cu 3 07- x were assigned.

The only oxide species detected was YO. Spatially

resolved measurements from the plasma plume

An in-situ resistance measurement was made during the deposition of emenating from the irradiated YBa 2 Cu 3 O7 -x sample

superconducting films. Silver leads were thermally evaporated before were performed. The emission spectra -from the

the deposition of the HTS film. For normal deposition conditions, plasma plume were recorded as a function of

distance from the ablated surface. The variation in

leading to in-situ as-deposited HTS films, i.e. 5 mTorr 02 pressure and the spectra with distance were tentatively
interpreted in terms of the temperature profile,

600'C substrate temperature, the resistivity dropped sharply at the different relaxation times of excited states and

beginning of deposition and reached a minimum. After that, it in- chemical reactions occurring within the plume.

creased slowly as the deposition continued. The initial decrease was The influence of laser ablation on the morphology

due to the formation of the first few layers of HTS material. The mini- and composition of the irradiated YBa 2 Cu 30 7--

mum value of the resistivity was comparable to the typical value of Y- material was studied by SEM and EDAX. It was found

Ba-Cu-O thin films exhibiting superconductivity. However, the slow in- that the 1-2-3 composition ratio of the near

crease of the resistance indicated that the oxygen inside the film was Chanes in the morphology were observed and four

constantly diffusing out during deposition. Immediately after the distinctive regions could be identified: (i) the

inner track region in which the laser, intensity is
deposition, oxygen was filled into the chamber up to 100 Torr. The at its maximum inducing evaporation, (ii) the track

resistivity dropped to a steady value in a few seconds. It was the result rim region where melting occurs, (iii) the near

of oxygen in-diffusion leading to the final superconducting film. track region, extending out to about 0.3 mm from
the rim in which the temperature is below the
melting point and grain growth is induced, and (iv)

Measurement was also done at low oxygen pressure during deposition. the unaffected region, in which the structure is

It was found that in this case the film showed a semiconducting be- that of the original sintered material.

havior even with otherwise identical deposition conditions. The be- M3. 10

havior of the in-situ resistance change was also different.
THE PROCESSING OF SUPERCONDUCTING THIN

M3.8 FILMS OF Pb-Bi-sr-Ca-Cu-O USING LASER
ABLATION TECHNIQUES. Ljflee , M Brown,

IN-SITU GROWN YBCO FILMS AND BUFFER LAYERS ON R Jackman, I W Boyd. Department of

G. A. N. Electronic and Electrical 
Engineering,

SILICON BY PULSED LASER DEPOSITION. university College London, Torrington

Connelli, J. B. Boycel, F. Bridgesl, 2, D. B. Fennerl. 3, and D. K. Place, London WCE 7JE, UK, and F Saba,

Forkl.4. (1)Xerox Palo Alto Research Center, Palo Alto, CA Department of Materials, mperial

94304; (2)Physics Dept. Univ. of California, Santa Cruz, CA college, Lcndon SW7, UK.

95064; (3)Physics Dept., Santa Clara Univ., Santa Clara CA in this presentation we :hall di~cu s

95053; (4)Dept. of Appl. Phys, Stanford Univ., Stanford, CA the processing of the Bi-Sr-Ca-Cu-O

94305 
superconductors into thin film-- using

Laser ablation techniques. In
particular we will discuss tho attempts

Attempts to grow high quality films of the high temperature optimize both the critical

superconductors on bare silicon have been hindered by substrate- tempratures and critical currents

film interdiffusion and by thermal expansion mismatch. In an of films of the lead doped BSCCO
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material. We also intend to discuss
some recent results we have obtained M4.1 ABSTRACT NOT AVAILABLE

on the basic physical processes
operating in the ablation process. M4.2
ii particular we wish to discuss the
relationship between the shape profile FABRICATION OF TEXTURED MICROSTRUCTURES IN
of the plume of the ablated material YBa 2 CusO 46+ BY. LIQUID-PHASE SINTERING. Lijie
and the surface damage on the target
pellet caused by the laser. We also Zhang, Matin P. Harmer and Hlen M._ha , Lehigh
intond to highlight recent theoretical University, Bethlehem, PA 18015.
work which suggests an elegant method
tor extending the technique to the
deposition of high quality films, of It is well-recognized that conventionally prepared
uniform thickness, over large areas, bulk YBa 2 CusO6 . samples exhibit values of critical

current density (Jc) which are too low for practical

M3.11 ABSTRACT NOT AVAILABLE applications. However, Jin et. al. have shown that
melt-processing produces a high degree of grain

M3.12 alignment, with Jc on the order of 17,000 A/cm2. In
this study, textured microstructures have beenCHARACTERIZATION OF THE TARGET-SUBSTRATE BIAS

POTENTIAL DEPENDENCE OF PULSED LASER DEPOSITION OF developed using liquid phase sintering, where samples
YBa 2 Cu.O 7-6 .  D.B. Chrisey, K.S. Grabowski, M.S. Osofsky, are sintered close to the peritectic temperature and
J.A. Sprague, and C.R. Gossett, Naval Research Laboratory, then slowly cooled. This process produces "domains"
Washington, DC 20375-5000 of large plate-shaped aligned grains. The effects of

Pulsed laser deposition of high Tc materials offers many variables such as sintering time, temperature, and
advantages not found in conventional deposition techniques cooling rate on the degree of texture have been
such as stoichiometric deposition in a high oxygen studied. Also, a series of quenching experiments were
background pressure. In addition, the nonthermal

distribution in energy of neutral material and the presence conducted in order to determine how the
of positive ions in the laser-produced plume can also be microstructure develops during the course of the heat
effective in lowering the substrate processing temperature.
We have deposited YBa 2 Cu 3 0 7 6 thin films in situ onto (100) treatment. The relationship between the degree of
MgO and (100) SrTiO3 substrates using PLD while varying the texture and the electrical properties will be
target-substrate bias potential, oxygen background pressure, discussed, together with possible mechanisms for the
and substrate temperature in an effort to fabricate high
quality films at lower substrate temperatures. The texture development.
transport and microstructural properties of the resulting
films suggest that there is an optimum temperature for in M4.3
situ deposition of YBa 2 Cu307 -6.

SYNTHESIS OF UNIDIRECTIONALLY SOLIDIFIED Y-Ba-Cu-O
BULK SUPERCONDUCTORS WITH HIGH CRITICAL CURRENT

M3.13 DENSITY E. Yanagisawa, S. Kondoh, J. Shimoyama,
J. Kase, T. Matsubara and T. Morimoto, Research

PRH'ARATION ANi) PROPERI:ES OF EPI'IAXIAI. TllIN iii."ML OF Center, Asahi Glass Co. Ltd. , Hazawa-cho, Kanagawa-

StIIER(ONI):(TIN( Nd,_Ce,(uO,_, A (G . koren, (.(. i'ud. %. ku, Yokohama 221, Japan.

Segnivuller, and '. R. Nicuire, IBNM "1ornas.. tson Rewar', Center Box 21H,Yorlon leghs, ewYok iK8.Criticals current densityo Jc, of bulk high-T cV,,rl.n IlIeilihls, New York I1I 9N .
oxides is limited within low level which is too low
to be applied for the -*ractical use. To overcome
the problem, we tried to syi;thsize bulk material

Thin films of the electron-doped superconductor, w i th s i n g I e c r y s ta I like textures by the
Nd, Ce,,,,CuO,., have been deposited on SrTiO substrates unidirectional solidific tion of Y-Ba-Cu-O system.

using the laser ablation technique. The deposited films grow Starting mixtures of Y2 0 3 , BaCO3 and CuO with
nominal composition of Y t Cu(O-lidified .

epitaxially with the c-axis normal to the substrate on (100) were sintered at 900-950 andmet (y ix 0.4) in

oriented SrTiO, and with (103) orientation on (110) certain temperature gradients by conventional

substrates. The transport and magnetic properties of the floating zone method above 00
0

C. Then, bulk
materials of about 5x5x20 mm" without appreciable

film are very sensitive to the concentration of oxygen va- cracks or pores were obtained. These materials

cancies. Films deposited and cooled in presence of 150 mTorr have single crystal like microtextures, where a
number of small (20 pm) particles of Y 2 BaCuoof oxygen exhibit localization behavior with no evidence of homogeneously preciitate. The small pieces o?

superconductivity down to 5 K. Superconductivity is observed about IxO. 15x2 rmn were cut from the ingots, and

on annealing the films in vacuum or under a reducing atmos- the Jc was measured by the conventional I four
terminal resistivity measurement. The value of Jcphere. The best films, with composition of Nd,.,Ce,'CuO J  of our specimen is more than 4600 A/cm2 

under the
on (100) SrTiO3 , show zero resistance at 20 K with a transi- appl ied field of 10 kOe at 77 K. The effects of

tion width of 1 K. The normal-state resistivity shows me- the doping of lanthanld atoms doping on the Jc will

tallic behavior with approximately T? temperature dependence. also be discussed.

Such a dependence suggest strong electron-electron inter- X4.4

action in this system. The critical current density in zero

magnetic field has been measured to be 2x405 A/cm2 at 5.5 K. PROCESSING OF HIGEi CURENT DENSITY Y~a2Cu3Ox
SUPERCONDUCTORS. V. Selvamanickam and K. Salama.

Department of Mechanical Engineering, Texas Center of

Superconductivity, University of Houston, Houston, Texas 77004.
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A liquid phase processing method has been developed to Even in the absence of a detailed microscopic

fabricate oriented grained YBa2Cu 3Ox samples with high current theory, attempts to find a unifying description

density I 11. The current density in these samples, however, is found to for Tc in high-Tc superconducting oxides have

be sensitive to microstructure which is controlled by processing been quite successful. The relation of Tc to

parameters. Random grain growth, restriction of orientation to the hole (or electron) concentration, especially

surface and crystallographically mismatched domains of locally aligned the occurrence of a maximum value of Tc within

grains can be avoided by a proper combination of these processing a given compound and the correlation of T with

parameters. Cooling rate through the peritectic temperature is found to both the p rcentage of "active" maerial
be a crucial factor in controlling the extent of grain orientation. Samples (e.g., CuO02 - layers) and the hole

rapidly cooled and sintered at 930 C are found to exhibit no grain concentration within the active material can be

orientation due to the randomness in the recrystallization process. When qualitatively understood in terms of concepts
the cooling rate is decreased considerably, a microstructure with grains successfully used for intercalation compounds.

as long as I to 1.5 cm oriented along the length of the sample over a Including explicitly the, splitting effect of

width of 0.5 to 1 cm can be obtained. The grains are plate shaped and interlayer coupling, we have recently proposed

the fracture surface lies on the a-b plane. The decrease in the cooling rate a universal correlation of T c with the hole

apparently allows more time for recombination of the decomposed concentration per active layer which generates

phases into the superconducting phase and also pernits sufficient time a set of Tc curves that represent the

for mass transport along the fast growth a-b plane yielding elongated experimental data well.

grains. Quenching studies from different temperatures during the slow
cooling process reveals that a significant undercooling is required for Based on this model, we examine or re-examine

grain nucleation and this determines the temperature range for the structural and electronic parameters

cooling process. The samples prepared by the slow cooling process characterizing the occurrence of high-Tc
repeatedly exhibit very high current densities at 77 K. A significant superconductivity, with special emphasis on its

anisotropy in the resistivity across the grains is observed, but transport frequent and fundamental correlation with

and inductive measurements reveal a very high value of supercurrent structural instabilities.
density in excess of 104 A/cm2 in this orientation. This suggests that the
nature of grain boundaries of the material fabricated by this process is M4.7
very different from those studied earlier.
1. K. Salama, V. Selvamanickam, L. Gao, and K. Sun, Applied THE EFFECT OF THE DISTRIBUTION OF DOPANTS IN HIGH T B1-
Physics Letters, 54, 2352 (1989) COMPOUND SUPERCONDUCTORS. Ai. Nash, arquetti

University, Milwaukee, WI, Kenneth C. Goretta, Argonne

M4.5 National Laboratory, Argonne, IL, Philip Nash, Illinois
Institute of Technology, Chicago, IL, Roger B. Poeppel and

FABRICATION OF YBa 2Cu30 7 ., FILAMENTS BY EXTRUSION OF A Donglu Shi, Argonne National Laboratory, Argonne, IL.
CuOBa2Y(meOEt) (meOEt IS 2-METHOXYETHANOL) PRECUR-
SOR. M. , Rupich, S. F. Cogan, B. Lagos, and J. P. Hachey, E[C A series of 4336 Bi-Sr-Ca-Cu oxide samples doped with either
Laboratories, Inc., Norwood, MA 02062 1 to 10% metallic silver or 1 to 10% SnO were prepared

using a solid state reaction method. Thi distribution of
Superconducting YBa2Cu1O7,, filaments were fabricated by the thermal cationic dopants, the microstructure and the crystal
pyrolysis and oxidation of precursor filaments formed by room tempera- structure of the samples was studied using energy dispersive
ture extrusion of a molecular CuO 3Ba2Y(meOEt)7 (meOEt is 2-me- spectometry, scanning electron and optical microscopy and x-
thoxyethanol) complex. The molecular precursor, Cu3OBa2Y(meOEt)7 . ray di fractometry.
was synthesized by the reaction of a soluble copper(ll) oxide polymer,
(CuO)., with Ba~meOEt), and Y(meOEt), in a pyridine/2-methoxyethanol The dependence of microsturcture and T on the type and the
solvent mixture . The structure of the molecular Cu,OBa2Y(mCOEt)1  distribution of dopant and on firing s~hedules have been
precursor is believed to consist of a two dimensional array of CuO2 layers determined. The grain morphology was found to depend upon
formed by the cross-linking of the linear Cu-O-Cu-O chains by the type of dopant, varying from plates to irregular chunks.
Ba(mcOEt) 2 and Y(meOEt) 3. The polymeric structure of the precursor Addition of silver leads to a marked increase in preferred
promotes the orientation and alignment of the YBa2Cu3O.,, microstructure. orientation with (001) planes perpendicular to the pressing
Extrusion, pyrolysis and oxidation of the Cu3O3 Ba2Y(OR) precursor direction in sintered pellets. This was confirmed by
results in the formation of a YBa2Cu3O7., grain structure consisting of scanning electron microscopy.
platelets which are predominantly oriented along the filament axis. The
degree of grain orientation in the filaments and the filament density depend The restivity-temperature data show an enhanced Tc in Ag-
on the pyrolysis conditions and filament diameter. doped samples under certain conditions. Energy dispersive

spectometry indicates that the dopants mostly segregate to
Superconducting YBaaCu3O., filaments with diameters of 75 to 500 Am the grain boundaries.
were fabricated and characterized. The filaments showed transition
temperatures (onset) above 90 K and reached zero resistance at 89 K.
Critical current densities of -300 A/cm2 have been obtained at 77 K. The M4. 8
physical and chemical properties of the precursor filaments and the

olysis and oxidation conditions that yield oriented superconducting
laments will be presented. The major advantage of the process is the A NOVEL SPRAY PYROLYSIS SYSTEM FOR THE DEPOSITION

ability to influence the orientation of the YBa2CuO,., grain structure of OF HGH TC SUPERCONDUCTORS, Toby 1, Cumberbatch I.R.C.
the filaments through the structure of the precursor. in Superconductivity, Cambridge University, Cambridge,

I. M. W. Rupich et al., Appl. Phys. Lett. (submitted). England; Stephen Deane and Paul E. Barden, Engineering

Department, Cambridge University, Cambridge, England

M4. 6 A spray pyrolysis system has been developed in which the use of

airless atomisation and optical heating permits the deposition of
THE DEPENDENCE OF T FOR CERAMIC HIGH-Tc thin film superconductors at growth surface temperatures of up
SUPERCONDUCTORS ON ELECTRONIC PARAMETERS.

_r__ ieufl and R.S. arkiewicz, Materials tO 650hC. This is sufficient tO drive a pyrolytic decomposition
science Division, Barrstt Institute and reaction to completion and obviates the need for a subsequent

Departments of Chemistry and Physics, high temperature anneal to form the desired oxide. A fine

Northeastern University, Boston, MA 02115 aerosol is generated with a commercial centrifugal atomisation

system and the cross section is controlled by an annular gas

420



shower of oxygen or nitrogen. The atomisation process is further quantitative analysis using Electron Probe Micro analysis

assisted by an electrostatic field which charges the droplets so (EPMA) and x-ray color mapping methods to visualize the

reducing coalescence within the aerocolloidal suspension. The spatial distribution of reaction products. The possible
reactions which occur at ceramic superconductor/metal

substrates rest on a partially transparent sheet of ceramic and are interfaces will be discussed and examples will be shown
heated from above and below by tungsten halogen lamps. For of interfaces between Ba-Y-Cu-O and Bi-Sr-Ca-Cu-O vs.
optically transparent substrates, the energy is coupled directly a series of metals (Ag, Ni, Cu) now being considered
into the nascent film which provides a higher heat flux to the for joining and cladding applications. In a composite
growth surface than is available from diffusion through the configuration, Ag metal interlayers are found to

substrate. Local variations in the droplet flux density are promote interfacial reactions.

alleviated by the substrate executing a trochoid in the horizontal
plane whilst the position of the spray gun is fixed. M4. 11

Dense YBCO films, comprising a mixture of ternary oxides, have YBa2Cu3O? FILAMENT-SUPERPLASTIC ALLOY COMPOSITES. Emilio
been deposited directly on to glass substrates at 500°C. Results Orizaz, Miguel A. Ocampo, Centro de Investigaci6n y
will be presented from the new system for a range of Desarrollo CONDUMEX. Blvd. Cervantes Saavedra 255, 11520
superconducting materials, deposited at higher temperatures, on Mexico D.F., Mexico., David Rios-Jara, and Tatsuo Aklachi.
to conventional substrates. Instituto de Investigaciones en ?Materiales, UNAM, Apdo

Postal 70-360, 04510, Mdxico D.F., Mexico.

M4.9
Composites formed by superconducting filaments cladded with
superplastlc alloys were prepared. YBa2Cu3O7 powder was

HIGH TEMPERATURE SUSPENSION MELTING TREATMENT OF obtained by standard solid state reaction and was used to
SUPERCONDUCTING POWDER (HTSM).Zhang Jiangou, Zhou Yiru, extrude green filaments. After sintering and oxygenation,
Wang Junsheng, Yan Juntian, Liu Ansheng, Zhang Baoreo the filaments showed superconductivity at 90K (zero
and Xu Yalan. 2086204 Lab. General Research Institute resistance).
for Non-Ferrous Metals. Beijing 100088.China.

This work explored a high temperature suspension melt- A novel clad was tested using low melting point
lag process to prepare YBCO superconducting powder, and superplastic alloys. This cold process preserves the
the powder was analyzed and observed by TEN. SEN. X- YBa2Cu3 7 from deoxygenation. The composites showed
ray diffraction technigue and optical microscope, superconductivity at Tc higher than 85K. The resistivity
It is hard to obtain ideal superconductors with uni- ratiQ between the YBa2Cu3O7 ceramic material in the normal
form and pure superconducting phase using the normal state and the metal clads ranges from 5 to 50. This
powder preparing processes. In this paper, we have i1- provides the current by-pass when the superconductivity is
vestigated the effects of both non-uniform comporsi- locally lost. The metal-ceramic interface was characterized
lion of the original powder and tow portion of super- by electrical transport measurements and microstructural
conducting phase on Jc of bulk material. A new process observations. Critical current density determinations are
-- HTSM has been discovered.IHTSM process is such a way under way and will be presented.
that the normal superconduct powder is suspended in a
special high temperature furnace, melted and recrys-
tatlized instantaneously in a rich oxygen environment, M4.12
and then quenched rapidly.
The experiment indicated that HTSM process is the
powder comes not into contact with any crucible inthe SILVER IN Y-Ba-Cu-O: SUBSTITUTION, NICROSTRUCTURE,
whole process and hence avoids contamination. In the M SUPERCONDUCTING PROPERTIES. D. B. Weinberger.

case of preparing YBCO superconducting powder by HTSM L. Lynds, D. M. Potrepka, R. Cipolli, D. B. Snow,
process, the powder can be perified, the uniformity of C. T. Burila, H. E. Eaton, United Technologies
the bulk material can be improved, the portion of Research Center, East Hartford CT 06108; Z. Tan,
superconducting phase and the critical current den- J. I. Budnick, Department of Physics, University
sity can be increased. The critical current density of Connecticut, Storrs, CT 06268.
values of the butk materials were increased about 2- 3
times, and the Jc value of its tape tame up to Ag/Y-Ba-Cu-O composites have been proposed for a
7lOOArcs. variety of applications. Unlike virtually all

other metals (gold being the other notable ex-
ception), when subject to high temperature syn-
thesis processes, Ag/YBa2 Cu 307.x composites dis-

M4.10 play no degradation of superconducting Tc and
some enhancement of Jc" The composite material
consists of basically single phase YBa2 CU307.xREACTIONS AT CERAMIC SUPERCONDUCTOR/METAL INTERFACES. and Ag metal.

MljsSank. Oh and Michael R. Notis, Lehigh University,
Dept. Materials Science & Engineering, Whitaker Lab 05, To be presented is experimental evidence that Ag
Bethlehem, PA 18015 actually exists in three distinct environments in

such composites: in metallic clumps filling voids
Joining technology for ceramic superconductors is in the Y-Ba-Cu-O matrix, along Y-Ba-Cu-O grain
currently a major problem. At least two problem areas boundaries, and minimally substituted in the
have emerged: reactions which occur at ceramic/metal lattice of YBa 2 CU3 0 7 . To be detailed are
interfaces formed during composite wire fabrication, and, studies of the microsructure of Ag/Y-Ba-Cu-O
preparation of contacts with low contact resistance for composites made by cold-pressing and hot
measurement of physical properties. Characterization isostatic pressure processing (HIP) including:
techniques to examine the microstructure and X-ray diffractometry, EXAFS, light and trans-
microchemistry associated with ceramic superconductor/ mission electron microscopy, electron micro-
metal interfaces will be described. These include probe studies. These structural properties will

be correlated with magnetometry, resistivity and
critical current measurements.
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H4.13
Investigations of epitaxial growth in the rubidium barium bismuth

MICROSTRUCTURAL ANALYSES AND oxide material system have shown it to be a powerful synthetic
M A G N E T i C M E A S U R E M E N O S F technique. The simple cubic perovskite (Rb, Ba)BiO 3 can be grown
A g/Y Ba 2 C U 30 7.x C O M P O S I T ES. at temperatures below 35 0'C by molecular beam epitaxy using an
V.S.Achuthuraman, Y.J.Zhang, M.L.Mecartney, Dept. of RF plasma atomic oxygen source. Films with metallic normal state

conductivity and superconducting onsets in resistivity as high as
Chem. Eng. & Mat. Sci., University of Minnesota, 27K are obtained without annealing. The epitaxy proceeds in the
Minneapolis, MN 55455, and J.McArdle, Q.Chen, normal (1 00) orientation on (1 00) SrTiO 3, despite a 10% lattice
B.Koepke, Honeywell Inc., Minneapolis, MN 55428. mismatch. (11 0) epitaxy is obtained on (1 0 0) MgO substrates,

despite the good lattice match for (1 0 0) growth. Bismuth rich
The addition of silver or silver oxide to YBa 2 Cu 3 07. x  films are generally not superconducting and contain a phase with
powders before sintering has been observed to enhance a 9.3A lattice spacing which appears to be related to the hexagonal
densification and grain growth. This enhancement has been solid solution phase known in the barium bismuth oxide system.
postulated to occur via a liquid phase sintering mechanism. Films with moderate bismuth deficiency are also superconducting,
We have undertaken studies on the wetting behavior of Ag and show both (1 0 0) and (2 2 1) texture on SrTiO 3 in reflection
on YBa2Cu 3 OT7 x at various temperatures and the effect of high energy electron diffraction (RHEED) patterns and x-ray

diffraction scans. Films with large bismuth deficiency are
quench rate on the wetting behavior. In addition, the grain perovskite-like but are insulating and unstable in air. This picture
boundary structure of Ag/YBa2Cu 3 07. x composites and of the "phase diagram" for epitaxy, along with an understanding
distribution of silver have been analyzed by SEM and of the influence of growth conditions, can be used to achieve
TEM. Lastly, effects on magnetic susceptibility and flux control of the composition and properties of the films.
creep due to modification of the microstructure of
YBa2Cu 3 07_x by the addition of silver have been
investigated. S-UEPOSITEU SUPERCONDUCTINU Y-da-Cu-U ILM ON aas

SUBSTRATE BY HIGH PRESSURE DC SPUTTERING PROCESS.
R.J. Lin and P.T. Wu, Materials Research Laboratories,

M5.1 industrial Technology Research Institute, Chutung,
rsinchu, Taiwan, R.O.C.

fhe superconducting Y-Ba-Cu-O thin films on (100)GaAs sub-
strate have been reproducibly prepared by high pressure DCIN-SITU GROWTH OF YlBa2 Cu3 O7 _, FILMS BY MOLECULAR sputtering process without further post-annealing treatment.

BEAM EPITAXY WITH AN ACTIVATED OXYGEN SOURCE. The targets were Y-Ba-Cu-O compounds made by solid state
J. Kwo,* AT&T Bell Laborato-'s, Murray Hill, New Jersey 07974 reaction. The sputtering gases were Ar-50%0 and total

gas pressure was 1-2 torr. The substrate tefhperature was
High quality, superconducting YBa2Cu3O7_. thin films have been lower than 450°C. By now, the superconductivity of the
successfully produced by molecular beam epitaxy on MgO(0OO) at a films is Tc(onset) = 95K and Tc(zero) = 40K. The thickness
substrate temperature - 650"C. The in-situ growth was achieved by of the films is 1-2um. The detailed process and results of
incorporating neutral oxygen radicals produced by a remote X-ray diffraction, magnetization, SEM and TEM micrographs
microwave-excited plasma in a flow-tube reactor. By enhancing the Jf the films will be discussed.
flow speed of the 02 stream to minimize recombinations, we have
demonstrated remarkable improvements in the superconducting
properties. The main chamber pressure during growth is maintained M5.4
at 5x104 torr, compatible with standard MBE operation. Films 500A HIGH-Tc YBaCu307 THIN FILMS PRODUCED BY MULTILAYER
thick show reproducible sharp transitions (R=0) at 89K, and low SPUTTER DEPOSITION. Mark S. DiloriQ Kai-Yueh Yang, Andrew N.
resistivities of p(300K) f 202 i.O-cm, p(1OOK) = 70 j.&-cm. The Erickson, Biomagnetic Technologies, Inc., San Diego, CA; Patricia K
epitaxial order of (001) orientation was characterized by x-ray
diffraction and ion channeling. Furthermore, the qualities of Tsai, M. Brian Maple, University of California San Diego, La Jolla, CA.
interfacial sharpness and surface morphology are significantly
improved over the ex-situ annealed films. In-situ reflection high We have fabricated thin films of YBa 2Cu3 07 using multilayer sequential
energy electron diffraction indicated that a-layer-by-layer type of sputtering from thre metallic targets in a load-locked deposition system,
growth has produced a highly ordered, atomically smooth film The films that are sputter-deposited at room temperature in argon and
surface. The tunnel junction experiments were recently conducted. post-annealed in flowing oxygen show zero resistance at 86 K on
The results of single particle tunneling and quasiparticle tunneling yttria-stabilized zirconia (YSZ) substrates. The technique is very
will be reported. reproducible and produces moderately smooth films whose stoichiometry is
* Work done in collaborating with M. Hong, T. A. Fulton, D. J. determined by electron microprobe to be close to 1:2:3 over relatively large
Trevor, R M. Fleming, A. E. Wite, A. R Kortan, R C. Farrow, and (>2") substrate areas. Films sputter-deposited in mixed oxygen and argon

at 450 °C and post-annealed in oxygen show a shiny smooth surface,
improved film stability, and zero resistance at 84 K on YSZ substrates. The

145.2 structure of these films was studied by x-ray diffraction, which shows a
polycrystalline structure in most of the films, and a partial c-axis orientation

SUPERCONDUCTORS AND INSULATORS IN RUBIDIUM in filns annealed at higher temperatures. We have also patterned input

BARIUM BISMUTH OXIDE FILMS GROWN IN-SITU BY coupling coils from films deposited on relatively large area (1" x 0.5") YSZ
MOLECULAR BEAM EPITAXY. E. S, Hellmn E. H. Hartford, substrates for use in SQUID magnetometers.
R. M. Fleming. AT&T Bell Laboratories, Murray Hill, NJ 07974.
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M5.5 M5.8
HIGH CRITICAL CURRENT DENSITY IN ULTRATHIN YBCO
FILMS 2.X..Xi*, W.Schauer+ , J. Geerk, Q. Li , G. A u
Linker and 0. Meyer, Kernforschungszentrum .J.KJ~t, J.H.James, A.Gauzzi, B.Dwir, and
Karlsruhe, Institute fuer Nukleare D.Pavuna, Institute of Micro and
Festkoeperphysik, +Institut fuer Technis~he Physik Optoelectronics, Swiss Federal Institute of
, P.O.Box 3640, D-7500 Karlsruhe, FRG. Physics Technology, Lausanne CH 1015, Switzerland.
Department, Rutgers University, Piscataway, films have been
NJ08854,U.S.A. Superconducting YBa2Cu306 f s e

deposited by a four Ion beam deposition system.
Three ion beams are used for sputtering while

Ultrathin YBa2 Cu3 07- films were produced on the fourth, directed at the substrate, is used
(l00)SrTiO 3 and (10-0MgO substrates by hollow- for etching, oxygen assisted growth, and
cathode magnetron sputtering. Metallic patterning. As deposited superconducting films
temperature-dependence of the resistivity and full have been grown on SrTiO 3 and si with oxide
superconducting transition above 4.2 K were buffer layers (buffer layers were ion-beam
obtained in films as thin as about 3 nm (e.g. deposited). Both oxide and metalic targets, 02
Tco'62K for a film of 3.5 nm) on (100)SrTi03. Due background gas, 02 assist, and substrate
to the bigger mismatch between YBCO films and temperature have been studied to determine
(100)MgO substrates and the dislocation layers at effects on oxygen stoichiometry, critical
the film substrate interface produced thereby, the current(Jc) and superconducting transition
full superconductivity can be obtained on NgO temperature (T ). Auger electron spectroscopysubstrates only in films thicker than 6nm. The (AES) X-ray diffraction (XRD) and SEM have been
critical current density, Jc' of a 30nm thick film employed to refine processing conditions andon2x10 determine optimum processing routes for Hybride
and zero field which is comparable to that of the device structures for applications in opto-
thicker films though the Jc degraded in thinner electronics.
films 5. owever, a relatively high J of
3.5xl0A/me was still obtained in a 5nm fim at
4.2K and zero field. The field-dependence of Jc 5.9
for the 5nm film was measured and was found to be
very much different from that of the thicker IN-SITU PREPARATION AND CHARACTERIZATION OF SUPER-
films. We speculate that it is partly due to the CONDUCTING THIN FILMS AND RELATED MATERIALS BY
increasing importance of flux pinning when the MOCVD FOR THE DEVELOPMENT OF THREE TERMINAL
film thickness is decreased. SWITCHING DEVICES. R. Singh, F. Radpour, S.

Sinha, N.J. Hsu, P. Chou, R.P.S. Thakur, A. Kumar,
University of Oklahoma, Norman, OK; 3. Narayan and
R.K. Singh, North Carolina State University,

M5.6 Raleigh, NC.

SYNTHESIS AND PROPERTIES OF YBa'CU 3O 7. , THIN FILMS GROWN High throughput, low temperature deposition, sharp
IN-SITU BY SINGLE TARGET MAGNETRON SPUTTERLNG. ~.1 Eo .).Sun, interfaces, and selective deposition with direct
K.Yamamoto, and T.H Geballe, Stanford University, Stanford, CA.94305; and S.S. ion, electron and photon beam controlled tech-
Laderman, Hewlett-Packard Co., Palo Alto, CA.94304. niques are some of the key driving forces for the

development of superconducting thin films by MOCVD
Using single target off-axis sputter deposition, high quality superconducting technique. Thus, MOCVD, in addition to well
films of YBa2Cu3O7-x were made in situ on MgO(]00) substrates.0

t ) 
These films established roles in semiconductor and opto-

have properties which are distinctly different from those of bulk ceramics and of electronics industry, can play a similar major
post-deposition annealed films. Their superconducting resistive transitions role in the superconductivity industry. We have
range from 75 to 86K and remain sharp regardless of the value of Tc. Normal successfully used MOCVD for the deposition of Y-
state conductivities are as high as the best single crystals. Their critical current Ba-Cu-O superconducting thin films, RaF. as a
densities are higher than 6x10 A/cm2 at 4.2 K. buffer layer and as a dielectric material and Y 03(preferred an a gat* dielectric material due Uc
We have studied the thickness dependence of superconducting properties(Tc, 1c,) hper dielectric at due Ao
from 30oA to 5000oA thickness. Although Tc starts degrading below 200A, the higher dielectric constant of about 16). AS
transition temperature of a 30A film was still 30 K. However, the Jc drops deposited Y-Ba-Cu-O films on BaF,/YSZ substrates
linearly below 1500 A. The dependence of thickness upon nucleation, growth have zero resistance at 80K and exhibit texture of
and surface coverage is under investigation, growth with either C or a axis perpendicular to

the substrate. In this paper we will present
We measured transport properties of these films in magnetic fields of up to 8 T. preparation and characterization of Y-a-Cu-0 and
The resistive transition broadens with field perpendicular to ab plane, although other related material deposited by MOCVD. Based
much less than in post-annealed films on SrT30 3(100) substrates. We observed a on our experimental work, it appears that these
broadening which shows sign of saturation under the condition of H//J in the materials have the potential of realizing hybridab plane. We studied flux creep and flow behavior of these films from I-V semi-conductor/superconductor three terminal
characteristics and resistivity measurments at various temperatures and switching devices.
magnetic fields.

(1) C.B Eom and et al., Appl. Phys Lets to be published (Aug. 7, 1989)

M55.7 ABSTRACT NOT AVAILABLE
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15.10 4M5.13
IN-SITU GROWTH OF YBa2Cu 3 07_ x  FILMS BY METALLOW TEMPERATURE PREPARATION OF Y-Ba-Cu-O THIN ORGANIC CHEMICAL VAPOR DEPOSITION USING VERTICAL,FILMS BY OMCVD. TaI j Tsuruoka. Ryoudou HIGH-SPEED ROTATING DISK REACTOR. D_ W_ Nh. B.Kawasaki, Hitoshi Abe. and Susum Shlbata. Gallois, Stevens Institute of Technology, Hoboken,Research Laboratory. Oki Electric Industry Co.: NJ; C. Chern, B. Kear, Rutgers University,Ltd. Tokyo. Japan. Piscataway, NJ; G. S. Tompa, P. Norris, P.
Zawadzki, EMCORE, Somerset, NJ.We have developed the low temperature preparationof YBaCuO thin films by organo-metallic chemical Superconducting thin films of YBa2Cu30'7-x werevapor deposition (OM-CVD) using N2 0 gas. The grown on MgO (100) and YSZ(100) substrates withoutfilms were fabricated at a low substrate post-annealing by metal organic chemical vaportemperature as 6500 C. For the deposition of YBaCuO deposition using vertical high-speed (1100 rpm)films., we used y-diketonate metal cbelates of rotating disk reactor. The source materials were2 . 2 .6.6.-tetramethyl.3,5heptane diono-baruim, - Yth), B~md2 n uth),wihwryttrium, -copper. Critical temperature of this Y(tmhd)3 , Batmhd)2, and Cu(tmhd)2, which werefilm without after annealing was 80K. By x-ray kept at 135 oC, 240 oC, and 120 oC respectively.diffraction (XRD). we observed that c-axis of The precursors were transported using nitrogen asthe crystal Is perpendicular to the surface of the carrier gas and introduced separately into the

(100) SrTiOa substrate. Even though the films stainless steel cylindrical chamber, which wasgrown at 600uC. small XRD peaks of YBaCuO crystal maintained at 60 torr. The oxygen partial pressurecan be observed, was 30 Torr. The substrates were heated resistively
at 800

0
C. After the growth the films were cooledBy using 02 gas, the lowest temperature to prepare down at a rate of 5 OC/min under 1 atmosphericYBaCuO thin films with high Tc on SrTiO 3 substrate pressure of pure oxygen.without after annealing was 7500 C. Meanwhile, it

is well known that N 20 gas decomposes into N2 and0 (single atom) above s00c. Here we observed that The X-ray diffraction pattern of the ilms ashowedthe reduction of growth temperature of YBaCuO primarily orientation of c-axis perpendicular tofilms by using N2 0 gas depended on presence of the substrates with weak peaks of (boo)active oxygen atom, because other deposition corresponding to a-axis orientation. Scanningconditions of both cases (using 02 gas and using Electron Microscopy of the films showed well-N2 0 gas) were quite the same. developed a-xis and c-axis plate structure which
appeared as rectangular micron-sized features onThe experimental results show that the use of the MgO surface. On the YSZ substrates a-axis andactive oxygen makes it possible to crystallize c-axis plate-like projection were also observed,YBaCuO thin films at a low temperature. This low with the dense plate-like c-axis orientationtemperature is compatible with semiconductor dominant. Four probe resistance measurement showeddevice processing and reduces film contamination Teo at 91.8 K(ATc-2.2 K) and 85 K (ATc-7 K) on YSZdue to substrate diffusion, and MgO substrates respectively.

M5.11 ABSTRACT NOT AVAILABLE

M6.1 ABSTRACT NOT AVAILABLEM5. 12
INNOVATIVE LOW-TEMPERATURE METAL-ORGANIC CHEMICAL VAPORDEPOSITION (LTMOCVD) ROUTES TO THE FABRICATION OF DEVICEQUALITY HIGH TEMPERATURE OXIDE SUPERCONDUCTORS Alain E
Kaloyeros. Aiguo Feng. and Jonathan Garhart, Physics Department, State University
of New York at Albany. Albany, NY, and Marianne Holma and Kenneth Brooks,
Physics and Chemistry Departments. University of Illinois at Urbana-Champaign, M6.2Urbana. IL. CRYSTAL CHEMISTRY AND SUB-SOLIDUS PHASE RELATIONS INWe have developed methodology to produce high quality superconductor thin (LaRE) CuO SYSTEMS. Joseph F. Brinley , Steven S. Trail, Michael W.films on complex shapes and forms by low-temperature metui-organic chemical vapor McElfres and Bruce A. Scott I.B.M. Research Division, T. J. Watson Researchdeposition (LTMOCVD) from designed organomeallic compounds. Preliminary results Center, Yorktown Heights, NY 10598.will be presented from the successful growth of high-purity, high-quality Y-Ba-Cu-Ofilms (rc-89K. Jc-20.OOOA/cm2 )by simultaneous LTMOCVD of three metal - There are three closely related (RE),CuO, (RE f rare earth) structure-typesdiketonate precursor, namely, Cu(acsc)2 y(cac)3 and Ba(fod)2 with and without presently known which exhibit superconductivity at appropriate levels of electronor hole doping. Each contain isolated sheets of either 4-fold (T'), 5-fold (T*), oroxygen atmosphere. The deposition was carried out at temperatures of 300-4000C and 6-fold (T) Cu-O coordination. In an effort to determine the factors which influ-on a variety of substrates that included (100) MgO, SrTiO3, and ZrO2.stabilized silicon. ence their stabilities, a range of doped and undoped (La.RE)2 CuO 4 (RE - NdTypical deposition rate and film thickness, for films produced at a working pressure of to Y) systems were investigated, with particular focus on the crystal chemistry10-6 -l0-5 toer, were, respectively, 2-3nm and I.2pm. The thickness variation acros a of the IANd system.typical substrate was also investigated and found to be <5% /cm over the wholesubstrate. The electrical properties of the films were quite sesitive to the temperature For LA2.1NdCuO4, the structure remains that of La2CuO4 (T) and the degreeand duration of the podepo tion high-temperae annealing step. The best fnsition of orthorhombicity increases with increasing x for 0.0 9 x r 0.4. The structurelemperatu of.-89K, and the sthrpest tramtion, wereobtained for film annealed using a transforms to that of Nd2CuO 4 (T') for x k 0.5. However, careful examinationone-step slow anmeal a 850oC in 100% oxygen gat p of the x-ray powder diffirtion data for samples with La/Nd ratios = 1.0 revealed

yet a third phase whose structure corresponded to that of TO. Studies of the re-The quality of the LTMOCVDlproduced Y-Ba-Cu.O films wa investigated by maining (LA.RE)2CuO 4 systems under a variety of conditions including high ox-performing microstructural and microchemical analyms and elemental concentration ygen pressure, resulted in the observation of several new TO phases in thesesystems as well, but single phase materials with this structure could not be ob-profiling on films deposited on MgO substrates at 3500C and annealed according to the tined in most eases. Isolation of nearly pure TO LaDyCuO 4 suggests that REscheme described earlier. The films were charactmized by Auger electron specroscopy cation-ordering may be playing a role in its stabilization.(AES). scanning electron microscopy (SEM), and enerly-dispersive x-ray spectroscopy(EDXS). AES and EDXS in-depth and lateral (x-y) quantitative tnalyses were in An investigation of La1 s,NdSr .1 CuO, and Nd ,Ce 5CuO. systemsexcellent agreement. They showed that film composition was practically constant over revealed that the T and T phass are stabilized electoiycally Sy doping. Thethe entire film and independent of latal or depth position. AES quanitative analysis r-structure is stabilized only by hole doping, whereas the T'-structure is stabi-yielded a composition of YI.0Ba2.ICu3.18Ox. while EDXS yielded a composition of lized only by electron doping. In addition, the solid solution limits of theY I.0Ba2 .0Cu3.I5Ox. SEM results showed that the film exhibis a typical pauern of doped-phases could be extended by employing high-pressure (40-70 kbar) duringonented needles with an extremely smooth textue and a very smull concentration of synthesis. it was found that the critical temperature for superconductivity (T.)voids. These preliminary studies showed that the films had a constant composition over decreased gradually with increasing Nd content in La.s.Nd5 Sr .CuO, but that
the whole substrate area and that LTMOCVD-producd films might he excellent
candidates for. for example, 0tolithogrphy and patterning applicanions.
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substitution of L^ for Nd in Nd, 3 .,LaCe.,5C 4 Clidi not sigiicantly affect M16.6

for the ryl of ctmion sr a spero.uctio c f to s and o.syes l et STRUCTURAL PHASE DIAGRAM AND SUPERCONDUCTING
for discrystal chemistiyand superconduvity ofthe sy w e e BEHAVIOR IN THE Bal.xKxBiO 3 SYSTEM. J. D. Jorgensen,

Shiyou Pei, D. G. Hinks, B. Dabrowski, D. R. Richards, A. W.

6. 3 Mitchell, and D. T. Marx, Materials Science Division,

A THEItNOCHFICAL INVESTIGATION OF THE La-Sr-Cu-O SYSTEK. Argonne National Lab., Argonne, IL 60439; and S. K.

Joseph Bularzik and Alexandra Navrotsky, Princeton Sinha, J. M. Newsam, D. Vaknin, and A. J. Jacobson, Exxon
University, Princeton, NJ; and Bruce Scott, Joe Bringley Research and Engineering Co., Annandale, NJ 08801.
and Steve Trail, IBM Thomas J. Watson Research Center,
Yorktown Heights, KY. We have determined the structures of five phases in the
The perovskite related LaZCuOt oxides substituted with Bal.xKxBiO 3 system for O<x<0.5 and temperatures of 10 to
alkali earth metals were one of the first classes of high 5f00 K. Superconductivity occurs only in a cubic perov-
temperature superconductors discovered. As with many of
the high temperature superconductors the crystal skite phase for x>0.37. Tc is 30 K at the phase boundary
structure is well known and there are many studies on the and decreases with increasing x until a solubility limit for
electronic aid magnetic properties. The thermodynamic
properties are also very important to understand the K is reached near x--0.5. For decreasing x, at room tem-
ability and superconducting mechanism of these perature, the cubic phase transforms first to an ortho-
structures. rhombic lbmm phase and then to a monoclinic 12/m

Solution calorimetry using a lead borate solvent has been phase involving rotational and then breathing-mode dis-
performed on La2 CuO/ and the related Sr substituted tortions of the BiO6 octahedra, respectively. The occur-
oxides. The variation of the heat of solution with the
Sr content will be discussed. Calorimetric measurements ree of semiconducting behavior in the Ibmm phase,
on the oxide components (CuO, 1A20 s , La(OH) 3 , SrC0 3 ) where only rotational distortions are present, cannot be
yield heats of formation, explained on the basis of conventional band theory and

The oxygen content in the superconducting phnases can be raises intriguing questions about the existence of local or

varied, changing the properties, the Tc for example. An fluctuating Bi charge disproportionation which could play
accurate analysis is necessary for meaningful thermo- an important role in the superconducting behavior.
dynamic data. X-ray analysis, iodometric titrations and
TGA were used. M6.7

ELECTRON-PHONON COUPLING IN SUPERCONDUCTING

16.4 Bal.xKxBiO3 : A RAMAN-SCATrERING STUDY! K.F. McCant,
STRUCTURAL AND KAGNETIC PROPERTIES OF UNTWINNED YBa 2 Cu3 06# ,  Sandia Nat. Lab., Livermore, CA; H. B. Radousky, Lawrence Livermore

SINGLE CRYSTALS. Debra L. Kaiser, Frank W. Gayle, Lydon J. Nat. Lab., Livermore, CA; D. G. Hinks, Y. Zheng, and A. W. Mitchell,

Swartzendruber and innie ong-Ng, National Institute of Argonne Nat. Lab., Argonne, IL; T. J. Folkerts and R. N. Shelton, U.C-
Standards and Technology, Gaithersburg. KD 20899; and Davis, Davis, CA.
Steven F. Watkins and Frank R. Fronczek, Dept. of
Chemistry, Louisiana State University, Baton Rouge, LA The isotropic perovskite Bal.xKxBiO3 has been studied at temperatures
70803. down to 4 K by use of Raman spectroscopy. Polycrystalline samples were

prepared by two different methods and characterized by x-ray diffraction and
We have developed a thermomechanical process for the magnetization measurements. Selected samples were characterized by

complete removal of twins from YBa2Cu30 6 , single crystals. neutron diffraction. The superconducting phases (0.375 5 x : 0.5) are cubic

Single crystal x-ray diffraction studies on untwinned with Tc's approaching 30 K. The Raman spectra of these phases are a

crystals with superconducting transitions at 54 and 91 K combination of intenseelectronic scattering and disorder-induced phonon

have revealed that oxygen atoms in the 0(4) positions in scattering. The noncubic Bal.xKxBiO3 phases (0 < x < 0.375) have an

the basal plane are offset from the crystallographic mirror additional, intenseRamanpeakat569r
c m l ar ising fr omthe b r e ath ing-mode

plane in the j direction, leading to "zig-zag" Cu-O chains, vibration of the oxygen octahedra. Al Bal-xKxBiO3 phases haveaRaman

Other structural features will be described in detail. band around 325 cm-
1 

associated with an optical phonon domiated by

Preliminary magnetic susceptibility measurements on oxygen vibration.

untwinned crystals have shown that twin boundaries are not

the principal flux pinning sites in this material. As superconducting Ba0.6 K0.4BiO3 is cooled, the phonon band at 348 cm 1

Anisotropy in the magnetic properties along the 1k, k and q (43 meV) develops the distinctive Fano lineshape. This lineshape occurs

crystallographic directions will be discussed, when scattering from an electronic continuum interferes with scattering from
a discrete phonon. Observation of a Fano ineshape is persuasive evidence
for strong coupling between the phonon and electronic states. Significantly,

16.5 the same phonon was not observed to be strongly coupled to the electronic
states for nonsuperconducting Ba0.SKO.2BiO3 at temperatures down to 4 K.

Ba2YCu13 0 4 CRYSTAL SURFACE LAYERS; ORTHORHOMBIC The strong coupling of the optical phonon at 348 cm- 1 is suggestive of
SPLITTING, DISLOCATIONS, AND CHEMICAL ETCHING. phonon involvement in the superconducting state. Interestingly, electron-

D.J.Werder, C. H. Chen, M. Gurvitch, B. Miller, L. F. Schneemeyer and phonon coupling has been moed in the literature at nearly the identical

J. V. Waszczak, AT&T Bell Laboratories, 600 Mountain Avenue, frequency (340 cm- 1) for the'triple perovskite YBa2Cu3O7 as observed here

Murray Hill, NJ 07974. for the Bi-based perovskite.

*Supported by the USDOE, OBES, Div. of Mat. Sciences under contracts
DEAC04-76DP00789 (SNL) and W-31-109-ENG-38 (ANL) and USDOE

We find by transmission electron diffraction that the onhrhombic under contract W-7405-ENG-48 (LLNL and UC-Davis).
splitting of the upper surface layers (< 1 g±m) of single crystal
Ba2YCu3 O7 6 is reduced, differing by 10 to 30 percent from the bulk
value. We also find by transmission electron microscopy that in general
the surfaces are of inferior quality, and thus, not representative of the
bulk. These results have important consequences for those experiments
that probe only the upper surface layers. By etching with Br/ethanol
and HCtO14 /NaCtO 4 the poor quality surfaces are removed.

425



I I I I -I

N6.8 can be seen at 293 K. The one at 610cm "(Al) is remarkable
whereas the other two (A2=1020cn ', A3=1490cm') are smallMAGNETIZATION MEASUREMENTS OF 5,um Ba0 6 Ko 4 BiO3  but distinguishable. The peaks keep no change untill 205K,

CRYSTALS: APPROACH TO INTRINSIC BEHAVIOR WITH where a new peak A2'=900cm' appears. It is interesting to
DECREASING SIZE? G. S. Grader, A. F. Hebard and L. F. point out that as the temperature was stablized at
Schneemeyer, AT&T Bell Labs, Murray Hill, NJ 07974. 203.5±0.5 K for more than 30 minutes, the gradual growth

of A2' peak, and the vanishing of A2 peak can be clearly
Magnetization measurements on cubic Ba0 6 K0 4BiO3 crystals, seen. implying a quasi-isothermal process. This is in
approximately 5/m in size, have been obtained using a recently- agreement with the results of time dependent ultrasonicmeasurements at 209.0±0.1K on the similar samples, indeveloped electrodynamic force balance technique. In the presence which the isothermal-like changes in both attenuation and
of a fixed magnetic field gradient, a uniform magnetic field is velocity of both longitudinal and shear waves can last
ramped and the initial field, HI5 (T), at which flux enters the levi- for more than 20 minutes. Specific heat anomalous htrnp
tated crystal is determined as a function of temperature. The and lattice constants anomalous increases appeared also
onset of flux entry is marked by a pronounced deviation from a near this temperature, indicating a possible phase
linear magnetization together with a noticeable reorientation of trasition taking place. It is also apparent that followed
the crystal near H = 0, a reorientation caused by a field-induced the sudden changes both Al, A2' showed rapid fluctuations

until 150-140K, which is consistent with those observedtorque on the remanent moment. The dependence of H, 1 on tem- in ultrasonic and x-ray study. Dmowksl etal proposed a
perature is linear over the temperature range 7K<T<30K with a model of short-range ordering due to displacements of TI
slope approximately a factor of three higher than published values. (or Bi in our case)and 0 atoms [Phs. Rev. Lett. 61(1989)
These higher values of H,1 imply either intrinsically cleaner 2608). Such displacements of Bi and 0 atoms might take
material with a reduced Ginzburg-Landau parameter x or higher place at about 200K, leading to the structure phase
surface critical fields. In addition, our failure to observe time- transition and the tunneling motion of the atoms between
dependent flux creep (with a resolution of lOOms after applying a their two equivallent positions could result in the

field) is to be contrasted with published results on polycrystalline observed unstable behavior between 200-150K.

material where flux creep is detectable at significantly longer M7. 1
(hours) time scales. These results, a higher H, 1 and extremely ELECTRONIC STRUCUiRE CALCULATIONS OF THE COPER-OXYGEN
rapid flux entry, suggest that the intrinsic properties of high-T, PLANES IN Y2C30+y FOR 0< Y < 1. J. A. Coiordan,
superconductors may be more accurately reflected in small crystals

which are more likely to be of higher quality than larger crystals. Instituto de Investigaciones en Materiales,
Universidad Nacional Aut6noma de Mexico, Apdo. Postal

H6.9 70-360, 04510 I~xico D.F., Mexico.

HIGH TEMPERATURE NEUTRON DIFFRACTION STUDY OF Molecular ab initlo self-consistent field

THE FORMATION REACTION OF BISMUTH calculations, on clusters, simulating the copper-oxygen

SUPERCONDUCTORS, M. F. Garbauskas and R. H. Arendt, planes in the YBa2Cu306 ,y are reported. The changes in

General Eectric Company, Corporate Research and the electronic structure are studied as a function of
Development, P. 0. Box 8, Schenectady, NY 12301, J. the variation of the lattice parameters due to oxygen

D.Jorgensen and R. L. Hitterman, Argonne National concentration, 0 < y < 1.
Laboratory, 9200 S. Cass Ave., Argonne, IL 60439-4814.

Open and Closed shell calculations are performed, and

it is found that the open shell states are

A number of species have been identified in the (Bi,Pb)-Ca-Sr- energetically favored for .4 < Y < .9.

Cu-O system which superconduct with transition temperatures
ranging from -10 to -110K. The mechanism of the formation of 147.2
these different compounds is not well understood. Further, it is
not know if the species, both superconducting and non- ON THE NATURE OF HOLES IN YBa2CU3O7-x
superconducting, observed at room temperature are the same
as those existant at the formation temperatures. The course of E.E. Alp, J.C. Campuzano, Q. Tennings J. Guo, L. Beaulaigue,
the chemical reaction of the 110K superconducting compound S.M. Mini, Argonne National Laboratory, Argonne IL 60439;
was followed using high temperature neutron diffraction. The M. Faiz, Y. Zhou, University of Illinois at Chicago, P.O. Box 4348,
identity and evolution of the phases formed during the reaction Chicago, IL 60680; J.Z. Liu, Northwestern University, Evanston,
will be discussed. IL 60201.

This work has benefitted from the use of the Intense Pulsed Angle-resolved oxygen K-edge x-ray absorption spectroscopy
Neutron Source at ANL which is funded by DOE, BES- measurements were performed on single crystals of
Materials Science, Contract W-31-109-ENG-38. YBa2Cu307-x . The crystals were cleaved in situ, under ultra-

high vacuum, while the sample stage was cooled to 20K.
Measurements were carried out both at low temperature and at

H6.10 ABSTRACT NOT AVAILABLE room temperature. It was found that there are two distinct
M6.11 transitions between 526 and 531 eV. The peaks in YBa 2Cu3O7-x

show strong orientation dependence, as well as an energy
INFRA-RED INVESTIGATIONS ON THE LATTICE INSTABILITY OF dispersion of 2eV. One of the peaks disappears after the sample
SINGLE PHASE (Bi.Pb)'Sr aCasCu3O x SUPEROIIUZTING CERAMIC. is heated to room temperature. Comparison of the
He Aisheng, North University of Technology.Beijing, China; s
ZhanF Jincang and Chang Fanggao, Henan Normal University, experimental results to a transition-state calculation of the

Xinxiang. China; Xiang Jiong and He Yusheng, Tsinghua absorption cross section shows good agreement with the data. It
University, Beijing, China is found that there are holes of s-symmetry on all Cu-O bonds.

Temperature dependent Infra-red absorption experiments Work supported by U.S. DOE, BES-Materials Sciences Contract
were conducted on a single phase (BiPb),Sr,CaCuO0+x #W-31-109-ENG-38
sample. Typical spectra showed that three absorption peaks
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M7. 3 M7. 5

BAND DISPERSION AND THE FERMI SURFACE OF HOLE CONCENTRATION AND SUBSTITUTIONAL DISORDER
YBa2Cu306.9 IN COMPENSATION DOPE!) NdBa 2Cu3Oy T. Penney, M. W. Shafer,

and B. L. Olson, IBM Research Division, 1. J. Watson Research Center,
I.C. Campuzano G. Jennings, M. Faiz, L. Beaulaigue, B.W. Veal, Yorktown Heights, NY 10598 USA

A.P. Paulikas, J.Z. Liu, H. Claus, K. Vandervoort, Argonne The purpose of this work is to determine the effects or hole concentration
National Laboratory, Argonne, IL 60439; A.J. Arko, R.S. List, and substitutional disorder on the transition temperature, T, in high

R.J. Bartlett, S.W. Cheong, Los Alamos National Laboratory, Los temperature superconductors, by several compensation doping exper-
Alamos, NM 87545; C.G. Olson, A.B. Yang, R. Liu, C. Gu, Ames iments. In order to obtain reliable hole concentrations we have measured

National Laboratory, Ames, IA 50011 the total holes by iodometric titration and the mobile holes by the lall
effect. The Hall constant for YBa2Cu 3Oy is temperature dependent, so the

VUV Photoemission spectroscopy measurements of hole concentration is undetermined, by Hall measurements alone. We
YBa 2Cu 3O 6 .9 single crystals cleaved in situ while cooled to 20K in have found that for various substitutions of the form
ultra-high vacuum were carried out. Under these conditions, Nd(1+x)_cCacBa2_xCu 3_ZZnOy with all Y replaced by Nd, the temperature
oxygen loss is minimised, and the surface is representative of the dependence of the Hall constant is small at lOOK so a unique Hall num-
bulk superconductor. The measurements reveal that ber is determined. We find that the ltall number correlates well with the

YBa2Cu3O6. 9 is a good metal, while YBa 2 Cu 3 O 6 is a highly number of mobile holes on the planes as calculated from the total chem-

correlated insulator. The bands show dispersions in ical holes by the recipe of Tokura et al. From our work and the work of
others, for a variety of materials with the YBa 2Cu 3O structure, there is
a dome shaped master curve of Tc vs hole concentration, with a maximum

structure calculations using the local density approximation. at about 90K and 0.2 holes / plane Cu.
The bandwidth is also in good agreement at the centre of the
Brillouin zone. By monitoring the dispersion of the bands as We have made several double doping experiments to test the validity and
they cross the Fermi energy, the Fermi surface is mapped. The form of the master curve and to compare substitutions on and off the
Fermi surface so obtained shows good agreement with the Cu-O planes. Substitution of Nd for Ba reduces the number of mobile
predictions of LDA band structure calculations, and also shows holes and Tc . However when Ca compensates for some of the Nd, the

good agreement with the Fermi surface measured by positron number ofmobile holes and T. increase. In YBa 2Cu3_,ZnOy the number

annihilation experiments of holes increases and T, decreases but one can not separate the effect of
the hole concentration from that of the disorder due to Zn at least par-

Work supported by U.S. DOE, BES-Materials Sciences Contract tially on the Cu-O planes. Our new compensation system is

#W-31 9-ENG-38 3_ZnOy which lies on the left side of the dome. With in-
creasing Zn, holes and T. initially increase following the master curve, but
then between z = 0.01 and 0.05 falls 20K below the curve, unambig-

147.4 uously showing the effect of substitutional disorder.

HIGH TEMPERATURE CERAMIC SUPERCONDUCTORS AND EXACT SOLU-
TIONS OF THE NON-LINEAR LANDAU-GINZBURG EQUATIONS. Jack A. M7.6
Tuszvnski, University of Alberta, Edmonton, Canada; and ELECTRONIC STRUCTURES OF Ga- AND Zn- SU1BSTITUTED YBa Cu 0
John M. Dixod, University of Warwick, Coventry, U.K. 2 3 7

SUPERCONDUCTORS . Yong-nian Xu and W.Y. Ching, University of
A direct link has been established between an effective Missouri-Kansas City; Department of Physics, Kansas City, No

microscopic BCS Hamiltonian and a Landau-Ginzburg (LG) 64110; K.W. Wong, Univesity of Kansas, Lawrence, Ks 66045
order parameter description of both standard and high tem-
perature superconductors. Using very recent mathematical The electronic band structures of YBa2Cu3O7 superconductor
discoveries, which have used the Symmetry Reduction Method in which one of the Cu atom was replaced by Ga or Zn have

to find exact solutions of highly non-linear partial been studied by means of the first-principles orthogonalized
LCAO method. Both cases of substitution involving the Cu on

one-dimensional analytical solutions of the equation of the chain site and the Cu on the plane site were
state for the LC free energy density. This has been done investigated. Our results show significant modifications in

the elctronic strucure due to the site-specific
both in the absence and presence of superconducting substitution. The Ga substitution reduces the density of
currents. For the two-dimensional case we have provided states (DOS) at the Fermi level by more than a factor of 2.
asymptotic and approximate expressions. For the Zn substitutions, the reductions of DOS at the Fermi

level are smaller. Ga substitution at the chain site results
We distinguish two qualitatively distinct types of beha- In the complete removal of the one dimensional chain band
viour. When the effective mass of the Cooper pairs, m*>O, near and above the Fermi level. These and other results will
we find a mean field ground state, homogeneous In space, be discussed together with current experimental observations
which corresponds to standard superconductor theory; when on substituted YBa2Cu3O7 samples.
m*<O the ground state is highly inhomogeneous and leads to * Supported by DOE Grant No. DE-FG02-84ER45170
a penetration field which is periodically damped and much
larger in high Tc materials. In this latter case the M7.7
dependence of the critical current may take a variety of
forms as a function of reduced temperature and the coher- STUDIES OF THE ELECTRONIC STRUCTURE OF HTSC AND RELATED

ence length is orders of magnitude shorter, as observed. COMPOUNDS BY X-RAY PHOTOELECTRON SPECTROSCOPY. Grii,
We conjecture that to explain high temperature supercon- UEr QueenslanD, strand P. Hoan endfthductvlt on shuld ssue m<O nd coseto -Te  University, Queensland, Australia; P. Goodman and T.J.
ductivity one should assume m*<0 and close to T-Tc White, Melbourne University, Victoria. Australia; A.M.N*-mo(T-Te), so that the normn -t o-supereonduct Ing transi- heMloreUvrsy, icri, utria A.SsStewart and J.G. Thompson. Australian National University,
tion is driven by the temperature dependence of the effec- ACT, Australia.
tive mass. In this case the mean field coefficient A, in
the vicinity of T-Tc, would then only be weakly tempera- A range of HTSC compounds have been studied by XpS
ture dependent. (La-_(SrBatuO4 , RE-1-2-3, bi-2-2-0-1. Bi-2-2-1-2 and

TI-2-2-l-2). It is found that low binding energy
contributions to the 0 is and alkaline earth (Ca,Sr,Be)
core photoelectron lines are features common to all these
compounds. The observations are consistent with initial
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state screening mechanisms. The additional charge on or nism appears to provide a natural and consistent inter-
near the alkaline earth sites should be very polarizable. pretation of high-temperature superconductivity in both
This may either cause electron or hole pairing in other the cuprates and bismuthates.
layers of the compound, or may enhance a tendency to pair
by some other mechanism. The structurally related *Supported by Office of Naval Research (NO0014-82-K-
Aurlvilllus phases and the Ca(Ba,Sr)TIO perovskltes which 0447).

are Insulators. do not exhibit these features. However,
the compound La1.xSrxCoOs, which Is "metallic" but not 147.10
superconducting, also have low binding energy 0 Is and Sr
3d components. Thus It may be that these XPS fingerprints AC SUSCEPTIBILITY STUDIES OF THE HIGH Tc
are characteristic of the wider class of "metallic" oxides. SUPERCONDUCTORS: DISSIPATIVE EFFECTS IN THE
and are necessary, but not sufficient, indicators of HTS. LA 2.xSRxCUO4.y AND YBA2CU 307. Y SYSTEMS. Xinsheno Lino.

These studies have recently been extended to the Mark Filipkowski, Joseph I. Budnick, Department of
RE2 -. Ce.Cu0 4 compounds (RE-Pr.Sm and Nd). Results for Physics & Institute of Materials Science, Univ. of
semiconducting as well as e- and p-type HTSC preparations
will be reported. Connecticut, Storrs, CT.

We present ac susceptibility results of the
L a 2 .xS r xC u O 4.y( 2 -1- 4 ): x-0.07, 0.1 and the

M7.8 YBa 2 Cu 3 07.y(1-2-3) high-Tc superconductors. The data

of the out-of-phase component X" of the susceptibility in
THE EFFECT OF MAGNETIC FIELD ON THE CRITICAL zero field of sintered solids of the two systems show
CURRENT DENSITY OF BULK SUPERCONDUCTING
WIRES. M. T.Lan.agan, U. Balachandran, C. A. Youngdahl, that the energy dissipation below Tc is very large in the
J. T. Dusek, J. J. Picciolo, and R. B. Poeppel, Argonne 2-1-4 materials but very small in the 1-2-3 materials.
National Laboratory, Argonne, IL. we discuss the possible origins of this difference

Bulk YBa 2Cu 3 07- (YBCO) wires were fabricated by a between the 2-1-4 and the 1-2-3 systems based on
conventional extrusion technique and sintered above 900'C. several models in high Tc superconductivity.
Critical current density (Jc) was measured as a function of
applied magnetic field at 77 K and was found to decrease
significantly at fields below 100 G. Such degradation of Jc has M7. 11
been attributed to weak link behavior at the grain boundaries. TRANSPORT CRITICAL CURRENT OF SINTERED YBa 2Cu30, IN TIME-
Two different diametr wires were processed identically, and VARYING MAGNETIC FIELDS. P. D. Hambourger, J. DiCillo, M.Two iffren dimetr wreswer prcesed denicalyand Gibberman, J. Marino, L. P. Valek, Cleveland State Univ.,
the smaller-diameter wire had the higher Jc. It has been Gleean, OH M an ' A. Centand Se Unv.
suggested that magnetic fields, which are generated by Cleveland, OH 44 5;* and Michael A. Centanni Ferro Cor-
electrical current, limit the current-carrying capacity of the poration, Independence, OH 44131.
wire. Magnetic fields onthe orderof10 G have been generated Susceptibility data by many authors? suggest that oscil-
by currents in bulk wire, and fields of this magnitude have lating (10 Hz-1O kHz) magnetic fields are more effective
been observed to significantly decrease Jc. in penetrating bulk YBCO than are static fields of the

A YBCO tube was fabricated and a copper wire was placed same magnitude. If so, transport critical current (Jc)
down te nter ofaheitube a coentr magneticfled might be more severely reduced by time-varying fields thandown the center of the tube. A concentric m agn etic field w as by s a i f el . We h v m a ur d i ec - r en fo -generated by a current in the wire and could interfere by static fields. We have measured direct-current four-
construtiely ourresttiy th tre an cfld inthre lead Jc in sintered samples at 77 K using steady and sinu-constructively or destructively with the magnetic field in the soidally-time-dependent (5-00 Hz) magnetic fields of up
tube. Jc increased by 10% when the current in the YBCO tube sial-iedpnet(-0 z antcfed fuwas opposite to the current in the copper wire. The to 40 G - sufficient to suppress Jc to ,20% of its zero-enhancement of J was attributed to the partial cancellation of field value. The field was oriented either parallel orthe magnetic field in the YBCO tube. perpendicular to the current. In all cases, the magneticfield strength required for a given reduction of ic wasindependent of frequency to within ,10%. Data taken at
Work supported by the U. S. Department of Energy, Office of lower temperatures and with non-sinusoidal field wavefors
Energy Storage and Distribution, Conservation and Renewable 1 tepres nd w
Energy, under Contract W-31-109-Eng-38. wi 1 be presented.

M7.9 *Supported in part by the Ohio Board of Regents Research
Challenge Program and by NASA (Grants NCC-3-19 and NAG-

Sandwich Excitons as the Mechanism of Superconductivity 3-873).
in Cuprates and Bismuthates.* Brent A. Richert, De-
partment of Physics, U.S. Air Force Academy. Colorado lSee, for example, R. B. Goldfarb et al, Extended Ab-
springs, Colorado 80840; Ewald Schachinger, Institut stracts, Symposium S, 1987 Fall Meeting, Materials Re-
iur Theoretische Physik, Technische Universitat Graz, search Society, p. 261.
Austria; and Roland E. Allen, Department of Physics,
Texas A&M University, College Station, Texas 77843.

M47.12

we consider an excitonic model in which the electron is INFLUENCE OF METALLIC SILVER INFILTRATION ON THE
localized in a 4 orbital on a metal site, and the hole MICROSTRUCrURE AND TRANSPORT PROPERTIES OFYBaCuO.
is in a linear combination of R orbitals on the Lm , M. Cassart, A. Vandenbosch, F. Delannay and
surrounding oxygen sites, with both electron and hole J-P. Issi. Unitd de Physico-Chimie et de Physique des
in an insulating LaO, BaO, etc. layer adjacent to a Matdriaux, 1 Place Croix du Sud, B-1348 Louvain-la-Neuve,
metallic CuO2 or BiO 2 plane. Even for rather large Belgium,
effective dielecLric c nstants, some of the excitons
are found to be tightly bound #nd consequently to have Wires of YBa2Cu 3O - have been prepared by swaging using
sizable transition densities a (x)p (x). We calculate silver for the metal sheat. The influence of the heat-treatment
the attractive carrier-carrier interaction V(q), and conditions on the microstructure and transport properties
use it to estimate the superconducting T as a function (i.e. thermal conductivity, thermoelectric power and electrical
of the parameters in the model. This excitonic mecha-
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resistivity) has been investigated. The same measurements M7.15
have been performed on bulk samples pressed and sintered EASILY ACTIVATED FLUX CREEP AND ANISOTROPIC
between two silver sheets. FLUCTUATION IN NdCeCuO THIN FILMS S. Hatta,

Due to the infiltration of silver into the superconductor, S. Hayashi, H. Adachi and K. Wasa Central
composite materials were obtained. The electrical resistivity Research Laboratories of Matsushita Electric

was found to decrease by more than one order of magnitude. It Industrial Co., Ltd., Moriguchi, Osaka 570, JAPAN

was observed that the presence of silver inside the bulk of the
superconducting ceramic affects the grain growth and the We report magnetic properties of NdCeCuO thin

porosity, that it does not reduce the T, and Jc values, and that it films with electron doped type. For the film of

eadsto a very small contact resistance between the oxide and Nd I eCe 0 4 Cu, 3,the sharp transition was

the metal. vnnd obs4d &t12K "iccording to Bean 6 model, 2 Jc at
4.2K was estimated to be 10 A/cm . In

M7.13 configuration H //c, the logarithmic time
dependence of diamagnetization was observed below

COMPARISON OF FLUX DYNAMICS IN TWO SAMPLES OF YBa 2 Cu307 WITH 300 Oe. The activation energy could be estimated

DIFFERENT PINNING. M. Turchinskava, L.H. Bennett, L.J. to be 0.01 eV, which was much lower than other
Swartzendruber, A. Roitburd, C.K. Chiang. M. Hill, and J.E. superconducting films with hole doped type. When
Blendell, NIST, Gaithersburg, MD, 20899, and K. Sawano, H was increased more than 400 Oe, the

Nippon Steel Corp., Kawasaki 211, Japan. diamagnetization did not show any smooth time
dependence, but it revealed largely fluctuating

The flux dynamics in two samples of YBa 2 Cu3 O, with very change. In the case of H _. c, definite
similar equilibrium superconducting properties, but with diamagnetization was obtained for the film
substantially different pinning structures, are compared. thicker than the penetration depth. Different

One sample was produced by a melt growth processi (MGP) and from the H//c configuration, both the relaxation

the other by a solid state reaction2 (SSR). Measurements by and the fluctuation were poor. This anisotropic
ac susceptibility with an applied field of 0.5 Oe gave sharp field effect was also observed in the temperature
transitions for both samples. The onset temperatures were 92 dependence of diamagnetizatio..• At H=1kOe, the

K with transition widths (10%-90%) less than 2 K. Both were diamagnetization decayed within several K in H//c

fully diamagnetic for temperatures less than about 85 K. configuration, while it held out up to T in the
Hysteresis loops and magnetization vs. time data were case of H.iLc. Such a field effect seemed to be
obtained at various temperatures for a number of applied enhanced in the NdCeCuO films, compared to other
fields. Magnetization as a function of time showed the films. This suggests that the flux creep might
characteristic In(t) behavior for both samples. At low be dominant in a weak field, however, that the
temperatures (T < 40 K) dM/dln(t) was nearly equal for both fluctuation mechanism caused by H would be likely
samples and was a linear function of T. Also for T < 40 K in the relatively high field.
hysteresis loops for both samples were well described by the
critical-state model. At 77 K, the SSR sample showed large
deviations from this model, whereas the MOP sample retained M7.16
significant pinning and was still describable by the MAGNETIZATION AND FLUX BEHAVIOUR OF YBa 2 Cu:.Oi_,
critical-state model. The MGP sample exhibited attractive SUPERCONDUCTING RINGS. Shoichi Yokoyama, Kenji
levitation at 77 K. There is also a large difference in Shimohata, Toshie Ushijima and Tadatoshi Yamada,
transport critical current at this temperature. Central Research Laboratory. Mitsubishi Electric

Corporation, AMAGASAKI. HYOGO. 661 JAPAN

1. M. Murakami, H. Morita, K. Doi and K. 
Miyamoto, Jpn. J.

Appl. Phys., to be published. The magnetization and flux creep measurements

2. J.S. Wallace, E.R. Fuller, Jr., A.S. Raynes, S.W. Freiman, at 77K were carried out for the ring and powder

J.E. Blendell, M. Balmer. and M. Hill, Proc. TMS Symposium of YBa 2 Cu3 O7 -V. Samples of YBa2 Cu.O_,, rings

on High Temperature Superconducting Oxides: Processing and (ODI9xIDl3x7mm) were made by the sintering

Properties, Las Vegas, March, 1989. process. The magnetic fields of central region

of the ring were measured by a Hall device. In
order to measure the flux creep of the samples,

M7.14 we applied the external fields of 2kG to the

FLUX PINNING AND WEAK LINK STRUCTURE samples, and decreased the fields to the lower

IN Ca2 CulO3 doped LnBa2Cu3O7-y (Ln=La, Y). fields between zero and 800G. Samples of plates

Fumio Mizuno, Hiromu Masuda, Izumi Hirabayashi, (013x4mm) were made by cold-pressing the powder

and Shoji Tanaka, that was obtained by crushing the rings. The

Superconductivity Research Laboratory, Nagoya Hall device was set between the two plates. The

Division, ISTEC, 2-4-1, Mutsuno, Atsuta-ku, magnetization and flux creep of the plates were

Nagoya 456, Japan. measured by the same method for the ring. The
critical current density(Jc) of about 200 A/cm'

The effect of Ca doping on the flux pinning and at zero external field for the rings was

the weak link structure of the LnBa2Cu3O7-y estimated by hysteresis of the magnetization.

(Ln-La, Y) system have been studied. The The flux creep equation is given by Anderson

magnitude and the magnetic field dependence of and Kim model as M(t)/M(O)=l-kT/U0 (In t) where

the critical current density were improved by k is Boltzmann's constant, T is temperature, U0
Ca doping. A small amount of impurity phases is pinning potential, t is the time and M(t) is

of Ca-related compounds such as Ca2CulO3 may magnetization. The flux creep data of rings and

work as a desireble flux pinning center. plates were almost agreed with this equation.

Moreover, it was found that the current- The pinning potentials U0 of 1. 2eV for the ring

temperature characteristics for Ca-doped samples and 0. 9eV for the plate at zero external field

showed the evidence of two kinds of super- were obtained from the flux creep data, The

conductor phases which have different transition dependence of Uo on external field for the ring

temperatures Tc and Tc'. The experimental result was greater than that for the plate.

agreed well with the Ambegaokar-Baratoff theory

for asymmetric Josephson junctions (S-I-S) in
the temperature range of TcTc' and with
proximity junction theory (S-N-S) in the range
of Tc'<T<Tc.
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M7.17 Equilibrium electrical conductivities of undoped
and doped samples were measured as a function of

VORTEX STRUCTURE: LATTICE, GLASS, OR LIQUID? temperature (VO < T < 900'C) and oxygen partial
RobertJ Soulen. Jr. S.A. Wolf, Naval pressure (10 -  < P(0 2 ) < 1 atm). Over most of
Research Laboratory, Washington ,DC. the measurement region undoped Ndl2CuO shows an

n-type, semiconducting behavior, but for highly
Recent measurements of the dissipation of vibrating reducing conditions, i.e., below 10 - 3 atm and900°C, it exhibits metallic behavior. At lowreeds coated with cuprate superconductors in a 90C tehbt ealcbhvo.A otemperaures (< 500*C) and high oxygen partial

magneticfield have been interpreted asproviding pressure (1 atm), the material becomes a p-type
evidence for the presence of new phases in type 11 semiconductor. In the doped material
superconductors: flux liquids or flux glasses. Further (Ndl.85 Ceo.15 CuO 4), the carrier concentration is

fixed by the donor concentration, and it exhibits
evidence has been cited on the basis of resistivity. We metallic behavior.
present data and a model which suggest that a more
conventional interpretation in terms of the electro- [1] Y. Tokura, H. Takagi, and S. Uchida. Nature,
dynamics of the vortices can adequately account for 3 3 (1989).
all the observations. (Supported by the Division of Materials Research,

NSF, and the Lehigh University Consortium for
M7.18 Superconducting Ceramics.

THE UPPER CRITICAL MAGNETIC FIELD OF SUPERCON- M7.21
DUCTING YBa 2 (Cu 1 .xNix)307, Youwen Xu, A.R. Mooden- TRANSPORT AND DIAMAGNETIC PROPERTIES OF 2:2:1:2 ANDbaugh, and M.unaa Material Science Division, TRNPRADDANTCPOETEOF::2N
Broohand MSNation ateral aboratory, Upt on, 1 * 2:2:2:3 (Bi,Pb)-Sr-Ca-Cu-O SUPERCONDUCTING MATERIALS. R.Brookhaven National Laboratory, Upton, NY 11973* Ibafiez, M. J. Sanchis, F. Sapina, Dltin, A- Beltrin, UICBM, Dpt.
The upper critical magnetic f ield H 2 of a series Quimica Inorginica, Universitat de Valencia, C/Dr. Moliner 50, 46100
samples of Ya 2 (Cu.nt 307 is measured. Other Burjassot (Valencia), Spain; C. Rillo, J. Bartolomd, F Lera, R. Navarro,
related parameters, such as the lower critical ICMA, CSIC-Universidad de Zaragoza, 50009 Zaragoza, Spain; G. Fsunetcf H h ansbe a lo raitl de Ia Fuente, Fibertek, Inc., 510-A Herndon Parkway, Herndon, VA,
magnetic field H i, the Ginsberg-Landau parameter USA.
s and the jump in the specific heat dc/T., are
calculated. Preliminary results show that the
temperature dependence of the magnetization M (T) The nature of the high Tc superconductive materials makes it difficult to
is linear from a few degrees below T. to 10 to densify them in wire-like form while maximizing their critical current den-
12 K below T,. The field dependence dM/dH(T) near
Tc is linear with a constant slope. With 2% of Cu sies. We haverecently shown that the Laser Floating Zone (LFZ) me-
replaced by Ni, the value of Hc is the same as thod allows thegrowth of oriented polycrystalline fibersof the bismuth
the non-substituted sample. While the value of K cupratesuperconductivephases. The influence of the precursor composi-
increases result in a lower H 1 - tion and its preparation technique, as well as the effect of the LFZ growth

*Supported by the U. S. DOE office of Basic Energy parameters and post-growth annealing on the characteristics of the resul-
Sciences, Division of Materials Science, under tant fibers have been studied.
contract No. DE-AC02-76CH00016.

Results from a complete study of the evolution of the transport properties

and the diamagnetism of "2212" and "2223" bismuth cuprate materials
FLUX LATTICE MELTING IN ANISOTROPIC HIGH T, SU- along their preparation procedure (including powder, sintered pellets and

PERCONDUCTORS. R.S. Markiewicz, Physics Department and fibers) will be presented. In addition, the effect of Pb(Bi) and Ln(Ca)

Bamnett Institute, Northeastern University, Boston, MA 02115 substitutions will also be discussed. The anisotropy in the diamagnetic

properties of the fibers has been carefully determined by a.c. magnetic

susceptibility and magnetization measurements, and the results will be re-
The Lindeman criterion for flux lattice melting in a uniaxially- lated to their composition and microstructure.
anisotropic superconductor is found to give good agreement with

M7.22
experiment, both as to the shape of the melting phase diagram CRITICAL CURRENT DENSITIES IN Bi2 Sr2 CaCu 0 . Shunji

and as to the weak anisotropy of the transition. Studies of the Nomura, Yutaka Yamada, Tomohisa Yamashita, 'Eio Yoneda.
Hisashi Yoshino and Ken Ando. Reserch and Development

flux lattice dispersion relations reveal further interesting features: Center. Toshiba Corporation, Komukai-Toshiba cho. Kawasaki,

a 'second sound' mode and a magmetoroton-like dip in the helicon Kanagawa, 210 JAPAN

branch. Bi Sr CaCu 0 single crystal has been grown by a
self -u. metAo. Transport phenomena and the magnetization

M7.20 of the single crystal have been studied. We have measured
the temperature dependence of resistivities, critical

HIGH TEMPERATUR DEFECT CHEMISTRY OF UNDOPED AND fields( H and H ) and critical current densities at 77K
Ce-DOPED Nd2CuO4- . "& A. Mehta, and by transpo.it in aciield up to 14 T as well as by M-H loops
D. H. Smyth, Materials Research Center, Whitaker in a field up to 5 T.
Lab 'i, Lehigh University, Bethlehem, PA 18015. Three different critical current densities were obtained

depending on the relative orientation of the current, the
It has been reported that Ndl. 8 5 Ce 0 .15CuO 4 is magnetic field and the Cu-O planes. The magnetic field
superconducting below 24 K if it 4 is annealed in a dependence for the critical current densities was stronger
reducing atmosphere (P(0 2 ) < 10- atm) at 10000C at 77K than that at 10K.
f1]. This study correlates the high temperatture An anisotropy in the critical current densities within
defect structure of undoped and Ce-doped Nd2 CuO4  the c plane and along the c axis was found to be
with its electrical properties. approximately 10 in the critical current density ratios in
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quantitative agreement with the anisotropy in the 147.25
normal-state resistivity. GROWMING OF Nd Ce CuO SINGLE.-CRYSTALS BY A IFLUX METHOD.

The magnetic field dependences of the critical current S.ini and C'Mfrat'itl~es, ICICB-CSIC Avda Marti i Franques
densities within the c plane measured in the fields applied s/N Barcelona (08028) Spain. J. Fontcuberta. Dept Fisica
within the c plane and along the c axis, where Lorentz Fonamental Univ de Barcelona, Diagonal 647 Barcelona
forces could be caused in both directions, were quite (018028) Spain. D. Paul. Dept of Physics, Univ of Warwick
different and the dependencies could be explained by the Coventry CV47AL , U.K.
difference in upper critical fields.

The angular dependence of the critical current densities
along the c axis in fields applied within the c basal plane We have investigated single-crystals growth of Nd C. CuO
obviously appeared in the single crystals. The anisotropy by using a flux method. The phase diagram Nd 0 iOOaX Y
in flux pinning force density is found to be Fp b/Fp a-3. been determined for a number of compositions? ?. addition,
The data provide strong evidence for flux pinning by the thle corresponding diagram for some Nd 0 -CeO compositions
incommensurate modulated structure in this system. wilb2loreotd lt 3igl cyts 2 av

147.23 dimensions up to 5 X 5 X 0.2 me have been prepared by
cooling the alumina crucibles containing the melt mixtures,

CORRELATIONS BETWEEN THE Cu-O BONDING STATES AND THE from 1250 'C to 800 *Cat a rate of 5 2C/h.
SUPE)RCONDUCTIVITY. S.C.Han

1
i. D.Z.L..

2
. X.SI.Xai.l Z.L.Waa

1
,

G.Cluh
3
. 1) Shanjglai Iasiuwaa of hlalulargy. ClaazW AraCA&ay of Siea.c.

Stant~ai. Chmou; 2) Shaaa,$aj In~iltae of T~Lunj TO~haulogy. Shnhi Chna 3) Crystals has been characterized by COAX, Magnetic Suscepti-
Xsanaa. Superconilaclivay. Inc.. 759U E. Gray Roa.d. Suit 103, Scoaid.c. AZ bility and Resistance Nesurements. The yield of x values
M52W1 in the starting compositions and the corresponding values
X-ray pbiccccutin cote-level spctr~a (XPS) has been mocaituged lor Coo in the crystals has been investigated in orden to optimize
YJ2~CaiJa B'2 Sf.Ca)Cu 2O, ad 82St 2C,12CuJO, tit order IJ abawrve th starting compositions to improve superconducting properties.
conklatiaan betweeaan ft Caa-O boningaa uws .and ft1wpeuooluaity. Bothi th Superconducting single crystals have been found for flux
Co2i.wJ0I ie eiui ob oiwdo he a~a aU lc r compositions 70% CuO. (30-z)% Nd 2 0 and z% of CeD with
relawed t w aO3,110L. 3ulaL .anda 3,111) inaial ia"w (L malicawe A laayana hole in the 03
2p h~andl). la thae aniid"aw CuO. the Cu 

2
pmr line suawcs an eoenaa~l jrcaor of th 3.75 < z < 5

3,19ajaj 3.J
10

L inouAl s~wc. Thai 311
0
L Icaare a. only obwacvcJ in VIICO .wnl

IlSCCO eioapuurknas. I0 IlA2Sr2C.CaJO&. th 3IO atta sowiaacew wiaoaaxao iic 147.26
3JlIJLanl 31 aaulone daiain~Ani. 'I~ew olascanan 1Aal~a ir.1pa.w0 z: Magnetic and Phonon Scattering in Nd 2 -. C 2 CUO 4 -: Normal State
(ncouAla fornso. witspin aIr..Te"Luwinu behavi saoqundya gap ofrl0 and Superconducting Properties. J..PN AND R.N. SHELTON,

CI.j-~alit 1104111 3.J) wa iw 3ail0L UL". HaolelCkpanjl pflrc. Ow 3,10Ltio Department of Physicis, University of California, Davis. CA 95616;
wih ii Aa w of bwwiniai alaaparaclec Carryingl a unit of paaaalac chaj;,r hi and spinl
0x It. P~aarng of 11w i3l9L bosons gaveo rite to thw "p-lypc' saayconalaau'ity. .and H.B. RADOUSKY, Lawrence Livermore Laboratory, Livermore, CA
T, 500111, to waic~ withs the. kotnity of the 3al

9
L wit.. lite chalr a, both, 94578.

thitribinaad on copper anal ony1Irn vaLCs. Onnrjlong raialaeas the 3al9L density wo
thi Tc. Synuaaaranaly.ccIrondopangp y wiaaaa II3.110boson. wallacti~ac wk ad
quitU 0 or 1. The 31110 bosn are probably r,:tponable fair the "nty Samples of Nd2 -C 2 CUO 4 . (0 < x < 0.2) were prepared by an-
1up icou"aasay. However. since an rowa *I the Copper t osd" bothl the hole-lII nealing both in air and under vacuum (10-5 torr). Powder x-ray
3,191- anal the crlgon-Iakc 3,110 slWts at. pcr.ia. athe iae,Arr. efc anol.s naot
alxloplaO. anal the patabalay of itbc W'9L "hle'k superconlawtnaay an t1w n-type" diffraction patterns indicated that all samples consisted of a single
mataerialas &ail can nta be rasloa outi. phase Nd2 CU0 4 - type tetragonal structure with crystal symmetry

147.24 14/mmm. Electrical resistivity measurements showed that all Ce
CRITICAL CURRENT AND PROCESSING TEMPERATURE IN doped Nd 2 CUO 4 -.6 samples annealed in air and those annealed in
ALIGNED SIN-4TERED COMPACT1S OF YBa2Cu 307-d. vacuum with x < 0.17 demonstate a Kondo effect resulting from the
I.E. Tkaczvk K.W. Lay. GE Corporate Research and combination of magnetic and phonon scattering. Magnetic suscep-
Development, Schenectady, NY. tibility and electrical resistivity measurements reflect the influence

of crystal field effects below 55 K. The linear temperature dependent
Magnetically aligned as well as non-aligned YBa2Cu3O7-8 term of the resistivity typical of metallic behavior in the high-T, oxides
ceramics were prepared through a powder processing method exists across the whole range of Cc concentration, with the exception
using a range of sintering and annealing temperatures. A rapid of the host compound Nd 2 CUO 4 6 which is an insulator. This indi-
rise in density for samples sintered above 900 C signals the onset cates that a model of metal-insulator transition is not appropriate in
of liquid phase sintering. Accompanying the decrease in describing the occurrence of superconductivity in Nd2 _..CC2,CUO 4...jporosity is a drop in the room temperature resistivity and a
increase in the critical current density. A oxygen anneal at 890C 147.27
improved performance as compared to anneals at 50DC possibly SEMI CONDUCTOR-METAL-SUPERCONDUCTOR TRANSITIONS IN

dueto hehig tmpeatue ecopoitin o crboats. he UNDOPED AND Ce-DOPED Nd Cu0 4 . A. Mehta, D. J. L.
duettheighezneraureecomoszonocaronaes. The Hong, and D. M. Smyth, 1aterialfF'lte~seach Center,

anisotropic properties of the Josephson coupling across grain Whitaker Lab #5, Lehigh University, Bethlehem, PA
boundaries as well as the anisotropy of the intragranular critical 18015.
current accounts for the improved performance observed in the
aligned materials. Through reduction of self-field effects, critical Nd2 Cu0 4 behaves primarily as an oxygen-deficient,

curent oer O~ /C 2 a 7K ae rprducblyobaind, n-type material. It is observed that undopedcurent oer 0 ACM at77Kar Terwdsly an ed. Nd2CuO4 undergoes a semiconductor to metal transi-The maimum Jcina /4 teslamagnetic field wa 6ad20 tion at large carrier concentrations (n>7 molet).
A/cm2' attained in the non-aligned and aligned materials The large electron concentration required to
respectively, for sintering temperatures of 950and 980C. The transform the material to a metal can be created
reduction in Jcat higher sintering temperatures is attributed to either by doping (Ce) or by sufficient reduction.

inceasd mcrcrakin oflagergrans ndto ncogrunt Insufficient Ce doping (< 7 mole%) or reduction
inceasd icrcrckig f lrgr gais ad o icogrunt result in non-superconducting n-type semiconduc-melting at the grain boundaries, tors.

Partial Support provided by the Defense Advanced Research When the metallic samples are cooled at constant
Pro"ectAgency contract #N00014-88-C000681. oxygen activity, the conductivity begins to de-

crease for temperatures below S00"C, apparently
as a result of the trapping of charge carriers.
For samples with increasing amounts of reduction,
the trapping phenomenon becomes less significant.
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The relationship between the metal-semiconductor M7.30

transition and the "trapping" phenomenon to the THE SEARCH FOR VERY HIGH TEMPERATURE
superconducting transition in Nd 2 CuO 4 will be SUPERCONDUCTIVITY
discussed. IN THE TITANIUM BORIDE SYSTEM. Brian S. Ahern.

Steven Bachowski, Rome Air Development Center.
(Supported by the Division of Materials Research, Hanscom AFB MA 01731
NSF, and the Lehigh University Consortium for
Superconducting Ceramics.) Early claims of anomalous conductivity within a

high pressure phase of Tiboride compounds have
M7.28 never been verified. In this study a range of

compounds within the Titanium Boide system have
ANISOTROPIC THERMAL CONDUCTIITY OF SUPER- been evaluated for possible high temperature

CONDUCTING LANTHANUM CUPRATE .T. MorelJ, superconducting applications. TiBs and TisB.
samples were synthesized by a variety of

C. L. Doll, and J. P. Hereans, Physics Department, General Motors techniques. TiBa was prepared in single crystal

Research Laboratories; M. S. Dresselhas, A. Cusanho, D. R. Gabbe, form via a high pressure float zone technique.
The compounds were subjected to pressures as

andH. P. Jensse, CenterforMaterialsScienceandEngineering, Mas- high as 350,O00psi at room temperature in an

sachusetts Institute of Technology,t Cambridge, MA 02139 attempt to discover a high pressure phase.
Results will be presented on the electrical,
magnetic and crystallographic characterizations

We present the first measurements of the anisotropic thermal conduc- of the crystals.

tivity of a high-T. superconducting material. The thermal conductivity

of a Sr-doped, single crystal of lanthanum cuprate has been measured M7.31

from room temperature to 4 K for the [1001 and [001] tetragonal crys EFFECTS OF OXYGEN STOICHIOMETRY ON THE

tomroohim dte ctons.rhe sample othas a00 no nal stoi cliiometry s of MAGNETIC ORDERING OF LaNi.,CuO... J. Zhao and M.S.
tallographic directions. The sample has a nominal stoichiometry of Seehra, Physics Department, West Virginia Univ, Morgantown, WV
Lal.eeSro.oCuO4 and a superconducting onset temperature of 25 K, 26506; A.F. Hep, and J.R. Gaier, NASA Lewis Research Center,

with zero resistance attained below 9 K. We observe that the ther- Cleveland, OH 44135; and R.M. Richman', Mount St. Mary's

mal couductivity at room temperature for the [001] symmetry is a fac- College, Emmitsburg, MD 21727.

tor of three smaller than the [100] direction, and the anisotropy in- We present results of magnetic susceptibility and x-ray diffraction

creases to over an order of magnitude in the liquid helium temperature measurements of La.Ni, CuO.. Synthesis of title compounds was

range. This anisotropy is in contrast to the thermal conductivity of an accomplished using standard solid state reaction methods with oxides

undoped, semiconducting lanthanum cuprate (La2 CuO4 ) crystal. We and doping Cu for Ni, y = 0.002 to 0.05. After firing at 1200*C and

regrinding three times, samples were quenched from 1000*C in
tentatively associate the anisotropy to a stronger phonon-phonon scat- either air or N. We find the magnetic ordering to be very sensitive

tering in the [001] direction. In addition, we observe a small anomaly to the oxygen stoichiometry of the samples. Antiferromagnetic order

in the [100] conduction near T,, whereas no corresponding effect is ob- is found below 10K in a liquid nitrogen-quenched sample and

served along the [001] direction. disappears when excess oxygen is introduced; the transition, however,

is not affected by the presence of copper. Our data show that the
t MIT work funded by the NSF under grant DMR87-FG05-85ER45151. magnetic properties and phase diagram of La2 NiO 4, x are similiar

to the magnetic properties and phase diagram of La 2 CuO,.., the

M7.29 parent compound of the 40K superconductors, as inferred from

INFRARED AND RAMAN SPECTROSCOPY OF PHONONS analagous literature data. We did not observe superconductivity in

IN (Nd/Pr) 2 CuO4 AND (Cao.86Sro.14)CuO2. M_ K. any of our samples of L82Ni,.YCUyO,.,.

Zaln.rJ*, Gerald Burns", E. M. McCarron', G. V.
Chandrasekhar", W. E. Farneth', and T. M. Shaw", *E. I. 1. Work performed at NASA Lewis Research Center as a

du Pont de Nemours & Co., Inc., P. 0. Box 80356, Case-NASA Summer Faculty Fellow, 1988.
Wilmington, DE 19880-0356; **IBM Research Division, T.
J. Watson Research Center, Yorktown Heights, NY 10598- 2. See: Z. Kakol, J. Spalek, and J.M. Honig, J. Solid State

0218. Chem 79, 1 (1989) for a report on the observation of

We report measurements of Infrared (IR) and Raman active diamagnetism in La 2 .xrNiO4 .

phonons in the (nominally) undoped electron
superconductors Nd2CuO4 and Pr2CuO4 (1' structure), for M7.32

ceramics and ab plane oriented crystals. Symmetry THE TRANSPORT PROPERITES AND DEFECT CHEMISTRY Of

assignments are given based upon these results. Based (La1~xSr)2CuO4_4. Ming-Jinn Tsai, Elizabeth J.

upon sO substitution and comparison with other systems, Opia ang Rarrv L. Tuller, Department of Materials

phonon assignments are made. The effect of electron Science and Engineering, MIT, Cambridge, MA 0213q

doping on the infrared and Raman active phonons will be A study of the (Lal. Srx )CuO 4 - 6 system has been
described. Finally, a comparison to the (Cao.g6Sro.14) carried out to deter'A ne x 3

.e roles of dopants and

Cu02 system, which has similar Cu-O planes is made. In oxygen stoichiometry on the transport properties

theCaCuO2 structuretherarefivelRactveand noRaman and defect chemistry of this system. A series of

active modes, in agreement with our experimental results. ceramic samples were prepared using a solution

We assign the IR active phonons in (Cao.g6Sro.14)CuO2to method with x varying between 0 and 0.5 at 0.05

specifc structural elements. The similarlies and differences intervals. Electrical measurements included 4-

seen in comparison with the r' materials will be related to probe dc resistance and thermoelectric power (TEP)

details of the crystal structure, measurements conducted under controlled oxygen
partial pressures (10-4 - 1 atm) over a wide
temperature range (25-1000 OC). The conductivity
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was found to reach a maximum for 0.15 < x < 0.2 Replacing Y(llt) by Ca(ll) in (YI.xCax)Ba2Cu 3 Os induces
which we interpret as reflecting a change from superconductivity. A solid solution limit exists, as is evidenced by the
electronic to ionic compensation of Sr. High lack of variation in unit cell parameters for values of x > 0.3. At low
sensitivity TGA measurements are used to confirm doping levels (x < 0.2 nominal), materials prepared by solid state
the dopant compensation by oxygen vacancies at techniques consist of a complex intergrowth of Ca-rich and Ca-poor 123-
high x. A transition from metal to semiconductor type phases, as well as pure YBa2Cu3Os and BaCuO2 . At higher doping
occurs at reduced temperature for x > 0.25. The levels the Ca content of the samples becomes constant (x - 0.30).
conductivity and TEP of La 2 CuO 4 show a 1/6 power Structural refinements using data collected by X-ray and neutron powder
dependence on P02  and an independence of
temperature, implying that 1) the hole diffactomet/are consistent with Ca-doping causing oxidation only of Cu
concentration is controlled by the redox reaction, in the sheet leaving the copper in the so-called chain-site as Cu(I). Many
2) the hole mobility is insensitive to both P02  of the structural changes occurring in this system upon oxidation, such as
and temperature, and surprisingly, 3) the enthalpy flattening of the CuO2-sheets and contraction of the in-plane Cu-O
of the redox reaction is nearly zero. We discuss distance, also occur in the structurally related superconducting system,
the role of Sr in modifying the defect and Pb2Sr2(Y1.xCax)Cu308. Consideration of structural changes in several
transport characteristics of La 2 CuO4 . systems leads to the conclusion that there exists an optimum level ofoxidation for the CuO2-sheets which results in the highest values of To;

the optimum value is close to a formal oxidation state of +2.5 for Cu In
H7.33 the sheets.
SUPERLATrICE MODULATION IN Nd2 CuO 4  AND THE
ELECTRON-DOPED SYSTEMS Nd2 _1 CeCuO4 AND Nd2 CuO4_,F. M7.36
C.H. Chen, DJ. Werder, A.C.W.P. James, D.W. Murphy, S. Zahurak,
R.M. Fleming, B. Batlogg, and L.F. Schneemeyer, AT&T Bell Ndu-xBixCe0.tsCuO PREPARATION AND PROPERTIES.
Laboratories, 600 Mountain Ave., Murray Hill, NJ 07974' _Cr&mihi, J.G. Lee and LV. Ramanujachary, Chemistry

Departmen Rutgcrs University, New Brunswick, NJ 08893.
We have observed a periodic superlattice modulation in Nd2 CuO4 and Effects of Bi addition or, the transport properties of the electron doped
in the electron doped Nd 2-xCexCuO 4 and Nd 2 CuO4 .F 1 systems by Ndl.8 5 Ce0. 15 CuO4 . are investigated. Polycrystalline samples were
electron diffraction and microscopy. The superlattice appears identical prepared by both conventional high temperature solid state synthesis and
in all the systems studied; it was found in both superconducting and by the decomposition of nitrate solutions containing stoichiometic
nonsuperconducting samples, but most of the samples examined were amounts of component ions. Both the normal state resistivity behavior
not homogeneous with respect to the superlactice. The superlattice and the bulk volume fraction of the superconducting phase are shown to
modulation is characterized by a wave vector q = (1/4,1/4,0) parallel to improve with the amount of Bismuth in a narrow compositional range.

Results of these investigations will be presented with a special emphasisthe Cu-0 plane; it exists in four possible variants with its c-axis parallel on the electrical and magentic properties.
to the four equivalent [111] zone axes of the underlying tetragonal
lattice. Samples quenched from high temperature invariably showed no M7.37
superlattice or superconductivity; bulk superconductivity and regions of
superlattice were observed on annealing in the range 250-750 *C. we STRUCTURAL ANALYSIS OF Nd,Ce,CuO, (x=0 .15)
believe that oxygen diffusion is responsible for this dispor ainuon SUPERCONDUCTORS. ad M.Y.Su and L. D.in~ spelacean nosulacereios.Marks, Science and Technology Center for
into superlattice and nonsuperlattice regions. Superconductivity, Department of Materials

M7.34 Science, Northwestern University, Evanston, IL
60208, and B. Krause, Dept. of Physics, Northern

La2_xBaxSr,_xYxCU2O 6 AND M2SrCu2O6 (M-Pr and Nd) Illinois University, Dekalb, IL 60115
NEW LAYERED COPPER-OXIDES WITH THE La2SrCu 2O 6
STRUCTURE. Erir. A. Hayri, Chemistry Department, Experimental results on the structure of
Brookhaven National Laboratory, Upton, N.Y. superconducting and non-superconducting Nd,-Ce,CuO 4
11973. using electron microscopy are reported. Three

different structures have been observed by

La 2 _xBaxSriYxyCu206 (0<x50.5) solid solutions, conventional and convergent beam electron
M2SrCu 2O 6  (M=La,Pr,Nd) and other doped diffraction; a 4mm phase similar to NdCuO,; a 2mm
La-Ba-Sr-Y-Cu-O compounds of the La2SrCu 2O 6  phase where the four-fold rotational symmetry
structure have been prepared and characterized element is lost; and one- and two-dimensional
by X-ray powder diffraction, electrical modulated structures where the modulation
resistivity and magnetic susceptibility wavelength is four times the unit cell and takes
measurements. All samples are semiconductors, place on either or both the a and b axes.
La2SrCu206 has a room temperature resistivity of Comparison of different samples indicates that the
-10-2 fl-cm while the corresponding Pr and Nd modulated structure is more common in samples with
compounds are -I f-cm. Doped and oxygen worse superconducting properties and contains
annealed samples show little change in physical approximately the same cerium content as the
properties. Possible reasons for the absence of unmodulated material. This is interpreted as due
superconductivity in a structure closely related
to many known high-T. materials is discussed. to Ce'" doping where there is a small displacement

in the Ce positions (and presumably additional
oxygen) leading to the modulated structure;
numerical simulated high resolution images based

M7.35 upon this model show fair agreement with the
The Structure of the 50K Superconductor (Y1 .xCax)Ba2Cu306+3 (6<0.2). experimental results. A more detailed analysis

John B. Parise, Earth and Space Sciences, State University of Now York at will be presented.

SlonyBrook, NY 11794 and Euasne M_ McCarron Ill. Central Research
and Development Department, E. I. Du Pont de Nemours & Company,
Experimental Station, P. 0. Box 80356, Wilmington, Delaware 19880-
0356
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M7.38 The phase diagram of the Cu-O plane of YBa 2Cu 306+2x is presented
SUPERCONDUCTING AND STRUCTURAL PROPERTIES OF with the emphasis on the low temperature behavior. The model is
(Bal-xKx) (Bil-yM )0 3 SYSTEM (M-T1, Pb and Sb) *. the same as the one used by de Fontaine and coworkers; namely the

R ,-DAbr, ski, D.G. Hinks, S. Pei, J.D. Jorgensen, 0-0 interaction (V2) through Cu is attractive while the nearest-
D.R. Richards, Y. Zheng, C.W. Kimball and A.W. neighbor 0-0 bond ( 1 ) and the second-neighbor 0-0 bond (V3 )
Mitchell, Materials Science Division, Argonne are repulsive. It is shown that the orthorhombic 11 phase (Oil) with
National Laboratory, Argonne, IL 60439, USA the double periodicity is stable and is surrounded by orthorhombic

Single phase samples of (Ba l - x K x ) (Bil-yMy)03 I phase (O) both for the small and large 0 densities. The boundaries
(M-Tl+3 , Pb+ 4 and Sb+) have been synthes0zed are at x = 0.125 and 0.375 in low temperatures. The constant g

over wide compositional range using a two-step (chemical potential) curves in the phase diagram for p - V2 and
procedure. In the first step, K is incorporated IL = V2 + 2V 3 lie near the 01-Ol boundaries in the O1 phase sides,
into the O-deficient Bi-reduced material during a and are particularly of importance. Numerical calculations are done
nitrogen firing at 700 0 C. Low-temperature oxygen using the cluster variation method with the same basic cluster com-
annealing removes the oxygen vacancies and binations, a square and a cross, as was used by de Fontaine et al.
increases average Bi oxidation state. For y=0 and Different from previous papers, however, a special program has been
x>0.35, samples have a simple cubic structure and devised to avoid computer underlow even for very low temperatures,
are bulk superconductors with Tc gradually and thus we can calculate low temperature phase boundaries.
decreasing from 30 to 22K as x increases to 0.50.
For y>0 samples are superconducting only in a *After August 1989: Department of Materials Science and Engineer-
simple cubic structure with Tc gradually ing, UCLA, Los Angeles, CA 90024
decreasing as y increases for fixed x. There is
no apparent relation between Bi content or M7.41
oxidation state to Tc. The highest Tc is found in
the compositional range adjacent to the GROWTH, ANNEAL AND PROPERTIES OF SINGLE CRYSTAL

structural phase transition into the lower YBa 2Cu3O,. Jingwen Zhang and Ping wang, Institutest ru tur l p ase ran iti n i n o t e l wer of Chemistry, Academia Sinica , Beijing , China ;
symmetry nonsuperconducting phase. These results o Chemistry, Acdeia ic Beijn, chia
support our earlier conjecture that optical Zhongxian Zhao, Institute of Physics, Academia
phonons (polarons) are responsible for Sinica, Beijing, China
superconductivity in Bal_xKxBiO3 system. As the compound YBa2 Cu3Ox(YBCO) is the typical of

* Supported by National Science Foundation-Office high Te superconductor. The single crystals with

of Science and Technology Centers under contract large size, good quality and two kinds of shapes

#STC-8809854 (BD, SP) and DMR87-19738 (CWK) and in YBCO oxides have been prepared by flux method

U.S Department of Energy, BES, under contract with the extra BaO+CuO as solvent. The typical

#W-31-109-ENG-38 (DGH, JDJ, YZ, AWM). size was 5 x 1.2 x 0.7 mm for the bar-shaped
crystal and 2.5 x 1.5 x 0.01 mm for the flake one.

M7.39 Both of them exhibit a transition from metal to
superconductor at 85 K after annealing in an 0

THERMODYNAMIC PROPERTIES OF OXYGEN IN YBa2Cu3Ox. flow, but before annealing the transition is at 59
P. Meuffels and R. Naeven, Institut fur Festkor- K. An important factor is that the quenching
perforschung, KFA J61ich, D-5170 Julich, F.R.G. rather than slowly cooling after the annealing.

The oxygen content x (6.15 <x <7) in YBa 2 Cu3 0 was To observe the behaviour of copper ions which are
measured as a function of oxygen pressure for tem- believed to play an important role in the
peratures between 400 and 750 *C. The orthorhom- mechanism of superconductors. The ESR measurements
bic-to-tetragonal (0-T) phase boundary was de- on the crystal samples as function of temperature
termined as a function of oxygen stoichiometry have been done. They showed notable anisotropy.
between 550 and 700 °C. From these results the The 117, 139, 165, 195, 235 cm-1 peaks of Raman
concentration dependence of the chemical potential spectra have been observed and showed the strong
and the solution enthalpy and entropy of oxygen in electron-phonon coupling and charge transfer
YBa 2Cu3Ox were derived for both phases. transition. The space image with atom level of

resolution was observed by STM (Scanning Tunnel
In both the orthorhombic and tetragonal phase the Microscope).
chemical potential increases monotonously with in-
creasing x. The chemical potential is continuous M7.42
at the O-T transition point, but the solution ant-
helpy and entropy undergoe a steplike discontinui- OXYGEN EVOLUTION FROM YBa2 Cu3 07-6 SUPERCONDUCTING
ty. These results are quite coherent with an in- POWDERS GENERATED BY AEROSOL ROUTES. Pratim Biswas and
terpretation of the phase transformation as an Derong Zhou, Department of Civil A Environmenta15 Engi-
order-disorder transition. Lattice gas models, as neering, University of Cincinnati; Jeff Grothaus, Procter
proposed in literature, explain some features of & Gamble. Cinti.; Punit Boolchand, Darl McDaniel, Univ.
the experimental observations, if one assumes re- of Cincinnati; Cincinnati, Ohio 45221-0071.
pulsive interactions between oxygen atoms on
nearest-neighbouring sites. These models, however, A novel aerosol process has been used to generate sub-
provide only a semiquntitative description. It micron sized powders of YBa2 Cu3 07-6. There is evidence
will be shown that deviations between experimental of a correlation between the critical temperature,
and theoretical data cannot be explained by merely crystallographic structure, and oxygen content of these
adopting concentration dependent oxygen site ener- superconducting powders. Oxygen evolution rates of the
gies. There seem to be entropic contributions to aerosol generated superconducting powders have been
the chemical potential, perhaps due to the Cu- measured using a thermogravimetric analyzer (TGA). The
sublattice, which also have to be considered, results are compared to those of a solid state sintered

superconducting powder.
M7.40
LOW TEMPRA'IURF IFIIAVIOR OF YBaZCu3 06+2x PIIASE The temperature of a known amount (30-35 mg) of supercon-
DIAGRAM. Rvoichi Kikuchi and Jae-Sung Choi, Department of ducting powder was increased in a reducing atmosphere
Materials Sciencc and Engineering, and Advanced Materials Tech- (N2) at a constant rate of IO°K/mtn in a Mettler TGA.
nology Program, Washington Technology Center, University of The amount of oxygen released and the rate of weight loss
Washington, Seattle, WA 98195 of the sample is measured as a function of temperature.
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From an Arrhenius plot, the activation energy and preexpo- Powders of Y-Ba-Cu-O system have been derived firm gols with
nential factor are determined assuming first order oxygen controlled morphology that have been prepared using
evolution kinetics. These are used to calculate AH, AS, Y-methoxiethousde, Ba-methoxide, and Cu-ethozide. The
and AG for each peak. AH was of the order of 0.8 ev and powders have been annealed at 8009C under high vacuum
AG about 3 ev. Assuming end products of Y203, Cu & BaO, (<0-5 Torr). Follow this treatment, the powders were
6 was calculated to be 0.05 for the aerosol samples. sinter forged. The microstructure and properties of the
These results on aerosol produced samples will be corn- resulting superconductors have been studied as a function of
Pared to conventional solid state reacted samples to the sol-structure and sinter forging conditions. The results
elucidate possible oxygen bonding configurations, will be discussed in the context of the processing parametersand microstructure.

Biswas et al.; Superconducting Powders 
Generated hy an

Aerosol Process; in press, Materials Letters, 1989. Work supported by the National Science Foundation, Office of
Science ology Centers, under Contract #DMR-
8809854 (DIC, MT, GM, and GK, Science and Technology Center

M7.La for Superconductivity - University of Illnois at Champaign
INHOMOGENEOUS SINTERING IN YBa2 Cu3 06+. Laura Urbana; MEB, Science and Technology Center for
C. Stearns, Martin P. Harmer, and elen M. Superconductivi? -- Argonne National Laboratory, YLJ and
Chan, Lehigh University, Bethlehem, PA. DLJ, Science nd Technology Center for Sul ec0iuctivity -.

Northwestem University); the U. S. Dept. of Energy, Office of
One area of the much-studied YBa 2Cu 306 tx  Energy Storage and Distrbution, C onervation ndRenewable
superconductors which is not well understood is ne (U and REP) Laborato t Division
their sintering behavior and microstructural ( (UBj a1nd RN Lart anagement Diso

Sinc themicrstruture ofunder Contract *-S1.109-Eng-38; the Amoco Chemicaldevelopment. Since the microstructures of Company (MLK); and partial support from the Division of
these materials tend to be rather non-ideal, Educatio Progams, Argonne National Laboratory (MEB).
this study focuses on the effects of
heterogeneities on sintering. In particular, M7.46
coarse inclusions have been deliberately
introduced into the starting powders in order ROUTES TO OXIDE FILMS FOR THE PROTECTION OF
to examine their influence on sintering. The CUPRATESUPERCONDUCTORS. fRaldH.Baney, Debora F.
effects of variables such as volume fraction,
size, and density of inclusions have been Bergstrom, Leslie E. Carpenter, and Donald R. Petersen,
studied. Two different starting powders were Dow Corning Corporation, Midland Ml, Dennis F. Elwell,
investigated; one compositionally stoichio- Andrew A. Shapiro, and Paul F. Fleishner, Hughes
metric and the other rich in CuO so that a
liquid would form during sintering. The role Aircraft Company, Newport Beach, CA.
of this Cu-containing liquid in the sintering
of these heterogeneous structures will be The cuprate superconductors rapidly degrade in
discussed. moisture and in the presence of organic compounds. We
M7.44 have a method of protection which consists of coatings

HIGH Tc OXIDE SOLID STATE REACTION KINETICS VIA COMPLEX and a coating process using sol/gel routes to the low
IMPEDANCE SPECTROSCOPY. E. A. Cooper and . Q. Mason, temperature formation of oxide films. In contrast to
Northwestern University, Evanston. IL; U. Balachandran and traditional organic protective films, amorphous silica
M. L. Kullberg, Argonne National Laboratory, Argonne, IL;
NSF Science and Technology Center for Superconductivity. films formed from a variety of precursors gave

excellent protection and caused little degradation of
Complex impedance spectroscopy was used to follow the bulk and film superconductors.
kinetics of solid state reaction of the Y-Ba-Cu oxide

superconductor from oxide precursors. Carefully classified
and sized large particles of CuO (25-150 pm) were imbedded The protective ability of the films were assessed by
in finely dispersed matrices of yttrium and barium oxides. monitoring the degradation of YlBa2Cu3OT.d in the
These matrix materials were prepared by a variety of means.
including solid state reaction of yttrium oxide and barium presence of 85% relative humidity at 85 OC. Volume
carbonate and sol-gel route, with and without vacuum magnetic susceptibility, four-point probe resistivity,
calcination to remove carbonate. Cold-pressed pellets were
prepared and placed between platinum electrodes in a current density measurements and x-ray diffraction
complex impedance apparatus and were sintered in situ. The were performed. Without protection, degradation was
impedance unit consisted of an IBM PC-compatible controlled almost complete within one hour of exposure. With
HP-4192A. Data were analyzed via EQUIVCRT, a commercially protection, superconducting properties were maintained
available software package.

even after 48 hours of exposure.
A single arc impedance spectrum was obtained at short and
intermediate times, from which a characteristic resistance M7.47
could be obtained. The inverse, or conductance, scaled Ag-YBa2 Cu 3 O 7 POWDER GENERATION BY AEROSOL
with the fraction of superconductor produced. Results were DECOMPOSITION, Ioiy T and Altaf H. Canm, Center
analyzed in terms of solid state reaction kinetic theory
for activation energy and particle size effect. For Micro-Engineered Ceramics, University of New Mexico,

Albuquerque, NM; Kevin Ott, Exploratory Research and
147.45 Development Center For High Temperature Superconductors,

THE EFFECTS OF THE SOLUTION STRUCTURE ON T= Los Alamos National Laboratory, Los Alamos, NM.
MICROSTRUCTURE AND PROPERTIES OF SINTER
FORGED SeL-GEL-DERIVED SUPERCONDUCTORS. The properties of metal-superconductor composites are of

' z MTeee, .Moore end G. Kordas Udversity of interest for a variety of reasons. Interfaces between
Iliteo Urbana, IL 61805; M. E. W-m6e, U Bala dan

i. L. Xullberg, and R. B. Poeppel, Aronne National superconductors and metals determine the integrity of electrical
Laboratol, Argone, IL 60489; end f. L. Jen and D. L. contacts and are of importance for composite materials which
Johnso, northwestern University, Evaston, IV= 0 can provide improved mechanical properties relative to the pure
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superconductor. In an effort to study these composite materials, M7. 50
we have produced Ag-YBa 2 Cu 3 O7 powders by decomposing SYNTHESIS OF 1-2-3 POWDER BY SPRAY CALCINATION OF
metal nitrate solution droplets in a gaseous flow system. The AEROSOLS OF PRECURSOR SOLUTIONS. R. L. Lakis and
powders were characterized by x-ray diffraction and by analytical S. R. Butler, Materials Research Center, Lehigh

and high-resolution transmission electron microscopy. Particles University, Bethlehem, PA 18015.

consisting of nanocrystalline Ag and YBa2 Cu 3 0 7 with grain We have prepared submicron powders of orthorhombic
sizes of 10 to 100 nm could be formed. For temperatures above Y-Ba-Cu oxide by generating a submicron droplet
the melting point of Ag, each polycrystalline YBa 2 Cu307 particle aerosol of precursor solutions. The aerosol

droplets are carried in an oxygen stream into a
had associated with it a single Ag crystallite. The effect of reactor high temperature furnace where they are directly
operating parameters such as residence time and temperature converted to 1-2-3 powder. The powder is
on the formation of secondary phases and particle morphology collected on a filter after a cooling section
will be discussed. The use of the particles for studies of metal- downstream from the furnace. Both nitrate andmixed anion solutions have been investigated.

superconducting ceramic interfaces will also be discussed. Process parameters investigated include: spray-
H7.48 ing rate, average droplet size, furnace tempera-

ture, furnace residence time (oxygen flow rate),
CONTROL OFMICROSTRUCTURES ANDGRAIN BOUNDARY and precursor solution composition and concentra-
PHASES IN THE MBa2CU30-a SYSTEMS. A.I. Kinfon C. tion, For a typical concentration and droplet
Davis, M. Lawrence, T. Hare, C.C. Koch and D.G. Haase, size (% 0.3 micron), we calculate a powder par-
Department of Materials Science and Engineering, North Carolina ticle size of 100 nm. High resolution SEM
State University, Raleigh, NC 27695 results confirm this as an "average" particle

size for 950*C furnace temperatures. Some larger
InpolycrystallineYBa2Cu3O7.a,crticalcurrentscontnuetobe agglomerates (n- 1-2 microns) are seen. Their

limited by both random grain orientation, and grain boundary origin in the process will be discussed. Charac-
terization of the powders by X-ray diffractionphase(s) which are present on a signifcant fraction of the and several particle size measurement methodsboundaries. The origin of these grain boundary phases are will be presented. Sintering behavior and final

investigated. Inmrials produced by the mixed oxide route, these microstructures of bodies prepared from the
are shown to correspond to local compositional variations, powders will be discussed.
consistent with the high temperature phase equilibria. The grain
boundary phases are characterized by their thermal signatures, as (Supported by the Lehigh University Consortium on
well as by TEM, XPS and scanning Auger microprobe. The phases Superconducting Ceramics.)
have a significant and characteristic effect on the sintering process,
and therefore upon the microstuctural evolution. It is also shown N7.51
that their presence reduces Jc significantly. The YBa2CU307P.
materials prepared by the mixed oxide process are compared with PROCESSING AND FABRICATION OF YBa2Cu 4 01 AND
those prepared by chemical precipitation. In the case of one YBa2CU 4Ox/YBa 2 CU3Oy COMPOSITES. U. Balachandran
.chemical" process route, the amount of grain boundary phases are M. E. Biznek, K C. Goretta, D. Shi, R. B. Poeppel, Argonne
significantly reduced, altering the sintering process. Ic values also National Laboratory, Argonne, IL; and T. 0. Mason,
increase significantly. Northwestern University, Evanston, IL.

Reaction with CO2 is shown to result in a Ba-Cu-C-O phase Powders of YBa2Cu4. ("124") were prepared via a solid state
which m its at - 9650C in 02, and is extremnely difficult to remove, reaction from a mixture of Y203, BaCO3, and CuO in the 1-2-4

stoichiometric amount. The calcined powders wereResults for Yha2Cu30",.o arc compared with GdBa2Cu3O0-,, characterized by thermal analyses and x-ray diffraction.

which has a significant range of cation solid solution. The latter is Pellets sintered in oxygen at 950aC exhibited a sharp

therefore more tolerant of the mixed oxide process route.
superconducting transition at 87 K. YBa2Cu 4 O 1/YBa2Cu3Oy

M7.49 composites were made with varying amounts of 124 and 123
EFFECT OF PURITY OF RAW MATERIALS AND PROCESSING powders and sintered over a range of temperatures and oxygen
ON THE MICROSTRUCTURE AND PROPERTIES OF HIGH TC pressures. Upor sintering, these composites exhibited
YBICus07-. Ph. DUMAS" and J. A. T. TAYLOR, N. Y. S College superconductivity r about 87 K with a sharp transition despite
of Ceramics at Alfred university, ALFRED N. Y, 14 802. the multiphase atructure. The experimental results are

Microstructure and properties of high TC YBCusOy7- Ceramics discussed in relation to the microstructures obtained.
were studied as a function of purity of raw materials and processing Work supported by the U. S. Department of Energy, Office of Energy
conditions. Technical and reagent grade raw materials were used to Storage and Distribution, Conservation and Renewable Energy (UB, KCG,
prepare the precursor superconducting powder, the characteristics of RBP), Office of Basic Energy Sciences - Materials Science (KCG, DS),
which were monitored by XRD, chemical analysis, thermal analysis under Contract W-31-109-Eng-38, and the National Science Foundation,
and SEM. Office of Science and Technology Centers, under Contract #STC-8809854
Bulk specimens were then prepared with these two mester batches by (MEB, Science and Technology Center for Superconductivity - Argonne
conventional solid state sintering. Superconducting properties were National Laboratory; TOM, Science and Technology Center for
examined by T-resistivity studies and by magetic susceptibility. Mi- Superconductivity -- Northwestern University). MEB acknowledges
croetructure was characterised by SEM and phase identification by partial support from the Division of Educational Programs, Argonne
XRD and EDS. National Laboratory.

The effecte of impurities on microetructure and electrical properties N7.52
will be discussed.

CRYSTALLITE ORIENTATION IN YBaCu CERAMIC LAYERS
SINTERED ON SILVER SUBSTRATES. Claus Schiller, Felix
Greuter and Petra Kluge-Weiss, ABB Corporate

Research, Baden, Switzerland
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A stoichiometric precursor powder of YBACu with 0.8 performed on samples of YBa Cu o prepared using
grain size was prepared by solid state reaction meKAots.7-X The starting

- 0.1 md coprecipitation materials were the oxides CuO(s) and Y20a(s) and
of oxalates in organic liquids, followed by either the usual BaCO or Ba(NO ) The sudy was

calcination at 580*C. Stable suspensions of this performed to examine 1he effectMs of the carbonate
powder were obtained in i-Propanol and used in a on residual materials in the samples after

controlled dip coating process. Well packed powder syntheses.

layers formed on Ag foils. During reactive sintering The course of the synthetic chemical reaction was

of such layers, a small volume of a transient liquid studied by thermal analyses. Mass spectrometry
phase develops close to 920*C, the BaCuO2/CuO was used to study residual materials in the

eutectic temperature. This phase induces oriented samples: comparative data for carbon-oxygenspecies will be presented. In addition, scanning
nucleation and growth of crystallites on the Ag electron microscopy coupled with energy dispersive

surface before it is consumed by the progression X-ray analysis (SEM-EDAX) was used to analyze the

reaction. At completion of the reactive sintering, a surfaces of the two materials. The significance

dense, single phase, polycrystalline ceramic layer in materials preparation will be discussed.
has formed consisting of highly oriented M47.55
crystallites with their a, b-axis parallel to the ONE-STP SYNTESIS AND DENSIFICATION OF BULK
substrate surface. YBa 2 Cu 4 O8 /Ni COMPOSITE SUPERCONDUCTORS. C. Go-

linas and B. Champagne, National Research Council
":BaCu layers 5-10 ;,tm thick on Ag strips 50 Im thick, Canada, Boucherville, Quebec, Canada, J4B 6Y4.
3 mm wide have Tc = 90 K (AT - 2 K) and Jc > 1000

A/cm asmeasredwithdc nd mgneizaton.The fabrication of bulk YBa2 Cu Ox/metal composite
A/cm2 as measured with dc and magnetization. superconductors is not a straightforward process

because of the high oxygen-temperature dependence
Details of their microstructure and further data of of the YBa 2Cu 3Ox phase. After fabrication of the
their s.c. properties will be reported, composite at high temperature, it is almost im-

possible to diffuse oxygen through the metal
M7.53 envelope into the densified compound to restore

PHASE STABILITY OF LNBA2CU3OY AND LN2BACUO5 ( LN the required oxygen content for superconductivity

= Dy, Er, Eu, Gd, Ho, Sm, Yb ) . Kiichi Yoshiara. above 77K. To overcome this drawback, it is pos-

Fusaoki Uchikawa. Kiyoshi Yoshizaki, Materials sible to synthesize YBa 2Cu 4O 8 under high oxygen

and Electronic Devices Laboratory, Mitsubishi pressure. This compound is a more stable oxygen

Electric Corporation. Sagamihara-city, Kanagawa, stoichiometry phase and could remain supercon-

Japan; Kiyotaka Nakahigashl, Department of ductive after densification at high temperature.
Materials Science, University of Osaka
Prefecture, Sakai-city, Osaka, Japan In this work, hot isostatic pressing (HIPing) was

used to synthesize and densify YBa 2Cu 4 08 /Ni cam-
Phase stability of a series of LnBa2CuO, and posite superconductors in a single step. The
Ln2 BaCuOs ( Ln=Dy,ErEuGdHo,Sm.Yb ) has been choice of the starting materials was made in
studied as a function of oxygen partial pressure order to generate various oxygen pressures within
and temperature by X-ray diffraction, thermal Ni cans during HIPing. Two different types of
gravimetric and differential thermal analyses. precursors were used: oxide powders mixed in
in the above materials, a phase decomposition stoichiometric amounts (Y2 03 , BaO 2 , CuO and Cu 20)
with decreases of a sample weight took place at and YBa2Cu30x with CuO and BaO 2 .
high critical temperatures Tc (we define here
Tc as the decomposed temperature for
LnBa2Cu 3 O,. and Tc2 for Ln2BaCuOs) . In the case Depending on the precursors and the HIPing
of Ln=DyErHo and Yb, for example, the parameters, various Y-Ba-Cu-0 phases are formed:

LnBa2Cu5 O, decomposed into Ln2BaCuOs and liquid YBa 2 Cu 4 0 8 , Y 2 Ba 4 Cu7Ol5_x and Y2 BaCuO5 . Micro-
phase containing BaCuO2 and CuO at Tc and the structure and superconductive properties of these

Ln2BaCuO5  decomposed into Ln2O3 and another HIPed HTSC/Ni composites are presented.
*guid phase containing BaO, CuO and Cu 2 O at

Tc 2 , which was higher than Tc . The critical M7.56

temperature Tcl , 2(K) was changed depending IN-SI'IU PROCESSING AND REACTION OF CO2 \VIlI |YlIa 2Cu 3 ,-..
strongly on the oxygen partial , pressure P (atm) C. Michael GrecnLic 'Joseph F. Bringley, Stephen M. Gates, Bruce A. Scott,
and an effective ionic radius R (0.1 nm un1t) of Steven S. Trait, and Christophcr Dlmic. I.B.M. Research Division. T. J.
Ln atom which was eightfold for LnBa 2 Cu3O, , Watson Research Center. Yorktown llcights. NY 105S.
sevenfold for Ln2BaCuOs coordinated by oxygen
atoms . The observed values of Tc 1 , I for al l the The recent discovery of high temperature superconductivity near 90 K in the

systems, together with those of YBa 2 Cu3 O, and Y.na.Cu-O and related systems has generated tremcndous amounts of new cx-

Y2 BaCuO5  reported previously, were well pe7 ltal and theoretical research on these mateals. ilsc properties of

reproduced by following relation, respectively. polycristaine YBa 2Cu3 0,.. can be strongly influenced by the absorption of

Tc -3325. 7R' .7870. 8R-3260.1.17. Bln (P) ambient gases during processing and measurement. Studies of these ambient

Tc = -17493R
5 

* 34582R- 5489. 20.8 in ( impurity' effects in carbonate-prepared YDa Cu30, under ultra-clcan condi.

tions has been studied is a two part ultra-lui vacuum chamber n which cc-

Te relablizty index Rp was 0.5% for Tc 5 . ramics and thin rdms can be exposed to various gases at temperatures up to

1200 K and pressures up to I am. The chamber can then be evacuated to lt IV
M7.54 for Temperature-Program unedDLsoption (TI'D) and/or four-point resistivity

STUDY OF CARBONATFS USED IN THE PREPARATION OF measurements. The volatile impurity levels of, and reactions with, Yfa 2 OCu,,0

SUPERCONDUCTORS. Phillip G. Wahlbeck, Dwight L. were studied in the chamber as different processing procedures were pcrionned.

Myers, and R. Ronald Richards, Department of Ileating of superconducting VBaCuO, to tmperatures of up to 925 K
Chemistry and the Institute for Aviation Research, show that CO and 1120 are the major volatile impurities observed in TPD.
Wichita State University, Wichita, KS 67208. Their level can e reduced greatly by repeated anneaing oftle samples in oxyen

(100 Tom, 673 K). In-situ resistivity measurements show that as these impurity
Studies ut il zing thermal analyses and Knudsen levels are decreased, the superconducting transition sharpcnsi; howe vCr, no change

effusion cell mass spectrometry have been in T, is observed. TI'D was also used to monitor the out-diffusion ofO0. which

occurred with a activation energy of LiR eV. Ioth the fully oxdized
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YBa 2Cu01) and )'BIaCu 3O,.s form of the material were exposed to C0 2 at mild 17 . 59
temperatures (325-725 K). TPD measurements show that the latter absorbs sig-
nificantly more CO Indirect evidence by TPD and by X-ray powder diffraction ROLE OF SILVER IN YBa 2 Cu 3 AgxO7.8 COMPOSITE
will be presented whiich suggests that CO, can insert into oxygen vacancies in the SUPERCONDUCTORS. L. Ganapathi, Ashok Kumar and J.
partially reduced material, Furthermore, the absorption of CO 2 impedes the
kinetics of subsequent oxygen-uptake in this temperature range. CO 2 is found Narayan , Department of Materials Science and Engineering
to be a reducing agent for Y-Ba-Cu-O system under relatively mild conditions.
Prelimipasy experiments with Yna2Cu3 0 s indicate that CO2 causes appreciable North Carolina State University, Raleigh, N. C. 27695-7916
reduction to copper metal at temperatures as low as 716 K.

'Present Address: Department of Chemistry, University of Missouri, Columbia, Superconducting properties and microstructures of the
MO 65211. YBa2Cu3AgxO 7 -8 composites have been studied as a function of

M7.57 silver content, 0 < x < 6, using a variety of techniques.The
A SYSTEMATIC STUDY OF THE EFFECTS OF METAL SUBSTITUTIONS superconducting transition temperature,Tc, of these composites
FOR Cu IN YBa,(CuIxMx) 3 07.8, M=AI, Ga, Fe, Ni, Zn.
Youwcn Xu, A. R. Moodenbaujh,' Y. L. Wang, M. Suenaga, and was found to be the same, ~ 90 K, for the above range of
R. L. Sabatini, Materials Science Division, Brookhaven compositions. The composites with x > 3 are found to have
National Lab.. Upton, NY 11973.* resistivity behavior identical to silver metal above the

A series of Cu-substituted samples was prepared using well superconducting transition temperature. The peritectic
controlled and reproducible procedures '

2 . These transformation temperature of the 123 material in the composite is
preparation methods resulted in samples with typical grain
sizes of >5um. This relati\ely large grain size allowed lowered. Alloy formation between Ag and Cu is proposed to take
microprobe studies of individual grains to determine place triggering the peritectic transformation at lower
composition of the 1:2:3 phase. Microprobe was also used temperatures. The silver is observed in the form of precipitates at
to check for additional phases. Solubility limits of
substitutions for Cu in these samples are estimated, very low concentrations of silver , indicating that silver does not
Superconducting transition temperatures and lattice substitute for copper in YBa2Cu3 0 7. Lattice parameters of the
parameters are presented. It is suggested that some of
the wide discrepancies among reported T's reported in the composites were found to be invariant throughout the above
literature may, at least in part, be due to variation in composition range. The addition of Ag20 in the starting
oxygen content of samples prepared differently. In the
case of Ga, a smooth variation of T c  and lattice composition seems to stabilize the stoichiometric YBa2 Cu 3 0 7 by
parameters for x<0,10, has been widely assumed to be good way of decomposition to Ag and 0, also, the better diffusion of
evidence for a significant solid solution. However our oxygen through silver in comparison with that through the
microprobe studies show no evidence for Ga content of the
1:2:3 phase down to the x-0.0l level. Preliminary studies superconductor helps the regeneration of superconductivity in the
also show no evidence for solid solution above x=0.01 when composite superconductor.
substituting Mn, Cr, Zr, and Ti for Cu in 1:2:3.

*Supported by the US DOE Office of Basic Energy Sciences, K7.60

Division of Materials Science. under Contract DE-AC02- SOL-GEL PREPARATION, MICROWAVE SINTERING AND
76CH000 16. MICROWAVE PROPERTIES OF SUPERCONDUCTING POWDER.
Youwcn Xu, ct al.. Phys. Rev. B38. 7084, 1988. Eathi Selmi. H.S. Dewan, *S. Komarneni, V.K. Varadan and V.V.
Youwcn Xu. ct al., Phys. Rev. B39. 6667, 1989. Varadan, Research Center for the Engineering of Electronic and Acoustic

Materials, 149 Hammond Building, * Materials Research Laboratory, The
Pennsylvania State University, University Park, PA 16802.

M7.58
PREPARATION OF Ca-SUBSTITUTED YBa2Cu408 • Ultra-pure superconducting, Y Ba 2 Cu 4 Ox, powder was synthesized
T-Miglta kp, K. Yamaguchi, T. Takata, S. Gotoh using the sol-gel technique. Conventional and microwave sintering of
N. Koshizuka and S. Tanaka, Superconductivity both commercial and sol-gel prepared powders were investigated and the
Research Laboratory (SRL), ISTEC, 1-10-13, sintered samples were characterized and compared in terms of
Shinonome, Koto-ku, Tokyo, 135, Japan densification and particle size. The dielectric properties were also studied

at microwave frequencies as a function of temperature and preparation
Synthesis of bulk superconducting YBa2Cu4O8 ("I- conditions.
2-4"), containing double Cu-O chains, has been so
far done by following two methods; high oxygen
pressure annealing method [1-2], and ambient M7.61
oxygen reaction method with alkari carbonate (3].
In this report, we describe a preparation method PHASE RELATIONSHIPS IN THE Y-Ba-Cu-O IN WET CO EN-
combined with the two methods and properties of VIRONMENTS. JJ SIMMINS. Eutech Engineering Technologies. Al-
Ca-substituted "1-2-4" compound. fred, NY 14802. G.S FISCHMAN. and R L SNYDER, N Y.S Coll-ge

Samples with various compositions were prepared of Ceramics at Alfred University. Alfred, NY 14802.
by the solid state reaction method starting with
Y20 3 , Ba(N03) 2 , CuO and CaCO3. High quality
polycrystalline materials were obtained when HIP Reactions involving carbon dioxide with compounds in the Y-Ba-Cu-O
treatment in Ar+02 gas enviroment was performed system are currently under investigation Several interesting phenom-
after the ambient oxygen reaction. X-ray en have been discovered For example, it has been found that the
diffraction showed that each sample had the "1- decomposition of YtBaCuO66 in wet C02 proceeds by a step-wse
2-4" structure, with no second phase. We also
discuss about the superconducting properties of procee' involving intermediate compounds. It has also been observed
Ca-substituted "1-2-4" samples, that decomposition does not take place readily, at high temperattres

without the presence of water vapor in the system The decomposion[1JJ.Karpinski et al.;NATURE,336(1989)660. of the 211 "green phase" proceeds in a single step
(2]R.M.Hazen et al.;Appl.Phys.Lett.,54(1989)l1057.
[31R.J.Cava et al.;NATURE,338(1989)328.
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Simultaneous thermal analysis (STA) was performed in both wet The oxygen content of Bi 2Sr 2 CuO 6.y single crystals can be
and dry C0 2 environments to determine the kinetics of reaction and ac- reversibly varied between y=0 and y=0.4 by suitable heat
tivation energies for Cce decomposition. In the caseofYlBa2Cu30t+1 treatment in either oxygen or helium gas. Only crystals with
profile fitting of the CTA data was needed to determine the rates of the close to the maximum oxygen content (y=0) are superconducting
profidlretions -siu t Aa weas peded totem theay rato theabove 4.2 K. A thermogravimetric study was made of the
individual reactions. In-situ as well as post mortem X-ray difraccton oxidation and reduction kinetics of a group of small single
was used to confirm these mechanisms, crystals with typical dimensions of 5 x 5 x 0.05 mm. For these

measurements the oxygen content of the crystals was repeatedlyExperimental results as well as techniques will be discussed changed from y=O to y-0.4. Oxidation rates were studied in
7.6 flowing oxygen over the temperature range 450-8000C, and

62 reduction rates were investigated in flowing helium gas over the
PREPARATION OF FIBROUS Bi (Pb)-Sr-Ca-Cu-O CRYSTALS temperature range 740-8000C. The activation energy for
CONTAINING THE HIGH-Tc PHASE. Ichiro Matsubara, oxidation was 1 eV/atom, which was much smaller than the
Hideo Tanigawa, Toru Ogura, Hiroshi Yamashita, acivation erg f edton ofi5eV/atom. atte t re
Makoto Kinoshita, Government Industrial Research activation energy for reduction of 5 eV/atom. Attempts to remove

Institute Osaka, Ikeda City, Osaka; and Tomoji more than 0.5 oxygens per formula unit resulted in

Kawai, Osaka University, Ibaraki City, Osaka. decomposition of the Bi 2 Sr2CuO 6.y structure and the formation
of orthorhombic Bi 2Sr2 0 5.

Fibrous crystals containing the high-Tc phase of
Bi (Pb) -Sr-Ca-Cu-O superconductor have been *Research sponsored by the Division of Materials Sciences, U.S.
prepared by heating a glassy melt-quenched plate Department of Energy undercontract DE-AC05-84OR21400 with
in a stream of oxygen gas. Each fiber is composed Martin Marietta Energy Systems, Inc.
of several platelike single crystals which are
stacked in layer structure. The dimension of the
fibers are 2-10,um x 10-300vm x 3-15mm. The fibers H7.65
shows a remarkable resistance drop at 105K and HIGH-TEMPERATURE DEFORMATION OF YBa 2 CU3 O7 .8
Tc(end) at 70K. The high-Tc phase is detected on a WITH Ag ADDITIONS. L Io C. Goretta,
micro area X-ray diffractometer and the High-Tc
crystals are stacked between the low-Tc platelike J. Sulek, and J. P. Singh, Argonne National Laboratory,
crystals. The fibers have a single crystal nature Argonne, IL60439
and can be bent to a radius of curvature(R) of
0.4mm without a decrease in the Tc value. The Second phase silver additions have been observed to increase
highest Jc is 67000A/cm (63K, zero magnetic field the density ofYBa2Cu307 (123) and result in enhanced room-
in a nonbending state. It surpasses 35000A/cm temperature fracture toughness, strength and critical
even in a bending state 2 of R>lmm and finally current density (Jc). FurtherincreaseinJe can be achieved
decreases down to 3200A/cm for R=0.4mm. by the texture, which can be induced by plastic deformation.

Therefore, the steady-state flow stress of 1-2-3 samples
containing 10 and 20 vol. % Ag has been measured in direct

M7.63 compression in air at constant strain rates. The results are
compared with those obtained from unalloyed 1-2-3 between
870*C and 930"C for strain rates of 5 x 10-6 to 4 x 10-5 s-I.

PRELIMINARY INVESTIGATION OF PROCESSING AND

PHASE DIAGRAM CONSTRUCTION IN THE Y-Sr-Cu-O *Work supported by the U.S. Department of Energy,
SYSTEM. T. D. Rolin, F. S. Cheng, J. R. Ashburn, Basic Energy Sciences-Materials Sciences under Contract
H. Y. Cheng, E. E. Anderson, The University of EngMct
Alabama in Huntsville, Huntsville, AL 35899. #W-31-109-ENG-38.

M7.66
We have investigated the Y-Sr-Cu-O system which BULK MODULUS OF THE YBACU0 OXIDE SUPERCONDUCTOR OBTAINED
forms a K<NiF 4 40K superconducting phase in FROM MAGNETIC MEASUREMENTS. Bokhimi, Instituto de Fisica
addition io an 80K phase of hypothesized UNAM, a.p. 20-364, 01000 Mexico DF., Mexico.
stoichiometry Y +xSr 2 _XCU 3 O, Difficulties in
processing single phase marerials by standard The Bulk modulus of any system is normally obtained
solid state reaction of carbonates and oxides from measurements of its thermodynamic or mechanical
have compelled us to explore other methods. A properties. In this work It is shown that starting from
two-step solid state processing technique as magnetic measurements of the YBACUO oxide superconductors,
well as a coprecipitation method will be it is possible to obtain their Bulk modulus. The magnetic
discussed including the relative advantages and susceptibility at high temperatures of the YBa2CusO7-x
disadvantages of each. We will also report oxide superconductors is temperature independent for each
results of preliminary TGA/DTA measurements of oxygen deficiency x. This fact is explained if one assume
samples with several Y to Sr ratios. From data that the charge carriers in this system have a
obtained we have mapped some of the ternary free-electron like behavior. With this assumption the
phase diagram, particularly encompassing the transition temperature to the superconducting state changes
region expected to be favorable for linear with the charge carriers density. It is known that
nonstoichiometric crystal growth. This region when an exterraM pressure is applied to superconducting
of interest includes [pseudo]binary cuts along samples of YBACUO, their transition temperatures to the
YISrlCuiOz-CuO and YISr 2 Cu 3 Oz-Cuo. superconducting state change linear with pressure. If it

supposed that in this system the pressure produces only a
M7.64 change in the volume of the unit cell, but not in the

number of its charge carriers, then for this system it is
found a relation between the Bulk modulus and the magnetic

OXIDATION AND REDUCTION KINETICS OF Bi 2 Sr 2 CuO6 .y susceptibility at high temperatures. The values that areCRYSTALS." R B.CS and B.C. obtained for the Bulk modulus of the YBaaCu3O7-x oxideCYSTALeSi* State Dvison Oak .R Naoa ~and B.C. superconductors by this method, using measurements of theSales. Sol State Division, Oak Ridge National Laboratory, P.O. magnetic susceptibility at room temperature for differentoxygen deficiencies, are of the sam order of magnitud to
those reported in the literature, which were obtained from
sound-velocity and hydrostatic pressure measurements.
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M7.67 Models based on symmetic Ising models are incapable of producing
ULTRASONIC STUDY OF THE LOW TEMPERATURE STRUCTURAL PHASE ordered states beyond Ortho 1, stable or metastable, recent claims to the
TRANSITION IN YBa2Cu 3 7 6 AND ITS DEPENDENCE ON OXYGEN contrary notwith-stnding. The present model reproduces the essential
CONCENTRATION. y. eo and X. Q. Wang, Physics features of TEM micrographs and diffraction patterns of YBa2Cu 3Ox
Department, Bethlehem, Pennsylvania, 18015; and D. J. L. samples aged at low temperature.
Hong, Materials Research Center, Lehigh University,
Bethlehem, Pennsylvania, 18015. M7.70

Fe DOPANT LARGELY REPLACES Cu(2) PLANAR SITES IN AEROSOLElastic and structural instabilities have been reported PRODUCED YBa2(CuI-xFex)3O7.6SUBMICRON GRAINS AND DESTROYS
in YBa2Cu307 _6 between 210 and 270K. In order to better SUPERCONDUCTIVITY. P. Boolchand, P. Biswas, D. Zhou,
characterize these instabilities, we have carried out an W. Huff, D. McDaniel, K. Eglaid, Univ. of Cincinnati,
ultrasonic study as a function of both oxygen Cincinnati, OH 45221-0071.
concentration and annealing temperature. Measurements of
the sound velocity and ultrasound attenuation have been Several groups have examined Fe metal doping effects in
performed with simultaneous resistance measurements. The the indicated cuprate superconductor produced by con-
attenuation measurements reveal two major peaks. The ventional solid state reaction of powders. In such
upper peak occurs above 200*K. It is relatively narrow samples, there is a general concensus that Fe dopant
(-25"K) and its position, Tp, shifts downwards with largely (,85%) enters in CuO3 chains with the remainder
decreasing oxygen concentration. An analysis of the present in CuO2 planes. At x=0.015, the transition
results suggests that the upper peak is associated with temperature Tc remains nearly the same as that of the
an athermal (martensitic-type) transition starting a a pristine YBa material of = 90K.
temperature T. just above Tp. The onset of the 2Cu307 -6
transformation also appears to correspond to the We have now prepared submicron grains of indicated super-
beginning of a steep rise in the sound velocity, conductor using nitrate and Fe- chloride precursors in an
Finally, a linear relationship is obtained between the aerosol reactor. At an Fe dopant concentration of
upper peak temperature, T, and the superconducting x=0.015, Tc is found to drop sharply to <1lK, fm a
transition temperature, Tc, suggesting that the second value of 65K for the pristine aerosol sample. T'Fe
phase formed is essential for the high Tc. dopant site distribution in the aerosol sample displays

largely a unimodal distribution with the planar - B site
(6=0.02 mm/s and 6=0.41 mm/s) as the principal site.

M7.68 These results suggests that aerosol processing leads to
Fe dopant largely present in CuO 2 planes. The loss of
superconductivity in such samples would appear to be

MAGNETIC ANISOTROPY AND OXYGEN STOICHIOMETRY IN consistent with the idea of a magnetic ion inducing
YBa2 Cu3 07 -.. J. R. Ashburn, F. S. Cheng, T. D. pair-breaking in the CuO 2 planes, as in a conventional
Rolin, H. Y. Cheng, E. E. Anderson, The Nb-based low-temperature superconductor.
University of Alabama in Huntsville, Huntsville,
AL 35899.

We have investigated the interrelationship I
between the anisotropy of the magnetic P. Boolchand and D. McDaniel in Vol. 4 of "Studies of
properties and the oxygen stoichiometry in High Temperature Superconductors", Editor A. Narlikar
single crystals of YBa 2 Cu 3 07 for y between (in press), 1989.
zero and 0.6. The crystals wre grown from a
nonstoichiometric melt with the oxygen content M7.71
adjusted by quenching from appropriate
temperatures. Magnetization (in fields up to OXYGEN CONTENT VARIATION IN CATION-DEFICIENT AND

5 T) and susceptibility (from 4.2 to 100 K) were CHEMICALLY-DOPED HIGH-Tc Y-Ba-Cu-O
measured with a SQUID magnetometer. Diamagnetic SUPERCONDUCTORS. Y.H. Kag, L.W. Song, Y.D. Yao,

shielding remains near 100% for y less than 0.5 State University of New York at Buffalo; and Z.
while Meissner signals in low fields decrease in Tao, K.W. Jones, Brookhaven National Laboratory,

a stepwise fashion paralleling the decrease in Upton, NY.
Tc . Preliminary observations indicate an
exponentially increasing anisotropy in the lower Oxygen content in a variety of high-Tc
critical field with increasing y. However, the superconductors has been determined by using a
lower critical fields and magnetic relaxation charged particle activation method

1 . Compounds
both parallel and perpendicular to the c-axis studied in this experiment include Cu-deficient
appear to vary non-monotonically with increasing Y-Ba-Cu-O, Cu/Bi-deficient Bi-Sr-Ca-Cu-O and some
y in a manner reminiscent of the behavior of the systems doped with Cr, Ni, Nb, Ag, and Pb. Using
normal state conductivity and suggestive of a the oxygen content variation in Cu- and Bi-
dependence on oxygen ordering, deficient compounds as a basis, the net effects

of chemical doping on the formal valence of
M7.69 cations in Y-Ba-Cu-O and Bi-Sr-Ca-Cu-O are

compared for different types of impurity atoms.
OXYGEN ORDERING IN YBa 2Cu 3Ox. D. de Fontaine*, M.E. In the case of Bi-Sr-Ca-Cu-O compounds, Cu- and
Mann- and G. Ceder* *Department of Materials Science & Mineral Bi- deficiencies give rise to different
Engineering, U.C. Berkeley and Lawrence Berkeley Lab, Berkeley, CA variations in the oxygen content. When each kind
94720; and eDept. of Physics, U.C. Berkeley and Lawrence Berkeley of deficiency is replaced by a given dopant (e.g.
Lab, Berkeley, CA 94720. Ag or Pb), the net results are significantly

different. This observation suggests that there
Oxygen ordering in the symmetry plane of YBa 2Cu3Ox has been studied exists a compatibility condition between each
by the Cluster Variation Method (CVM) and by Monte Carlo simulation kind of cation-deficiency and a given dopant
in an anisotropic two-dimensional Ising model. The orthorhombic atom.
(Onho I) to tetragonal transition is found to be second order at high
temn'eratur and another phase, Ortho I, becomes stable at stoichometry This research is supported by DOE and AFOSR.
x=6.5 at intermediate temperatures. States of partial order are also
found at low temperatures as a direct consequence of the among 1. Z. Tao, D.E. Alburger, K.W. Jones, Y.D. Yao,
anisotropy of the second neighbor effective oxygen interactions, and Y.H. Kao, Appl. Phys. Lett. 53, 1440 (1988).
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M7.72 electrical contacts to the superconductor. In this
LUMINESCENCE FROM DEFECTS AND IMPURITY CENTERS IN paper convenient in-situ preparation methods for

obtaining extremely-low-resistivity contacts to bulk
Y20 3 . M. S. lJahan*, D. W. Cooke, B. L. Bennett, W. L. Hults, M. A. high Tc sup rconductors (p in the range of 10-12Maez, K. C. Ott, and. L. Smith, Los Alamos National Laboratory, Los 10-11 0 -cmi ) are described. Three different
Alamos, NM 87545. configurations of silver contact metal in Y-Ba-Cu-O

have been employed, i.e., embedded Ag wire, embedded
Unreacted Y 20 3 is frequently found in sintered YBa2Cu3Ox Ag particles, and selectively patterned Ag-clad on
superconductors as an unwanted second phase. Removal of this superconductor wire. In all three cases, the low-
insulating impurity, especially atthe surface, is important for achieving resistivity, metallic contacts are formed during the
low values of surface resistance. A convenient method for detecting the sintering or melt-processing of the superconductor,
presence of insulating materia at the surface is that of thermally stimulated thus eliminating the need for separate steps of
luminescence (TSL). Following y irradiation at RT and subsequent contact preparation such as vacuum deposition of

contact metal and additional heat treatment. Theheating to 3500C, Y203 emits characteristic luminescence, which can be distribution and morphology of the silver contacts
used to identify its presence in high-temperature superconductors. will be discussed. The measured contact resistivities
Additionally, the purity of the Y203 starting material can also be in the present work are the lowest reported for the
determined by the TSLtechnique. Ourinvestigatonsshowthatdefects high Tc superconductors, and these methods may serve
and impuritiesexistevenfor99.999%purematerial. as a useful basis for important contact technologies

needed for bulk superconductor applications.
The characteristic TSL glow curve of Y20 3 consists of a main peak at

115 0C and a knee at 1900C. The corresponding spectral emissionis M7.75
comprised of broad bands at 490 and 630 nm, andanarrow band with OXYGEN ORDERING AND SAMPLE INHOMOGENEITY IN
well- resolved peaks at 543 and 550 rim. An additional band, associated
with dhe 190'C peak only, is observed at 590 nm. These emission spectra YBa2Cu30-. Y. Bruynseraede, J. Vanacken, B. Wuyts and I.K.
have been previously associated with Tb3+ . Based upon x-ray Schuller*, Laboratorium voor Vaste Stof-Fysika en Magnetisme, Ka-
fluorescence and chemical analyses of Y20 3, we conclude that Tb

3 is not tholieke Universiteit Leuven, 3030 Leuven, Belgium; *Physics Depart-
the main impurity. This conclusion is further supported by the fact that ment - B019, University of California - San Diego, La Jolla, California
intentional doping of Y20 3 with Tb

3+ does not alter the intensity of the 92093, USA.
characteristic emission spectra. A model based upon electron centers (F
and F*), an unknown impurity, and Th3  as a deep trap, can adequately
explain our data. Gas evolution, x-ray diffraction and critical temperature measure-

ments are reported on two sets of YBa2Cu3O 7 -_ samples as a function
Permanent Address: Memphis State University, Memphis, TN 38152. of oxygen and metal ion composition. The oxygen deficient samples

were prepared by annealing (at 4000C) in vacuum (_ 10-6 Tor) for
Research Supported by U.S.D.O.E. and USA/SDC. varying lengths of time. Initially, a large change in "chain" occupancy

M7.73 accompanied by a decrease in Tc from 90 K to 60 K is observed.

RELATION BETWEEN THE CHARACTERISTICS OF POWDER AND MICRO- Longer annealing yields a decrease of the 60 K superconducting frac-
STRUCTURE; PROPERTIES OF CERAMICS FOR YBa Cu 30 SUPER- tion, probably due to oxygen ordering effects since the oxygen content
CONDUCTORS Meiyu Zhao, Chengen Li, XinqvunXJin, stays constant. In one set of YB 2CuO-rb samples, and probably due
ieming Huang Shanghai Institute of Ceramics, Shanghai to inhomogeneities, we observed the coexistence of two superconduct-
200050, P.R. CHINA ing phases in the temperature region 90 K - 60 K.

Y-substitutions with different Pr concentration in YBa 2 Cu3 0 7 -6 were
Four kinds of YBa2Cu 0 (YBCO) superconducting powders with also investigated. The presence of Pr strongly affects Tc while the
different particle sizes, shapes and different amounts of oxygen evolution behavior does not change at all.
twins have been prepared in this work. The density, grain
sizes, XRD of phase composition, configuration of twins of
the ceramics have been investigated. The relation between This work is supported by the Belgian Inter University Institute for

the characteristics of YBCO powders and the microstructure, Nuclear Sciences (I.I.K.W.), the Inter University Attraction Poles
current density of the bulkmaterials are also discussed. In (I.U.A.P.) and Concerted Action (G.O.A.) Programs (at K.U.L.) and
contrast to the improved YBCO powder prepared by solid state the U.S. Office of Naval Research under contract number N00014-88K-
method, the YBCO powders through the improved coprecipita- 0480 (at U.C.S.D.). International travel was provided by NATO. Two
tion approach have less impurities, smaller particle size.
and much more amounts of twins, as well as the sintered of us (J.V. and B.W.) would like to thank the Belgian I.W.O.N.L. and
pellets show a higher density (the highest density around F.K.F.O. for financial support.
97% of the theoretical density), an orthorhombic single
phase, and moreover, the pellets have finer grain boundaries M7.76
and well developed twins. As a result, these samples exhibit MAGNETIC FIELD CONTROLLED LEVITATION AND SUS-
current densities (about 1500 A/cm ) higher than those pre- BELOW TYPE 11
pared by solid state method. Using BaO instead of BaCO s PENSION OF A MAGNET ABOVE ANDBE

the starting material, a more dense bulk YBC0 ceramics with SUPERCONDUCTORS. Takeshi Takamori. John J. Boland and

orthorhombic single phase and 3c (about 1,000 A/cm ) can Derek B. Dove, IBM Research Division, Thomas J. Watson Research
have also been fabricated by solid state method. Caeter, Yorktown Heights, NY 10598

M7.74

LOW-RESISTIVITY CONTACTS TO ItIGH-TEMPERATURE SUPERCON- Levitation and suspension of a permanent magnet can be controlled

DUCTORS. T. If. Tiofel, S. Jin, M. E. Davis, R. B. van by combination of a variable magnetic field and a type 1 supercon-
Dover, R. C. Sherwood, H. M. O'Brvan, G. W. Kammlott ductor(YBa2 Cu3 0 5 ). It has been observed that a continuous range
and R. A. Fastnacht, AT&T Bell Laboratories, Murray of distances exists where stable levitation and suspension may be
Hill, NJ, 07974. obtained, and that the orientation of magnetic moment of the

An essential requirement in evaluation of the current levitated or suspended magnet isalso adjustable over a range of an-
carrying capability (Jc) as well as for actual high- gles. The incorporation of the magnetic element makes it possible
current applications of the high Tc oxide supercon- d mu
ductors is the preparation of robust, low-resistance to susped mb higher mass than reported previously. Observa-

tions are presented with a short movie.
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M7.77 Raman spectroscopy to identify the phases that form. We are also

INTERACTIONS BETWEEN SILVER AND Y1Ba 2 Cu307.6. investigating the mechanism by which Cu diffuses through the Au.
A H. Carim, Center for Micro-Engineered Ceramics & Department of The various applications require different superconductor/metal
Chemical and Nuclear Engineering, University of New Mexico, contact configurations that see different environments. This can
Albuueical Nuc87131;aR E.inerin, Dierit 184 n Ne iol influence the superconductor/metal interaction. Specifically, our
Albuquerque, NM 87131; R. E. Loehman. Dept. 1840. Sandia National experiments have the superconductor completely surrounded by
Laboratories, P.O. Box 5800, Albuquerque, NM 87185; A. P. Tomsia metal (metal clad wire), the metal completely surrounded by
and J. A. Pask, Pask Research and Engineering, Pinole, CA. superconductor (metal powder additions to the superconductor), and

a planar interface between the metal and superconductor (electrical
Given the importance of the Ag-YBa 2 Cu 3O7.5 system for electrical contact for devices).
contacts to the superconductor, metal-clad wires, and high-ductility
composites, the reactions that occur between the two materials are of M7.80
substantial interest. We have utilized a variety of techniques, including EFFECT OF SURFACE ROUGHNESS ON PENETRATION DEPTH IN
sessile-drop experiments, SEM/EDS, electron microprobe, and TEM to THE Y AND Bi HIGH-TEMPERATURE SUPERCONDUCTORS. .L.-
characterize the interaction of silver with YBa2Cu3O7-8 (123). The P and T. R. Clem, Naval Coastal Systems Center, Panama City, FL.
contact angle of a liquid Ag droplet on the 123 surface decreases with
increasing oxygen partial pressure and with time at high temperature. Bulk polycrystalline tubes of Y-Ba-Cu-O and Bi-Sr-Ca-Cu-O
Silver rapidly penetrates the pores and grain boundaries in the sintered high-temperature superconductors were fabricated with varying degrees of
superconductor pellet at temperatures at or above 940'C. The mechanism inner wall surface roughness. The tubes are evaluated by means of SQUID
for wetting by silver is the reaction of Ag with oxygen supplied by the magnetometry. Estimates of the intergranular penetration depth are given

r a l based on measurements of the temperature variation of the axial magneticambient or from reduction of nearby 123 grains. This apparently leads to field trapped within the center bores of the tubes. Deviations from the
a decomposition of the superconductor into Y2BaCuO5 (211) and a Gorter-Casimirtemperaturedependencearediscussed. Thesuperconducting
liquid rich in Ba and Cu, which in turn solidifies as BaCuO2 and other phases within the samples were identified by x-ray powder diffraction.
products. X-ray maps, microprobe line scans, and TEM confirm that Scanning electron microscopy was performed tomeasurr surface roughness,
gtrains surrounded by silver have been reduced to 211 and furthermore grain size, and grain size uniformity. Four-point resistivity measurements
indicate the presence of BaCuO2 particles nearby. Less decomposition were conducted to determine critical temperature. The effect of surface
of 123 is observed at higher oxygen partial pressures, since the ambient properties on magnetic hysteresis is also examined.
provides a greater supply of oxygen.

M7.78 M7.81
ANALYSIS OF LOW TEMPERATURE PHASE TRANSITION

TEMPERATURE DEPENDENT FAR INFRARED STUDIES PRIOR TO SUPERCONDUCTIVE BEHAVIOR IN HIGH TEM-
OF MAGNETICALLY-ORIENTED YBa 2CU3 O- PERATURE SUPERCONDUCTORS. M A. ROfDlF7 and R.
F.Lu. C.H. Perry', K. Chen and R.S. Markiewicz L. SNYDER, N.Y.S. College of Cerauc. at Alfred University, Al-
Physzcs Department, Northeastern University, Boston MA 02115 fred, N.Y. 14802.

The polarized (E 11 c and E 1 6) optical response of magnetically- Recent reports have discussed the possiblity of a low temperature
oriented ( > 95%t6-axis ) 1'Ba2Cu307_S 93K superconducter are phase transition in the high temperature superconductors just prior
reported over a wide energy range from 2-3000 meV 1 Our far to the illustration of superconductive behavior.

infrared reflectivity studies have been extended from 300- 10K.Strog aisoropc .chagesin he lw fequncyspetraareob-This presentation will attempt to confirm this phenomena for
Strong aniotropic changes in the low frequency spectra are ob- the 123 compound in the Y-Ba-Cu-O system as well as investigate

served between the normal and the superconducting states; the the possiblity of this transition in other high T, materials such as
most pronounced are associated with the E _L spectrum. The the Bismuth and Thallium compounds. Phases to be investigated

latter also displays well defined phonons in contrast to the high in these systems include 2201, 2212, and 2223 compounds.
conductivity ab-plane. Various model parameters associated with

the phonon.s, plasma frequencies and relaxation rates have been Syncrotron radiation shall be used for data collection. Experi-

deduced from fits to the data. ments shall be run at the NSLS located Brookhaven National Labs.

F. Lu, C.H. Perry, K. Chen, and R.S. Markiewitz, J.O.S.A.B6, M7.82

39G, (1989) MAGNET REPLICA BY HIGH Tc SUPERCONDUCTORS IR Weinstein,

*Supported in part by NSF grant #DMR 8604706 and North- Ti-Garn Chen J. Liu, and D. Parks, Institute of Beam Particle
Dynamics/Texas Center for Superconductivity, University of Houston,

eastern University Research and Development Fund. Houston, TX 77204

K7.79 When a superconductor (SC) has imperfections, the field may be
contained, or pinned. This "Incomplete Meissner Effect" allows the

HIGH-TEMPERATURE INTERACTIONS BETWEEN OXIDE production of magnet replicas, which are bulk superconductor with

SUPERCONDUCTORS AND ELECTRICAL CONTACT persistent internal currents which reproduce the parent magnetic field.

MATERIALS. R.D~..Ray 11 and E.E. Hellstrom, Department of The field remains in place due to pinning and is an excellent copy of the

Materials Science and Engineering, University of parent field, independent of the shape of the SC. This phenomenon has

Wisconsin-Madison, 1509 University Ave., Madison, WI 53706. been demonstrated on low Tc SCs with fields up to 2.25T. An extension of
this study to high Tc SCs has been conducted. Magnetic fields trapped in

Electronic devices and high-field applications of high-temperature both longitudinal and transverse directions are measured in hollow

superconductors require contact between the superconductor and a cylindrical samples and other configurations. Effect of Ag addition and

metal conductor. Some processingsteps require that this contact be grain size on the amount of field trapped have also been studied.

heated to elevated temperatures. Whereas at room temperature, no Magnetic fields of over 100 gauss have been detected for samples with

reaction was observed between 123 and a sputtered overlayer of Au large grains and Ag addition. Giant flux creep effect associated with the

or Ag, we have shown that Au can extract Cu from 123 at 875 C, high Te SCs has been studied by the field vs. time measurements.

causing it to decompose. With Ag we observe Ba loss from 123 at Significantly slower flux creep rate is observed in samples with Ag

875" C. The decomposition products with Au and Ag are being addition and large grains. Calculations of the internal current indicate

studied with x-ray diffraction, microprobe analysis, and Auger and that magnetic field higher than I T can be achieved by materials
produced by the partial melting process,in which transport Jc higher than
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104 amp/em2 at 77 K and low field have been measured.(1) It is suggested Magnetic phase diagram was determined by the

that this method can be used to characterize the bulk transport current and measurements of magnetic susceptibility and posi-

homogeneity of SC samples. It is experimentally noted that magnetic tive muon spin relaxation. At low temperatures,

field can be added by attaching more than one SC samples together. The spin glass phase transition was found and both su-

application of this magnet replica technique can be very significant in perconducting phase and spin glass phase are

many areas due to its low energy consumption, low weight, and good coexistent.

multipole reproduction. No direct electricity to the magnet is needed.
Maintaining the LN temperature is the only energy consumption. M7.85
Prominent applications include high efficiency motor/generator, MR! ATOMISTIC DEFECT MODELS OF YBa.Cu 0 Roger C. Baetzold,

magnets, and particle beam steering devices. EAstman Kodak Company, Rochester, NY 14(02001.

(1)Salama et al, AppL Phys. Len., June 1989. Atomistic Defect Calculations have been presented for YBa2 CU30 7
within the framework of the shell-model description of ionic bonding.

M7.83 The short-range potentials are utilized within the electron-gas calculation

DISTRIBUTION OF IRON OVER COPPER SITES IN and then optimized to allow the best fit to crystal structumre. T

GdBa2(Cul-xFe)307. H.J. Bornemann and G. Czjzek, presentation will focus on phonon dispersion relations determined with

Kernforschungszentrum Karlsruhe, INFP, P.O.B. 3640, D-7500 the original and improved potential models. Comparison to Rama and

Karlsruhe, FRG; and R. Kmiet, Institute of Nuclear Physics, ul. infrared experimental vibration frequencies are made. In addition, the
mechanisms of oxygen ion diffusion in the crystal a e examined with

Radzikowskiego152,31-342 Krakw Poland. interstitial and vacancy models. Within the crystal planes an oxygen

Iron doped compounds GdBa 2(CulxFex)307-6 with ion vacancy mechanism having an activation barrier of 1 cv. is com-

0.03sxsO.25 and 6<0.1 as well as with 8>0.7 have been puted. These and other computed properties will be compared to ex-

investigated by Mossbauer spectroscopy with 155Gd and with periment.
57Fe. For each iron concentration x, samples with different
transition temperatures Tc (at constant oxygen content, 8<0.1) 1. R.C. Baetzold, Phy's Rev. B 38,11304 (1988).
were prepared and investigated. Samples were reduced to an
oxygen deficiency 6>0.7 either at 650*C under vacuum or at 17.86
950 C in an N2 atmosphere, followed by a quench to room ELECTRON MICROSCOPIC STUDY OF OXYGEN-VACANCY ORDERING IN

temperature. YBa2 Cu3O6.- with x > 0.3. P. Peng, D. J. L. Hong,
A. Mehta, H. M. Chan, and D. M. Smyth, Materials Research

A comparison of 5
7 Fe Mossbauer spectra for samples treated by Center, Whitaker Lab #5, Lehigh University, PA 18015.

these different procedures has yielded an unambiguous
determination of the fraction of iron atoms occupying Cu(2) It is widely accepted that YBa2 Cu3O6+x undergoes an

sites. This fraction extrapolates to -4% for x-0. It increases orthorhombic to tetragonal transition on chemical reduction.

monotonouslywithxto-1
7 % forx=0.12.1nsamplesreducedat Most X-ray diffraction results locate this transition at an

950°C for 44 hours, the fraction of iron on Cu(2) sites is oxygen content of x " 0.6. However, recent high temperature

doubled, and this large Cu(2) site occupancy is maintained defect modeling of oxygen nonstoichiometry in YBa2Cu3O6+x
when the material is reoxidized at 450°C. indicates that the orthorhombic order persists to much

lower oxygen contents; at least down to x n. 0.3 for all

From the systematic variation of the parameters associated temperatures above 300*C. One possible explanation for

with the remaining quadrupole doublets with iron this discrepancy is that at lower oxygen contents the scale

concentration x and with TC (for constant x), tentative of the orthorhombic order in YBa 2Cu3O6+.xbecomes very fine,

assignments of the doublets to specific oxygen coordinations and due to low spatial resolution of x-ray diffraction the

of Fe on Cu(1) siteswere derived, short range orthorhombic structure is "averaged out" as
tetragonal. Furthermore, theoretical calculations by

For '55Gd, both the quadrupole splitting and the isomer shift Morris and Khachaturyan [1] predict that below 100*C, the

vary smoothly with iron concentration. No influence of an orthorhombic phase decomposes spinodially into a two-phase

extra charge associated with iron on Cu(2) sites in the vicinity mixture of orthorhombic and tetragonal structures.
of Gd nuclei is discernible. A systematic study was undertaken on YBa 2 Cu306+x , with

M7.84 oxygen contents varying from x - 0.3 to 0.9, using electron
MAGNETIC PHASE DIAGRAM OF YBa2 (CU 10Fex)3 O and diffraction and convergent beam electron diffraction in thetransmission electron microscope. Particular attention was

YBa 2 (CuI-xCox)Oy Masao Doyama, Masaaki Matsui, paid to superstructures arising from the ordering of oxygen

Hiroshi Matsuoka, Kazuhito Ishikawa and Eiji vacancies.

Hayashi, Department of Materials Science, Faculty
of Engineering, Nagoya University, Furocho, [1] A. G. Khachaturyan, S. V. Semenovskaya and J. W.

Chikusa-ku, Nagoya 464-01 JAPAN Morris. Jr., Phys. Rev., B37(4), p. 2243 (1988).

YBa2-(CU1xFex)3Oy(x.0-0.12 ) and YBa2(Cu 1xCcx)3Oy (Supported by the Division of Materials Research. NSF; and

(x=0-0.15) are prepared by mixing the oxides of the Lehigh University Consortium for Superconducting

4N-Y 2 03 , BaCO 3 , CuO and other oxide for doping Ceramics.)

(Fe 2 0 3 or COo), calcined twice at 900*C for 16 M7.87

hours and 500*C for 2 hours in air and by slowly THERMOGRAVIMETRIC STUDY OF OXYGEN DIF.
cooling, pressed into a pellet, again sintered. FUSION IN SUPERCONDUCTING YBa1Cu0,_ OXIDES.
Electrical resistivity, lattice parameters, mag- L.T. Shi and K.N. Tu, IBM T. J. Watson Research Center,
netic susceptibility are measured as a function of
temperature. Yorktown Heights, NY 10598

As the amount of doping was increased, diamag-

ne-.ism was decreased. At a lower magnetic field, The oxides of oxygen-deficient YBa 2Cu3 O,_, with z, 0.32 in both

magnetization changed from negative to positive, powder and chunk form were annealed in ambient oxygen to in-

Apparent Hc2 becomes lower. The volume fraction of vestigate the behavior of oxygen in-diffusion. Thermogravimetric
superconducting phase rapidly decreased. In all measurements were used to monitor in-situ weight gain during the
specimens, the paramagnetic susceptibility above

Tc can be expressed as X- C/(T-e) X0 where X0 is annealing at constant heating rates between room temperature and

independent of temperature. 580*C. The temperature for achieving a definite oxygen
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stoichiometry changes with the heating rates, which were varied In Bi-Sr-Ca-Cu-O (BSCCO) two superconducting
from 0.1 to 15°C/min. By measuring the rate dependence, the ac- phases with different Tc's of 85 and 110 K are
tivation energy of oxygen diffusion in the powder oxide was deter- usually observed, but the concentration of the
mined to be 1.25±0.05 eV, in good agreement with the value high Tc phase increases with the dope of Pb ions.
obtained by the previous resistivity measurements. However, the This increase of the high Tc phase presumably has

activation energy obtained from the chunk oxide is higher, i.e. 1.52 a certain relation with the valence of Bi ions.
The valence states of these ions are assumed to be±0.06 eV. A longer diffusion distance in the chunk oxide which the mixture of Bi* 3 and Bi + 5 , and this mixed

requires diffusion across grains might be responsible for this dis- valence state will affect the valence of Cu ions.
crcpancy. In addition, the oxygen out-diffusion was studied by In this paper, we report the difference of
annealing the oxide in ambient helium at constant temperatures. superconductivity between the two samples prepared
The results will be reported. from two different powders of CuO and Cu 2 0, and

N7.88 also the characteristic of superconductivity in

OXYGEN DISTRIBUTION NEAR METAL M SUBSTITUTED SITES IN BSCCO doped with Ag ions.
YBa2 (CuI M ) 07+6 AS DETERMINED BY X-RAY ABSORPTION
MEASURMJTS. C. Y. Yan ', Y. L. Wang, S. M. Heald, In BiSrCaCu.O, (x=2,3,4,5) prepared from CuO, Tc
Youwen Xu. A. R. Moodenbaugh, D. 0. Welch, and M. Suenaga, decreases witK an increase of Cu content, while
Materials Science Division, Brookhaven National Lab., the opposite phenomenon is observed in the samples
Upton, NY I1973.* prepared from Cu 2 0, that is, Tc increases with an

increase of Cu content. On the dope of Ag ions
X-ray absorption measurements have been performed on BiSrCaCu 2 0.+Ag(x=0,1,1.5,2.0), the maximum ratio
YBa,(Cu I xM )307+6, M - Fe (x-50.15), Co (x!50.28), Ni of high Tc to low Tc phase in volume is obtained
(x-O.08). and Zn (x<0.04). Changes in oxygen distribution o
near the metal substituted sites were found to depend on at Ag content between 1.5 and 2.0. From these
the substituting element M. It is clear that the oxygen experiments, the strong correlation between the
coordination near Fe I  and Co (which substitute high Tc phase and Cu t valence state is suggested.
predominately in trivalent states), increases with M
content x. However, no change in oxygen coordination near M7.91
Ni or Zn sites is observed as a function of composition x. DOMAIN STRUCTLRES AND PINNING IN OXIDE SUPERCONDUCTORS.
These atoms are primarily divalent. The relationships Alexander Roitburd, NIST, Gaithersburg, MD, 20899.
among M valence state, M concentration x, and oxygen
distribution are examined. Several microscopic models of The domain structure of oxide superconductors arises as a
the local environment for each case are evaluated for result of twinning associated with the tetragonal-
consistency with the data. orthorhombic transition inside a restricted volume (a grain

in a polycrystal or a part of an initial single crystal).
+ also University of Michigan, Ann Arbor, MI 48109. A thermodynamic theory of the size and arrangement of the
* Supported by the US DOE Office of Basic Energy Sciences, domains has been developed. Two types of interfaces in
Division of Materials Science, under Contract DE-AC02- domain structures are considered as obstacles to the
76CH00016. movement of vortexes: (1) coherent twin boundaries without
I C. Y. Yang, et al., Phys. Rev. B 39, 6681 (1989). microstresses and (2) noncoherent twin boundaries and

boundaries between polydomain layers with microstresses.
17.89 Magnetic and elastic vortex-interface interactions have

been considered. The role of the interfaces in the pinning
VARIATION IN T AND CARRIER CONCENTRATION of the array of vortexes is discussed with a comparison
CAUSED BY CHAN&E OF OXYGEN CONTENT IN TI-BASED between the theoretical results and the available
SUPERCONDUCTORS. Y.Shimakawa, Y.Kubo, T.Manako and experimental data.
H.Igarashi, NEC Corporation, 4-1-1 Miyazaki, Miyamae-ku,
Kawasaki 213, Japan M7.92

Some TI-based superconductors have a notable feature that they FIELD ORIENTED GRAINS OF RARE EARTH DOPED HIGH
show various Te values with almost the same crystal structures. T, SUPERCONDUCTORS. F. Chen( '"), R.S. Markiewicz( ' c),
This variation in Tc and the correlations among Te, carrier
concentration and structure were studied. In particular, in and B.C. Giessen(Ne), Departments of Chemistry (a) and Physics
TI2Ba 2 CuO6, a wide range of Tc values between zero and 85K was
observed". It was revealed that oxygen desorption and absorption (b) and Barnett Institute (c), Northeastern University, Boston,
caused the change of carrier concentration, and thus Tc value MA 02115
changed. Clear correlations among Te, oxygen content and c-axis
length were found. A fully oxygen-annealed sample shows A strong magnetic field causes grains of YBa2 Cu307-6 (YBCO)
metallic non-superconducting behavior. Decrease in oxygen
content of about 0.1 per formula unit, which corresponds to or of the Bi or TI families of high-T, superconductors to orient',
decrease in [Cu-O] + hole concentration of 0.2, increases Te up to
about 80K, and elongates c-axis by about 0.4%. with the crystalline c-axia parallel to the field direction. Some rare

In T2B2CaCu2O, a similar behavior of Tc (85-110K) was earth (RE) substituted YBCO compounds are known to orient

observed. Variation in Te appeared in other Tl-based with c-axis perpendicular to the field, due to crystal field effects on
superconductors and comparison among them will also be the magnetic ion. From a detailed x-ray diffraction study, we find
reported.

that different RE's lead to orientation along different directions
1) Y.Shimakawaet al., Physica Cl571989279. in the a,b-plane. Moreover, the same RE can lead to orientation

M7.90 along different axes when substituted in YBCO vs. a Bi or TI-

SUPERCONDUCTIVITY OF Bi-Sr-Ca-Cu-O DOPED WITH Ag based superconductor.
IONS. Teruo KATO, Yukio KAZUMATA and Hiroshi
MAETA, Japan Atomic Energy Research Institute, 1. Farrell, etal.,Phys. Rev. B3fi,4025(1987).
Tokai-mura, Naka-qun, Ibaraki-ken, 319-11, Japan. '2. Livingston, et al., J. Appl. Phys. 64, 5806 (1988).
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M7.93 Bulk samples with a 124 structure were made by annealing precursor 123
EFFECT OF HIGH TEMPERATURE DEFORMATION ON GRAIN BOUNDARY material in high pressure oxygen gas. The presence of high oxygen
DEFECTS IN YBCu307.x. Krishna Rajan, Materials pressure led to the formation of extra Cu2 0 layers in the 123 material,
Engineering Department, Rensselaer Polytechnic Institute, converting it to the 124 phase. The samples were subsequently heated
Troy, NY 12180-3590. under vacuum for several different times. The bulk samples were then

characterized by x-ray diffraction and high resolution transmission
The results of transmission electron microscopy studies electron microscopy. Computersimulaion is used toverify the structure
on YBa2Cu307. x subjected to high temperature extrusion of phases observed in high resolution images.
are presented. Particular emphasis Is put on high
temperature accommodation processes of lattice dislocations Unlikethe 123 phase, the 124 structure does not appear to show variable
into sub-grain boundaries. It is suggested from the oxygen stoichiometry. From the presence of additional superconducting
electron microscopy observations that stress Induced Cu20 planes higher Tc and critical current may be expected, yet the
climb mechanisms for dislocations are operative, opposite is actually observed. This result may be associated with the
Also presented Is evidence of localized lattice distortions stability of the 124 phase and its by-products, and may be the limiting
near twin boundaries due to isothermal high temperature factorinpracticalapplications.
deformation. Preliminary results on the structure
of grain boundary facets and steps is described. Thisworkwassu bytheDrector, OfficeofEn Research. OflicofBasic
The implications of these results for texture development nergy Scc, ia Science Division, of the UuS=Depanntof Energy under
In bulk ceramic superconductors is also discussed. ContractNo.DE-AC03-76SF0098.

M7.94 M7 .96

MICROSTRUCTURAL EVOLUTION OF BA2 YCUSO THE COLOR OF POLARIZATION IN HIGH TEMPERATURE
SUPERCONDUCTOR BY ELECTRON IRRADIATION IN A SUPERCONDUCTORS. M.Qsfk. H.A. Hoff, Naval
TRASMISSION ELECTRON MICROSCOPE. Kensuke Research Laboratory, Washington, DC ; and W.L. Lechter,
Shiraishi and Hiroshi Itoh, Takasaki Radiation Sachs/Freeman Associates, Inc, Landover, MD
Chemistry Research Establishment. Japan Atomic
Energy Research Institute. Watanuki-machi.
Takasaki, Gunma 370-12, JAPAN Earlier work has demonstrated that high-Tc cuprate

superconductors exhibit similar reflectivity spectra in
The specmen for transmission electron microscopy the visible when viewed through crossed polarizers (ie.
was prepared from single phased BaYCuO sntered they have similar colors of polarization). Here, we
pellet by thinning wth low-energy Ar-ion extend our initial studies, which were done using a
bombardment. The microstructural observation and quartz halogen light source, by presenting reflectivity
electron irradiation were performed with JEM spectra of superconducting and non-superconducting
2000FX-II operating  at 200 kV. Electrons with layered cuprates made using a brighter xenon source.
about 5 X 10sp M

-ei in t n flux were irradiated to Possible correlations of these spectra with the
the specimen In the direction almost normal to material's superconducting and normal state
a {113} plane with near (110) system reflections. properties as well as their origins will then be

Small defect clusters of several nm in size discussed.

observed with a (110) reflection were appreciably M7.97
increased In the number density by the electron X-RAY ABSORPTION STUDIES OFVANADIUM
irradiation to about 1.5 x 102 s m - 2 . Upon further SUBSTITUTION IN YBa2Cu 307_ 6 SUPERCONDUCTORS(*)
irradiation, the clusters gradually grew larger
with a little increse In the number density. Zhcngquan Tan and J. 1. Budnick, Department of Physics and
Twinning was promoted during electron irradiation Institute of Materials Science, University of Connecticut, Storrs,
up to 1020 M- 2 and planar defects were appeared to CT; B. R. Weinberger and L. Lynds, United Technologies
form on the plane. Precipitation along the grain Research Center, East Hartford, CT.
boundary was also Induced by the electron
irradiation in the microscope.

YBalCU3O7 _6 materials with vanadium nominally substituting
The microstructural evolution in the Ion-milled Cu, Y and Ba respectively have been synthesized. Bulk
specimen will be discussed in terms of superconductivity with sharp transition at Tc= 93 K is maintained
superconducting properties modified by electron at low vanadium concentrations. V, Cu and Y K-edge x-ray
and Ion irradiations, comparing with the absorption spectra have been measured on these materials to
microstructure observed in the specimens prepared determine the local environment of vanadium and the effect of
without ion-bombardment. V-substitution on the atomic structures. Identical V XANES

(x-ray absorption near-edge structure) spectra are observed
M7.95 independent of whether the vanadium nominally substitutes Cu,

Y or Ba, suggesting that the V enters a unique local environment.
A STUDY OF THE THERMODYNAMIC STABILITY OF The observed prominent Is-3d pre-edge peak, stronger than that
YIBa 2 Cu4OS K.P. Atwal , R. Gronsky, J. Nickel* , A. Markelz* in V20 5, shows that the V atom is very likely to have four oxygen
Department of Materials Science and Mineral Engineering, University of nearest neighbors. However, the combined Cu and Y extended
California, and National Center for Electron Microscopy, Materials and x-ray absorption fine structure results are incompatible with V
Chemical Sciences Division * Physics Division, exclusively substituting the four-oxygen-coordinated Cu(l) in the
Lawrence Berkeley Laboratory, YBa 2Cu 307 structure. Both the Cu and Y EXAFS spectra are
1 Cyclotron Road, Berkeley, CA 94720 affected significantly by the V-substitution and will be discussed

in terms of the Cu and Y local environments.

The YBaCuO family of superconductors now contains at least three
members and that number is likely to increase. The phases found to date () Work carried out at Beam Line X-1 I at the National
are commonly referred to as 123, 124 and 247 because of their cation Synchrotron Light Source and supported by the U. S. Department
ratios. In this study the thermodynamic stability of the 124 phase, of Energy under Contract No. DE-AS05-80-ER10742.
(YtBa2Cu4O) is investigated, with respect to decomposition to the well
known 123 structure.
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M7.98 M7.100

ON THE STABILITY AND TRANSPORT PROPERTIES OF RAMAN AND FLUORESCENCE SPECTRA OBSERVED IN LASER MICRO-
YtBaaCusO?--, PHASES COMBINED WITH REFRACTORY PROBE MEASUREMENTS OF COMPOUNDS IN THE Ln-Ba-Cu-0 SYSTEM.
CERAMICS. P. Del Angel, J.M. Dominguez, O. Suzmhn, Edgar S. Etz and Winnie Wong-Ng, National Institute of
A. Montoya, L. Vicente*, Instituto Mexicano del Standards and Technology, Gaithersburg, MD. and Thomas D.
Petr6leo, ICA, Apdo. Postal 14-805, 07730 M&xico, D. Schroeder, Shippensburg University of Pennsylvania,
F. and C. Falcony, CINVESTAV, Mxico D. F. Shippensburg, PA.

We are investigating by Raman microprobe measurements the
A si tematic modification of the transport superconducting and related phases in the LnBa2Cu3O7_ x (for
properties of YsBaaCuaO?-x superconductor system x-O to 1) system where yttrium has been replaced by
was studied. Some partial resistivity losses occur, several of the lanthanide (Ln), or rare earth, elements.
together with a decrease of the critical These studies are aimed at relating the observed optical
temperature (Too)amo when a pure orthorhombic spectra (Raman and fluorescence) to the compositional and
Y*BaaCueO?-x phase is combined with an increasing structural aspects of these ceramics. We are examining
amount of refractory ceramics impurities (AlzOs, the structure-specific rare earth ion fluorescence spectra
SiC). of the various phases and compositions which we will

illustrate for the erbium and europium analogs of the
yttrium 1:2:3 system. Of interest is the substitutional

The solids were characterized by secondary electron chemistry of these isostructural systems, examining the
imaging and EDS technics, X-ray diffraction and changes in the spectra, and establishing the micro-
thermal analysis. From the results a percolation analytical usefulness of these spectra, especially for the
model emerges to explain the partial resistivity detection of impurity phases. In the case of the Er

3+-

falls, while a cation substitution model is more substituted materials, for example, the cw laser-excited
probable for the systematic decrease of (TC)m=o. (argon ion, at 488 or 514.5 nm) green and red fluorescence
The partial resistivity losses observed at higher emissions, when observed, originate from the 4S3/2 and
temperatures in other superconducting systems might 

4 F9 / 2 emissive states, respectively.
in fact be the result of partial superconductive
phases entrapped in non superconducting ceramic H7.101
masses.

+ permanent address : Facultad de Quimica, UNAM,
04510 Mexico, D. F.

M7.99 MICROANALYSIS OF CUPRATE SUPERCONDUCTORS USING

THE COLOR OF POLARIZATION. H.A. Hoff, M.S.
Osofsky, Naval Research Laboratory, Washington,

THE ELECTROCHE2ICAL RESPONSE OF YBa Cu30, IN AQ- DC; and W.L. Lechter, Sachs/Freeman Associates,
UEOUS SOLUTIONS T.S. Chin, Dept. lat. 9c. Eng.. Inc., Landover, MD.

Natn'l Tsing Hua Univer.,Hsinchu, 30043, TaiwanAnC.A. Lin, M.P. Hung. Dept. Mat. Eng., Natn'l Cheng A technique for the identification of individual
Kung Univ., Tainan, 70100, Taiwan, R..C. anisotropic grains in a heterogeneous and opaque

material involves the observation of grain color
in reflected light through crossed polarizers

Electrochemical properties of Y-Ba-Cu-O supercon- (clrf polizato uh cos aren
ductor which being intrinsically unstable in water (color of polarization). Such colors are gene-
were elucidated by using potentiodynamic scanning rally characteristic of particular phases. Of
in different aqueous solutions with 0.1 M concen- the many members of the class of hole carrier
tration. cuprate superconductors examined so far, only

one characteristic color of polarization has
The electrochemical stability of the YBa Cu 3 0 been observed. This same color has also been
compound was found to be superior in boti sall-so- observed in a member of the electron carrier cu-
lutions of NaCl and KCl, and alkaline solutions of prate superconductors that we have examined.
NeON and NH4OH. Extremely low corrosion current of
2.86 uA/sq.cm was observed in 0.1 M NaCl solution. We have studied the presence of color in many of
The corrosion potential in the above solutions ra- these cuprates and found a strong correlation
nges from 36 - 92 mV. Polarization wasn't possible between color and the existence of superconduc-
in these solutions. However the E raised up to tivity. The gradation in color from insulator
360 - 960 mV in acid solutions inTing sulfuric, to superconductor and the presence of identi-
sulfuric, phosphoric and nitric acids depicting fying colors for secondary phases facilitates
more passive behavior. Polarization was observed the selection of grains for microanalysis. The
in sulfuric and phosphoric acids indicating their changes in composition corresponding to thepotenial to be used as etching solution in litho- changes in color and the variations in composi-

graphy. The electrochemical behavior of the Y-Ba- tion of recognizeable cuprate superconductors
Cu-0 compound in the HCl solution is peculiar and found by quantitative Energy Dispersive X-ray

informative. It showed three transitions in the Spectroscopy will be discussed.
polarization curve, corresponding to 272, 756, and
1013 mV, respectively. This is related to the
transition in the valence of copper ions during M7.102
dissolution, which is depressed in the acid solu-
tions which are oxidizing in nature.

The Galvanic current decreases at an order of Al >
Cu > Ag, when the YBaCuO is coupled with each of
them in 1 M phosphoric acid solution and 0.1 M HARMONIC GENERATION IN THE ALTERNATING MAGNETIC
HCl. RESPONSE OF HIGH-Tc SUPERCONDUCTORS. A. Shaulo , R.

Bhargava, and D. Dorman, Philips Laboratories, North American
Philips Corporation, Bnarcliff Manor, NY.

446



We have developed a novel ac technique for characterizing the M7.105
magnetic behavior of high-Tc superconductors. This technique is MECHANISM OF TWIN FORMATION AND NATURE OF
based on monitoring the spectrum of the magnetic response of TETRAGONAL TO ORTHORHOMBIC TRANSFORMATION
these materials to small sinusoidal fields. A nonlinear magnetic be-
havior is indicated by the appearance of harmonic components in IN YBa2Cu 3O7 .x. Mehmet Sarikava, Ryoichi Kikuchi, and I. A.
the spectrum. Measurements of these harmonics as a function of Aksay, Dept. of Materials Science & Eng. FB.10, and Washington
bias field, temperature and frequency provide valuable information Technology Center, Univ. of Washington, Seattle, WA 98195.
about the processes of flux penetration, flux pinning and flux creep
in these materials. Nucleation and growth of twins in the YBa2Cu307.x system have

been theoretically studied on the basis of transmission electron mi-
Measurements on sintered Y-Ba-Cu-O samples have shown that croscopy observations. The shape of the tips of the twinned domains
the application of a steady bias field, above a certain threshold, is predicted from two types of strain: one is associated with the twin
causes the generation of odd harmonic components in the altemat-
ing magnetic response of the material. These harmonics sharply boundary and the other with the lattice at the tip region. From the
disappear as the temperature is raised above a certain point, in- model, the tangent of the angle at the tip is calculated to be 1/9 the
dicating a transition to a linear behavior. The transition temperature orthorhombic phase is analyzed with an energy minimization ap-
is strongly frequency dependent and shifts up as the frequency in- proach by which one can also predict the mechanism of growth of
creases. The new transition exhibited by the harmonic components th t w i c o n e a ra tio i n michoniscturesrowthwif
is interpreted as signifying a transition from a state of flux pinning to the twinned domains. The variations in microstructures and twins
a state of dissipative flux motion without pinning. These measure- that are developed via different transformation routes (isothermal
ments demonstrate a new method for accurate determination of the and athermal) are correlated with models and TEM observations.
lower critical field and the "irreversibility" field below which irre- The similarities of transformation characteristics in this system are
versibility in the magnetization sets in as a result of flux pinning. discussed with those of other systens in which the major part of the

M7. 103 transformation involves a shear.

Partial Superconductivity in YBa 2Cu307 at 90 < T < 300 X. M7.106

R. Munrer and H.J.T. Smith <GWP> , Untversity of Waterloo, MAGNETIC INTERACTIONS IN Yl-xPrxBa2Cu3O7 : UPPER
Waterloo, Ontario. CRITICAL FIELD AND HEAT CAPACITY STUDIES. H. B.

The presence of partial superconductivity in Y~a2Cu 0 in Radollsk, Lawrence Livermore National Laboratory, Livermore,
Th3 7 CA 94550; N. E. Phillips, R. A. Fisher, R. Caspary and A. Amato,

the temperature range 90 < T < 300 K has been investigated Materials and Chemical Sciences Division, Lawrence Berkeley
by various techniques. The current voltage characteristics Laboratory, UC-Berkeley, Berkeley, CA 94720; J. L. Peng and R.
of polycrystalline YBa 2Cu307 were studied at N. Shelton, Department of Physics, UC-Davis, Davis CA 95616
temperatures above the 90 K superconducting transition. It Substitution of Pr for Y in Yl.xPrxBa2Cu 3O7 depresses Tc with
was found that the IV curves are non-linear and that the superconductivity disappearing for x > 0.5. Upper critical field
non-linearity is temperature dependent. For a constant measurements were obtained from magnetization data for a series
current bias the voltage across the sample increases when of seven samples with 0 < x _< 0.45. The Hc2 results show a linear
microwaves are applied. The induced voltage is behavior with temperature up to x = 0.2, but change dramatically in
proportional to the bias current and the proportionality character for the x > 0.3 compositions. For x - 0.3 and greater the
constant (AR) is temperature dependent. AR increases curves are no longer monotonically increasing and show the "bell"
slowly between 300 K and 120 K and has a sharp increase as shaped behavior reminiscent of the magnetic superconductors
T approaches T.. The simultaneous application of microwaves RERh4B 4 and REMo 6 SB (RE = rare earth). This result is
and a magnetic field also result in a non-zero value of AR. interpreted to mean that magnetic interactions are important in
For small magnetic fields and at room temperature AR the Yl xPrxBa2Cu3O7 system. Heat capacity measurements have
increases rapidly for 0 < H < 20 C and oscillates with a been performed on the x = 0.3 sample from 0.3 to 65K in fields up
period of 40 C for 15 < H < 135 C. For larger magnetic to 7T. Initial results indicate no discontinuity at Tc , 42 K. This
fields AR also oscillates with a period of 1.5 to 2.0 KC result is unusual based on the observed Meissner fraction and values
for 0 < H < 7.0 KG. Between 7 and 9 KG AR is constant. of the Sommerfeld gamma derived from the Pauli susceptibility.
Measurements at all temperatures above 90 K show similar The low temperature heat capacity shows a large upturn below 2 K
behaviour. These results will be discussed in term of which is strongly enhanced by a 7T field. Further heat capacity
weakly linked islands of superconductivity in a normal work on more dilute Pr substituted samples is in progress and will
matrix, be reported as available.

M7.104 Work at Livermore and Davis performed under auspices of U.S.DOE at Lawrence Livermore National Laboratory under contract
THERMAL EXPANSION OF PbZSrY 1,xCatCu 308 + . H. M. O'Bryan No. W-7405-ENG-48; work at Berkeley supported by U.S. DOE,
and P. K. Gallagher, AT"T Be1l La oratores, urrayil Office of Basic Energy Science under contract No.
NJ, 07974. DE-AC03-76SF00098.

iThe thermal expansion of Pb SriY lxCaCu3O+6 has been M7.107
Imeasured between 25 and 700 C or x - 0, .2 and .4.
Measurements were made on ceramic samples with 8 - 0 during MAGNETIZATION AND LOW TEMPERATURE SPECIFIC HEAT OF
heating at 4*/min in N2 and 02 atmospheres. In N2 the ORTHORHOMBIC AND TETRAGONAL RBa2Cu3 Ox(R - Y, Ho).
coefficient of thermal expansion is -,13 ppm/PC for all H.R. Khan% FEM, Katharinenstrasse 17, 7070 Schwaebisch
compositions. In 02 the expansion varies greatly with
temperature as the samples undergo both oxidation and Gmuend, FRG and R. Kuentzler, I.P.C.M.S., LA 306 du CNRS,
reduction. The expansion mimics previously reported 3 rue de I, Universite, 67084 Strasbourg, France.
gravimetric data. Two maxima of %,1.4% are found near 550*C
and 700C. The lattice expansion on oxidation contrasts to Orthorhombic and tetragonal compounds of compositions
the shrinkage observed when Ba2YCu 3O6. 2 is oxidized. RBa2Cu3Ox( R. Y and Ho) are prepared and characterized

by X-ray diffraction, Optical and SE-microscopy and EDXA.
The Tc(mid) of the orthorhombic phases is about 92 K (

A.C. susceptibility). The magnetic moments of Cu and Ho
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as well as Curie-Weiss temperatures are determined from There always occurs an internal friction peak associated
the Curie-Weiss plots. The electronic specific heat with PLT at Tm about 10-30K above T for superconducting

phase, whereas disappears in nonsuparconducting phase ascoefficients of the orth. and tetr. YBCO are determined shown in the table.
from the specific heat measurements( 1.5 - 20 K) and the TABLE
values are 0.95 and1.70 mJgat-lK- 2  respectively. HoBCO Tc Ta
compounds show Schottky specific heat anomalies in both YBa2Cu30x  901 120K

601 751orth. and tetr. phases due to the interaction of the magnetic Bi-Sr-Ca-Cu-O 107K 130Kmoment of the Ho ion with the crystalline electric field 831 95K

(CEF). The specific heat and magnetic data in relation to Tl-Ba-Ca-Cu-0 1151 135K
superconductivity will be discussed. ? 90K

The coexistence of the PLT and superconducting transition*And Dept. of Physics & Astronomy, University of TN, exhibits that both have the coamon intrinsic factor such
Knoxville, Tennessee. as the electronic state varied by oxygen dopping.

H7.108 M7.110
IN-SITU TRANSMISSION ELECTRON MICROSCOPY AND PROPERTIES AND MICROSTRUCTURE OF
COMPUTER SIMULATION STUDY OF THE KINETICS OF
OXYGEN LOSS IN YBa2Cu3Oz. C... B-rnesterl. L. T. Wile 2, and R. SUPERCONDUCTING OXIDES PREPARED BY
Gronsky 1, t Depanment of Materials Science and Mineral Engineering, University of OXIDATION OF LIQUID QUENCHED ALLOY
California, and the National Center for Electon Microscopy Berkeley CA; 2Depamnent PRECURSORS. J.S.LUO, D. MICHEL AND J-P.
of Physics, Florida Atlantic University, Boca Raton, FL.

CHEVALIER CNRS CECM, 15 Rue G. Urbain, 94407
Oxygen ordering in the basal plane plays a vital role in determining the VITRY (FRANCE)
superconducting properties of the YBa2Cu30z system. Upon cooling from
the disordered, tetragonal phase, parallel O-Cu-O chains develop leading to We have produced various high Tc superconductors
the formation of the orthorhombic phase (Onhol), a 90K superconductor, through oxidation of alloy precursors obtained by planar
near z = 7. At lower oxygen content, a doubling of the orthorhombic unit
cell leads to the formation of the orthorhombic Ortholl phase, a 60 K flow casting. It is found that this preparation method
superconductor, near z = 6.5. Thus an understanding of thermodynamics can improve homogeneity, modify the morphology, and
of oxygen ordering is essential for the development and control of
superconducting properties in this material, can be readily carried out under controlled atmosphere.

High resolution transmission electron microscopy is used to study the For EuBa 2Cu 3 07, we have observed a substantial increase
kinetics of oxygen loss associated with the low temperature Orthol to in critical current, which can be attributed to the
Ortholl transition. Oxygen loss in YBa2Cu30 7 is induced by in-situ beam
heating in the electron microscope. As the material transforms from uniform grain size and composition. In the case of multi-
YBa2Cu3O7 to YBa2Cu306.5, the evolution of transient and equilibrium component systems such as Bi-Pb-Sr-Ca-Cu and Pb-Sr-
structures is observed directly using real-time atomic resolution video
imaging and microdiffraction analysis. Ca-Y-Cu, good chemical homogeneity can be ensured by

Results from an Ising model Monte Carlo simulation of oxygen ordering in passage through the liquid state. Finally, although the
this material are used to interpret observed structures and transient ordering. ductility of the precursor alloys significantly varies as a
The simulation is also used to extrapolate experimentally observed behavior function of the system, the resulting oxides are all
to values of temperature and oxygen concentration not explicitly examined
in this study. Qualitative agreement between simulation and experiment is brittle.
excellenL

M7.111
This work is supported the Director, Office of Basic Energy Sciences,
Materials Sciences Division of the U. S. Department of Energy under Crystal Chemistry and Phase Equilibria Studies of the
Contract Number DE-AC03-76SF00098. One of us, (L. T. W.) is Ba-R-Cu-O systems. Winnie Wong-Ng, Robert S. Roth, Lawerence
supported by grant No. MDA 972-88-J-1006 from DARPA. P. Cook, Boris Paretzkin, Michael Hill and E.R. Fuller, Jr.,

Ceramics Division, National Institute of Standards and

M7. 109 Technology, MD 20899.

ELASTICITY STUDIES ON LATTICE INSTBILITY OF HIGH T OXIDE Knowledge of the phase compatibility and melting
SUPERCONDUCTORS. Ye-Ning WANG, Hui-Min SHEN, fiao-Hui relationships of compounds formed in the Ba-R-.Cu-0 systems,
CHEN, Lin-Hlai SUN, and Zi-Ran XU, Institude of Solid State where R=lanthanides and yttrium, is essential for
Physics, Nanjing University, P.R.China. understanding material properties and controlling processing

parameters for the high T. superconductor phases Ba2 RCu306..There exist a few broad internal friction peeks(ultrasonic The present paper reports the influence of the size of R on
attenuation as well) at 1201. 230K in YBCO; at 951, 1301, the phase formation, phase compatibilities and melting
250K in BSCCO and at 90K. 1351, 180-2801 in TBCCO, which relationships in tCase systems. In addition, since the extent
have been confirmed to be induced by phase-like transi- to which change in the Gibbs energy of R-substituted mixtures
tion(PLT) of first order. X-ray diffraction studies mndi- results in an altered primary phase field is of great
cate that the PLT is characterized by abrupt change of practical interest, possible primary phase field of mixed-
lattice parmters instead of chsase of crystal aysitry. lanthanides superconductor phases such as Ba,(Nd,YEu)Cu306 ,Tensile teats show elastic softening associated with PLT. will also be presented. Experimental results of specimens
However, elastic modulus curvs measured at kHz and Mgz equilibrated in air will be summarized.
frequency ranges reveal somewhat different behavior at
PLT, although the overall trend of stiffening are the amot
for ceramic materials. This has been analyzed in terme of
the different mechanism of damping due to PLT for the two
frequency ranges as well as the different results for
single crystal and polystalline materials.
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1(7. 112 crystals with volume from -10mm
3 up to 500mm3 are obtained by a flux

RAMAN STUDIES ON Y123 AS A FUNCTION OF ANNEALING. G. method (BaCuO2-CuO) and reannelled in flowing oxygen or nitrogen in a
Burns, F. H. Dacol. C. A. Feild, A. Gupta. F. Holtzberg. G. Koren, R. thermobalance in order to get the required oxygen composition.
B. Laibowitz and T. K. Worthington, IBM Research Division, T. J. For compositions YBa2Cu3O6- x with xZ 0.40 the crystals are orthorhombic
Watson Research Center, Yorktown Heights, NY 10598, USA. twinned. An exact solution is used for the refinement including incoherent

superposition of domains, which leads to the structure of the individual
We have studied the behavior of YBa2 Cu 30,._, (Y123) for fully orthorhombic sample. An outstanding result is the systematic occurence
oxygenated (6m0.0) single crystals and films as a function of of a complex defect associated to a copper deficiency (x) on the Cu(t) site:
annealing temperature (TA). The samples were annealing for 16 a 2(x) deficiency on the bridging oxygen and a deficiency (x) on the sum
hours at TA in flowing helium gas. For each TA, we have measured 0(4)+0(5) of the two oxygen sites around Cu(1), with a maximun ocuppancy
the Raman spectra on the films, and on the large face and small edge of (x) on the 'forbidden' 0(5) site. The formula should then be written for a
of the crystals, this yields all five Raman active modes (4A10 + Blg).  maximum oxygenation:
We also measured the corresponding superconducting transition [ Y1 8a2 Cu(2)2 0(2)-0(3)4 ] Cu(1)t. x O(1)2.2x (O(4)-0(5)1.xl
temperatures (T.). This copper deficiency is found in the range 3-6%, in agreement with X-ray

The Raman results can be divided into three ranges for the crystals results and is due to a copper fugacity on the weakly bound Cull) site, Cu+

and films. (a) Results from material with the highest T. (fully 3d1 0 only surrounded by two oxygen at the high temperature used to
oxygenated), and (b) from the plateau region (Tc260 to 50 K). In these prepare single crystals, even in an excess of CuO. It should be noted that
ranges, some of the phonon lines shift in frequency. (c) In the region we never observed any deficiency on the Y, Ba, Cu(2) and 0(2)-(3) sites.
where TA is high enough, so that T. goes to zero, there are large This result is also valid for yttric rare earth such as Dy, Ho, Er. This
changes in intensity of most of the Raman lines; the low frequency defect results in a lowering of Tr, a broadening of the suoerconductinc
Ba-Ba and high frequency 0, - 0, vibrations become very weak. transition and a reduced Meissner effect observed in 'large' single

crystals as compared to ideal ceramics or to *small" (v<1mm3) singleThese results are consistent with a change of the crystal structure crystals acopared to ieceramics or to osmall coten sn
crystals prepared at 'ower temperature. For lower oxygen content and

from orthorhombic (superconducting) to another orthorhombic down to 06.4 only the chain oxygen site 0(4) is stable but the vacancies on
(superconducting) structure and then to a tetragonal (semiconducting) Cu(1) and bridging oxygen O() remain.
structure. We will relate our findings to other results. In addition we observe a change in the in-plane anisotropy. especially on

M7.113the U1l1 term, of the chain oxygen with oxygen concentration and very
small change in distance at low temperature.

HIGH RESOLUTION TRANSMISSION ELECTRON

MICROSCOPY STUDY OF DEFECT STRUCTURES IN M7.115
MULTI-PHASE YBaCuO. M. Fendor and R. Gronsky, Department
of Materials Science and Mineral Engineering, University of California, and CRYSTAL CHEMICAL AND FUNCTIONAL REPRESENTATION
National Center for Electron Microscopy, Lawrence Berkeley Laboratory, OF HIGH-Tc SUPERCONDUCTORS AND REdiTED PHASES.
Berkeley, CA. 94720 J. S ialovsk, and B.C. Giessen, ,terials

Science Division, Barnett Institute and
It is now known that superconducting YBaCuO exists in at least three well Department of Chemistry, Northeastern
characterized phases with differing copper and oxygen content. Due to the University, Boston, MA 02115
cation ratios (Y:Ba:Cu) these compounds are commonly referred to as the
"123", "124", and "247" phases. When YBaCuO crystals are grown in The diversity of cuprates, bismates, thallates,

practice, an intergrowth of more than one sructure ftequently occurs in and related ceramic superconductors and the
order to accommodate local deviations from these ide ttoichiomemes. strong effects of compositional variations such

as cation substitution, oxygen content and
High Resolution Transmission Electron Microscopy is used to study the intercalation suggest the need for an efficient
crystallographic defects in YBaCuO which are induced when phases with characterization and cataloguing system based
differing lattice parameters exist in an intimate mixture. Computer on compositional, crystallographic and
simulation of high-resoluton images is utilized in order to verify the phases functional criteria. Compositional factors
present in various regions of actual TEM images. include element content, stoichiometry, or

groups of elements occupying specific atomic
The "123" and "124" phases ar related by a 1/21100] partial dislocation, positions. Crystallographic criteria include
and TEM images confirm that when the two phases grow together laterally, crystal system, unit cell size, space group,
defects of this type are present in the specimen. When larger domains of and structural subunits. Functional
these two phases meet, a low angle misorientation boundary is found. Such characterizations are based on the geometry of

boundaries are formed in a manner which allows coninuity, of atoic planes specific functional groups (metal-oxygen
between phases to be preserved as much as possible, with a corresponding polyhedra or networks, counterions,
minimization of the interfacial surface energy. An atomic model for this intercalants) and atomic connectivity or unit
type of interface is developed, leading to implications for t stuctura dimensionality (isolated 'ions, chains, layers
nature of the transformation from the "124" phase to the "123" phase. or three-dimensional networks).

The defects observed in multi-phase YBaCuO are likely to have significant Additional classification is based on
effects on the superconducting properies of the material. In particular, they electronic characteristics. Within any scheme,
are expected to conribute to limitations on critcal current values. compounds are identified by a digital code for

cross-referencing. A well designed system
This work iis naonad e Oi-aew. Ofrwc of Basic Energy Sciences. M ier Science should also be useful for the description of
Division of tOw U.S. Depmtem of Energy under Conmct Number DE-AC03.76SF0009. "missing" phases that might form in

constrained, metastable equilibrium.

M7.114 17.116

COMPLEX DEFECTS IN Y-BA-CU-O SINGLE CRYSTALS. Plliognalsz. P ULTRASONIC STUDY OF ELASTIC ANISOTROPY AND LATI'ICE
Schwess. J- F. Marucco and G Collin. C.P.C.M.. DPhG, C.E.A. Saclay. St 563. INSTABILITYOF OF SINGLE CRYSTAL BDi2Sr CsCu208. Jin WU,
91191. Gif Sur Yvette. France. Ye-Ning WANG, Hui-ftlin SHEN, Jin-Song siu, Institute of

Solid State Physics, Nanjing University, Nanjing,

The crystal structure of twenty Y-Ba-Cu-O type single crystals are P.R.Chins.

examined by neutron diffraction on four-circle diffractometer. These

449



Both the longitudinal and transverse sound velocities vs wit relatively high phas purity, gz-zd to a f irm power,
temperature along two perpendicular directions in the a-b an ).SI to for an axially aligned ~roite by' suadiir
plane of Bi 2Sr 2CaCu 2O08 single crystal with Tc-84.5K have it in1 liqpid SpOry in the pream-P of an aligning magnetic
been measured by pulse echo technique, using the field. X-Tay diffractimi with scattering along the
PZT(longitudinsl wave, 7.51,11z) and quartz(shear wave. aligmnt axis gave only (00.14 r'eflections with rocking
1014Hz) transducers. X-rays diffraction experiments deter- orw widths of 10 PWH, inicating good c-axis aligrsinnt.
mined the directions which ultrasonic wave propagated 7he tanaition tstezature Tc defined by extrapolating the
along and ioved that the specimen is a fairly good di5.UUU2StiO signal to zero, was 123.5 K.

monorystl. 7e magetization M(H,T) too investigated in a SW3ID
The elastic constants C1  C ,C and C vs temperature Umatater for field H <c 50 1~e and temrteures T < 130

hav ben clcuate r J h 2 ve~t x.R Teeasi Using the analysis of Ko2gan et al. [Rxys. Iev. B ~
softening minimum around 250K and elastic anisotropy are 12958 (1n88)], we obtaind value for the penetration depth
obviously observed in the a-b plane. The phase-like ),(T as function of temerature. For 11 // c-axis with
transiton s we called near 250K is characterized by the induce supecurfftt in the ab plane, the corresponding
jump of lattice parameters but with symmetry unchanged. It ; ws tionit Gapth >,a2(T Nos ewaltet andl copared With
was also found that the sound velocity minimum results various theoetcal remilts for the taeratarre dpndnc.
primarily from a shear instability.* which is consistent Bc weak culing remits in the clean limit appeared to
with the appearance of intermal friction peak and ferro- give a better dsriptiain of the data than tw fluid, dirty
elastic stress-strain loop around 2501 induced by the limit, or strong oupling calcuJlations. An extrapolation to
motion of interfaces of two phases with slight different T - 0 K gave a value for >,a(0) - 0.17 u.Analngaos
lattice parameters. because the mobility of interfaces reits for the pentruticin depth cormxxigto vortex
of ten originate from shear deformation. superrfts along the c-axis Will be discsed.

M7 .117 1i--a pmwored by the Division of MaterlaS ScaMexWe,
U. S. Dearbaral of nergy Under cotract M-AC)--84CIR21400

IRRADIATION EFFECTS IN T12Ca2Ba2Cu3OlO SUPERCONDUCTORS. L With Martin Marietta &Wzoy Systems, Inc.
C.Babour, J. F. Kwsk, E. L. Venturini, D. S. Ginley, and

p. S. Peercy, Sandia National Laboratories, Albuquerque, NMt M7.119
87185. SUPERSTRUCTURE AND LONG PERIOD ANTIPHASE BOUNDARIES

IN BizSr2CaCuzO8-x. R. Herrera, P. Schabes-Retchkiman. J.
The effects of ion irradiation on Tc, Jc, and flux pinning Reyes-Gasga. and M. J. Yacaman. Instituto de Fisica.
were studied in thin superconducting films of U.N.A.M, Apdo. Postal 20-364, 01000, Mexico, D.F., Mexico
TllCa2Ba2Cu3OlO. Our previous studies of 0-irradiation were
extended to other ions and energies to separate the effects The occurrence of a superstucture in the electron
of energy deposition into ionization and atomic diffraction patterns along the b-axis in the Bi based
displacements. We also looked for flux pinning from low high-Tc superconductors has been reported by several
fluence He irradiation. The range of the ions was chosen to groups. Although several models have been proposed. no
be greater than the 0. 2 to 0. 7 pm thickness of the highly agreement has been reached on the type of superstructure.
oriented polycrystelline films on SrT1O3 substrates.
Comparison of 760 keV 0 and 2 MeV H~e ion irradiations shows We have analyzed the structure of the BizSrzr-aCuzO8-x from
comparable decreases in Tc for comparable energy into atomic the long-period superstructure point of view. An
displacements, suggesting that ionization effects are incommensurate modulation along the b-axis has been found
negligible. The zero resistance state is suppressed at a with mean size for the antiphase boundaries of M-15/2. It is
damage level of 0.028 dpi for 760 keV 0 irradiation. The concluded that the superstructure is consistent with a
behavior of the p vs. 7 curve was found to depend long-period structure based on planar defects such as
sensitively on both the microstructure and quality of antiphase boundaries. Calculated diffraction patterns and
interconnections between grains. T

c(p- 0 ) and Tc(onset) images using this Model are in full agreement with the
decreased smoothly without structure in the p(T) curves for experimental results obtained by several groups. We
0. 7 Im films which had high substrate coverage and broad conclude that the incommensurate structure along the b-axis
grain interconnections. In contrast, Tc(onaet) remained ob~served in these materials can be explained in terms of a
approximstely constant while Tc(p-0) decreased and extra simple defect structure.
structure appeared in the p(T) curves for 0.2 ism films which
had - 75% substrate coverage and narrow grain 147.120
interconnections. Finally, no effect on the 44 meV pinning TRANSMISSION ELECTRON MICROSCOPY STUDY OF
barrier in a 0.5 kG field was observed for fluences up to Fe-DOPED BiCaSrCuO. K. Eruwati. R. Gronsky, R.L. Meng*,
1x1015 Ne/cm,2 (2 11eV He), which decreased Tc by .10% and and C.W. Chu*, Department of Materials Science and Mineral
the magnetic shielding current by 151. We speculate that Eninerng, University of California, and Nations] Center for Electron
grain boundary pinning is sufficient to mask effects of ion- Microscopy, Lawrence Berkeley Laboratory, Berkeley, CA 94720;,
induced defects on the pinning. *T'exas Center for Superconductivity, University of Houston, Houston,

This work was funded by the U.S. DOE under contract no. Texas 77204
DE-ACO4- 76DP00789.

147. 118 Large-angle grain boundaries have been frequentjy observed in high-
resolution transmission electron microscope images of iron-doped
BiCaSrCuO (BCSCO) high-temperature superconductors. When the
matrix is viewed along the [001] crystallographic orientation, a direct view
of the c-plane stacking is observed in small, high aspect-ratio grains.

?Km~ pbm a~w um o ALM cm l OF 7W These perpendicularly oriented grains have widths along the (0011
709 - Kua= 2M= 310+6* -direction on the order of hundreds of Angstroms. This type of

V16'"1D K.@iraterp K. A. jt 1. m.J. icrostructure has not been found in BCSCO doped (five atom-ic percent.
knrrme' S. T. Sabrsina, H. R4. Ke a~m , D with respect to Copper) with other metals (Co, Ni, Zn and Ga), nor in
BuioaU. ak Ridge Natiarrl KabaMtosy, o0& Ridge =K 37831 undoped material. Therefore, its presence suggests that the introduction

and ~ ~ bopt CC p~ie dWiyo enegW vl of iron Must cause Some Change in the surface energy, and hence
microstructure, of the material. This study attempts to explain this

pal) t5lis sintr *wls of th i t~spaab mIncrostructure, and to, correlate it to measured electronc propertes.
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The microstructure found in the Fe-doped materials may have significant M7.124
effects on superconducting properties, due to weak conduction links and
flux pinning at the grain boundaries. The superconducting transition
temperature of the Fe-doped material is markedly lower than the undoped PHYSICAL PROPERTIES OF Bi2Sr2CuO6, THE

material. Although the increased grain boundary area of this SEMICONDUCTING PHASE, STRUCTURALLY DISTINCT
microstructure may be responsible for some of the lowering of the FROM THE N=1 Bi-CUPRATE SUPERCONDUCTOR. Byan C.
transition temperature, its effect on the critical curent and critical magnetic Chakoumakos Brian C. Sales, and Edward Sonder. Solid State
field of the superconductor is expected to be much more dramatic. Division, Oak Ridge National Laboratory*, P.O. Box 2008, Oak

This work was supported by a University of Houston (TCSUH) Ridge, TN 37831-6056.

subcontract under DARPA Grant No. MDA972-88-J-1002, and by U.S.
Department of Energy Contract No. DE-AC03-76SF00098. The stable phase that forms near 2-2-1 in the Bi-Sr-Cu oxide

system is now recognized as a semiconducting phase

712 structurally distinct from the n = I Bi-cuprate superconductor,
7.121 ABSTRACT NOT AVALABLE whose actual composition (Bi2Sr2.xCuO6-y, x= 0.1-0.25, y=0-0.5)

is deficient in Sr. The 2-2-1 phase forms by a slow solid-state
K(7.* 122 replacment of the superconducting phase for compositions near

PROCESSING AND CHARACTERISATION OF SINGLE PHASE 2-2-1. It also has been grown from melt compositions (2-2-1

SUPERCONDUCTING THIN FILMS IN THE Bi-Sr-Ca-Cu-O ranging to 2-2.25-1.5), but single-phase products are not

SYSTEM FROM CHEMICAL PRECURSORS. T. E. Bloomer, obtained, implying incongruent melting. Alumina and

S. J. Golden, F. F. Lange and K. J. Vaidya. UCSB, Materials zirconia crucibles promote the growth of the superconducting

Dept., Eng III, Santa Barbara, CA 93106 and W. L. Olson. phase by reacting with the melt to remove Sr, whereas Au

Superconductor Technologies, Inc., 460 Ward Drive, Suite F, crucibles promote the growth of the 2-2-1 phase. Owing to its
fine-grained, fibrous habit, structural characterization has been

Santa Barbara, CA 93111. difficult. Of the unit cells proposed, that of Roth et al. provides
the best fit to our x-ray powder data, A = 24.654(2), b = 5.4074(8), c

Single phase, superconducting thin films in the Bi-Sr-Ca-Cu-O = 22.241(7) A, 0 = 106(1)0. Although, the superconducting n = 1

system have been fabricated by the spin-pyrolysis of ethyl Bi-cuprate exhibits variable Sr and 0 contents, the 2-2-1 phase

hexanoate liquid precursors on single-crystal MgO. Thin films appears to be a single composition with no oxygen exchange

were characterized by a variety of techniques. In addition, a observed by TGA. The 2-2-1 phase is semiconducting as

parallel study of bulk material was carried out using high determined by electrical resistivity measurements.
temperature X-ray diffraction and differential thermal analysis.
It was found that single-phase films (by X-ray diffraction and
scanning electron microscopy ), with a Tc (R = 0) of 86K, were *Research sponsored by the Division of Materials Sciences, U.S.

obtained only with Sr-defficient, Bi-rich compositions (cf.'2212'). Department of Energy under contract DE-ACO5-84OR21400 with

With these film compositions, a wide temperature range was Martin Marietta Energy Systems, Inc.

found to exist over which single-phase, two-layer c-axis
oriented films could be obtained; 745-840 C. Thin film data
relating to the two-layer composition range and temperature 1(7.125

range of formation are interpreted in terms of differential
thermal analysis and high temperature X-ray diffraction data;
possible phase relations pertinent to the formation of thetwo-layer phase are discussed. RF SURFACE RESISTANCE MEASUREMENTS IN THE Pb-

Bi-Sr-Ca-Cu-O SYSTEM. .T..anagan, C. T. Bohn, J. R.

Delayen, M. C. Einloth, R. N. Vogt, and U. Balachandran,
Work supported by US DARPA under contract Argonne National Laboratory, Argonne, IL.

Superconducting Bi2 Sr 2 CaCu2Ox (BSCCO) specimens were

M7.123 fabricated by melting and recrystallization. The melting
operation required that BSCCO be placed on a compatible

MAGNETIC AND 11,Sn MOSSBAUER EFFECT STUDY OF Sn-DOPED substrate, for which silver was found to be suitable. Silver
Pb 2Sr 2Eu 5Ca0 Cu 3-xSnx 0$Z (x - 0.1) SUPERCONDUCTOR. substrates up to 6 in. in diameter were coated with BSCCO

p.p. Vaishnava, GMI Engineering and Management institute, thick films and subsequently fired at 850 to 910C. Samples

Flint, MI 48504; and C.D. Nelson and V.P. Pratt, Jr., Dept. were characterized by scanning electron microscopy, x-ray
f ydiffraction, and critical current density. The rf surface

of Physics and Astronomy, Mich2gan state University, East resistance was measured by replacing the bottom of a TE-mode
Lansing, MI 48824. resonant cavity with a BSCCO thick-film specimen. A sharp

transition in rf surface resistance was observed at 80 K.

X-ray diffraction, magnetic susceptibility and ii'Sn Pb-doped BiSrCaCu I sOx did not require melting and could be
Mosbauer effect measurements have been performed for the sintered without a substrate. Organics were added to the Pb-
titled superconductor. From the x-ray diffraction measure- doped BSCCO nwder, and a plastic mass was extruded into
montS, it was found that the sample is a single-phase wire. Various heat treatments were carned out for siterig
Merial. To obtain information about the diamagnetic times of up to 14 days. the wire was then placed as the center
shielding and Neismner effects, susceptibility measurements conductor in a resonant coaxial cavity, end surface resistance
were performed in a) the field-cooled and b) zero-field- at 1 GHz was measured as a function of temperature from 4 to
cooled modes. The i'5Sn Mossbauer effect spectrum showed 120 K. Rf surface resistance data revealed that the onset of
the presence of Sn in the 4+ state. No evidence was found superconductivity occurred at 105 K and that the transition
for the 2+ state of Sn. was very broad. This is in contrast to undoped BSCCO speci-

Vork supported by the HSU Center for Fundamental Materials mens measured earlier. The rf surface resistance will be
rsupport ycompared with copper, YBa2Cu3O7-x, and other supercon-

Research. ducting materials.

Work supported by the U. S. Department of Energy, Office of
Energy Storage and Distribuiton, Conservation and Renewable
Energy, under Contract W-31-109-Eng-48.

451

L



M7.126 Unidirectional solidification processes, for making high Tc
MAGNETIC PROPERTIES OF Pb Sr Eu Ca Cu 0 SUPERCONDUCTORS. superconductive oxides have been investigated. The potential
C.D. Nelson and 2.P. Pratt, Jr., Dept. of Physics and importance of solidification processing route was revealed by the
Astronomy, Michigan State University, East Lansing, MI high critical current densities demonstrated by S. Jin et al. and M.
48824; and P.P. Vaishnava, GMI Engineering and Management Murakami et al. in textured YBa2 Cu 3O07 . In this report, we
Institute, Flint. MI 48504. present effects of solidification processing parameters on texture,

morphology, grain size, and structure of crystals grown
unidirectionally. Processing parameters include growth rate (R),

X-ray. diffraction and magnetic measurements using a SQUID liquid/solid interface temperature gradient (0), rod diameter (d),
magnetometer have been performed on Pb2 Sr l 3 CaxCu308+z and rod initial composition (Co). The ratio G/R adjusts the texture,
(0 < x < 0.9) superconductors. For x - 0, 0.1, 0.3, 0.5, morphology, and structure of the crystals. The texture of the
and 0.7, we have single phase materials. Hovever, a small processed rods of Bi2 Sr 2 CaiCu 2Oy was with the c-axis normal to
percentage of an impurity phase is noticed in the x - 0.7
sample, and the x - 0.9 sample is clearly not a single phase the rod axis. The higher the G/R, the more highly the crystals
material. The onset temperature for the superconducting grow unidirectionally. The crystal grains become larger and
transition becomes higher as the Ca concentration is in- longer with decreasing the growth rate. Interrelation between
creased. To obtain information about the diamagnetic textured structure and superconducting behavior will be presented.
shielding and Meissner effects, the susceptibility of all
the samples was measured under two protocols: zero-field- Work supported in part by the Ministry of International Trade and
cooling and field-cooling. The Heissner fraction was always Industry (MITI) through the New Energy and Industrial
less than lOO1, but this fraction increased as the Ca con-
centration was made larger. From our susceptibility versus Technology Development Organization (NEDO)
magnetic field measurements. we have obtained values for Hcl M7.129

and Bc2.

Vork supported by HSU Center for Fundamental Materials

Research.

M7. 127

INVESTIGATIONS ON SUPERCONDUCTIVITY IN Pb-Sr-R- FLUX-ASSISTED PREPARATION OF POWDERED
Ca-Cu-O (R=Y,Gd,Dy) OXIDE SYSTEM, Ram Prasad and BISMUTH SUPERCONDUCTORS, R. H. Arendt, M. F.
NC. ,Metallrgy O DvsToM, Atomi Garbauskas and L. L. Schilling, General Electric
N .C. Soni, Metallurgy Division, Bhabha Atomic Company, Corporate Research and Development, P. 0.
Research Centre, Trombay, Bombay 400 085. Box 8, Schenectady, NY 12301.

The effect of sintering temperature, furnace

atmosphere and composition on the Resuls are presented on efforts to prepare both the 80K and
superconducting transition temperature of 1 10K transition temperature bismuth superconducting species
several members of the series Pbs Srz R, -x Cax in either phase pure or nearly phase pure, powdered form.
Cu3 0 (0.0 < x < 0.7, R = Y, Gd, Dy) has been Such material can be used to fabricate superconducting
investigated. The shape of the resistivity structures, such as metal sheathed wire and tapes. Two
temperature curve and the zero resistance solvent systems were investigated. It was found that the 110K
temperatures cre aond the ero resitce species could not be prepared with either flux system. In
temperatures are found to be extremely sensitive contrast, the 80K species could be prepared with either flux. In
to the synthesis parameters employed, one case, the final product was the nearly phase pure, with
Superconductivity is not observed in the samples highly reproducible superconducting characteristics. Data will
treated in oxidizing atmosphere or heated at be presented on the effects of variation of the reaction
very high temperature. Samples sintered in temperature and duration, solvent content, and of post-
flowing nitrogen atmosphere showed incomplete synthesis anneals of the product materials.
transitions starting at about 75 K and extending
down to 15 K. We have developed a new and
comparatively simple synthesis procedure
involving treatment of the sample in vacuum to
obtain nearly single phase materials showing
metallic behaviour and superconductivity. The
superconducting onset temperature is found to be SYNTHESIS ANDPROCESSINGOFBi-Sr-Ca-Cu-OPOWDERS.
about 75 K and the zero resistance temperature S-M. ohns. M. 1. Gusman, L. Liu, R. H. Lamoreaux. SRI
is 50 K. With this procedure, samples of the International, Menlo Park, CA; and C.B. Eom, Stanford University,
composition PbsSrsYCusOt also show Stanford, CA.
superconductivity. The effect of replacement Powders in the BI-Sr.Ca-Cu-O and related systems have been synthesized
of calcium by other ions will also be discussed. by freeze-dying. The properties of these powders are compared to those of

K7.128 powders in the Y-Ba-Cu-O system. Bi-based powders have a larger particlesize (>Igim) than Y-Ba-Cu-O powders because calcining temperatures are
HIGHLY TEXTURED SUPERCONDUCTING Bi 2Sr 2CaCu2Oy close to the melting point. The effects of sintering temperature on critical
CR YS1ALS PREPARED BY UNIDIRECTIONAL transition temperature have been studied. Powders containing lead have
SOLIDIFICATION PROCESSING. also been prepared.
T.Oyama, M.Nakagawa, T.Suga, K.Ishige, S.Nagaya, M.Miyajima,
.Hirabayashi, Y.Shiohara. and S.Tanaka, Superconductivity An overview of the powder synthesis method will be presented. followed

Reseirbcyh LaboratorS RL anerndtinal Superconductivity by data on the effects of the processing conditions on the superconductingResearch Laboratory (SRL), International Superconductivity properties.

Technology Center (ISTEC), 1-10-13 Shinonome, Koto-ku, Tokyo

135, JAPAN. This research is supported by the Electric Power Research Institute.
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7.131 as CuO and (Ca.Sr)2C;,O, complicated efforts to obtain the

SYNTHESIS, MICROSTRUCTURE AND CRITICAL high Tc phase in pure form. The effect of dopants (such as Pb,
CURRENT DENSITY OF CRYSTALLIZED GLASSES IN Sb, Sn, Ge) on stabilization of the high Tc phase was also
Bi-Sr-Ca-Cu-O SYSTEM." Dongba.Shi M. S. Boley, investigated. A coexisting liquid phase was observed during
J. G. Chen, Ming Xu, U. Wep, and K. Vandervoort, heat-treatment, and might play an important role in the
Argonne National Laboratory, Argonne, Illinois 60439. formation of the high Tc phase. Results will be discussed with

respect to data on superconducting properties as a function of
Materials in the Bi-Sr-Ca-Cu-O system with various nominal microstructure evolution.
compositions have been completely melted and rapidly
solidified by using splat quenching technique to produce highly N?.134
dense and homogeneous glasses. Desired superconducting
phases with single resistive and magnetization shielding
transitions at 110 K and 85 K have been obtained through
subsequent crystallization anneals. With highly controlled SpECMIA TpRMw ON BiCaSrCuo S q . X.W.
microstructures, the flux pinning strength is greatly in- Wan, K. Scott, C. Moore, R. Snyder, Alfred univirsity,
creased resulting in a 30 times increase in intragrain critical N.1. 14802
current density from 105 A/cm 2 to 107 A/cm 2 at 5 T at 10 K.
Two types of microstructurl changes have been observed, After initial studies on BiCaSrcuO superconductors 1, we
which are likely to be responsible for the rapid increase of have obtained sa now results under two special

treatments. The first technique is the glass ceramic
critical current density. Large amounts of finely dispersed BiCasrCuO with magetic treatment. It is observed that
precipitates have been found in the sample matrix, and the the crystal orientation and grain sizes are different
density of the precipitates greatly increases with the calcium from that wider no magnetic treament. The phase
and copper concentration in the starting material. Extra formation condition will be discussed.
calcium and copper supersaturated in the sample matrix also
causes severe lattice distortion and forms large quantity of 7tie second technique is the metal doping in BiCaSrCuO
surface defects. These atomic lattice defects are also believed to system. It is observed that under Al doping, thl
increase the flux pinnng strength. mechanical strength of Bi compound is increased

Furthermore, Pb doping has a stronger effect on the
phase formation. The mechanical strength is also

M7.132 enhanced when Pb concentration is not too high. A

CRYSTAL GROWTH OF HIGH Tc SUPERCONDUCTORS IN detailed study of superconductivity, crystal structure

THE SYSTEM Bi-Ca-Sr-Cu-O. P-DHAN and D.A.PAYNE, and morphology will be presented.

Department of Materials Science and Engineering, S
Materials Research Laboratory,and Science and X.. a , et l, "odes of the BiCaSrC io

Technology Center for Superconductivity, materials", in "Superconductivity and its Applications",
University of Illinois at Urbana-Champaign, 7 d. H. Rw* et al (Elsevier, New York, 1988).Unirbna IL6 1W Wang tl, Soe Physical Properties of Ceramic
Urbana, IL 61801. Superconductors", in "8th Joint Symposium on Materials

Systematic investigation of crystal growth in the Science", June 1989, Rochester, N.Y.

system Bi-Ca-Sr-Cu-O is reported. Centimeter size N7.135
single crystals of Bi2CaSr2Cu2O8 (2122, Tc=SOK) and PREPARATION OF BiPbSrCaCuO SUPERCONDUCTORS BY
B12Sr2CuiO6 (2021, Tc=lK) were grown from off- LASER PEDESTAL GROWTH METHOD : K.Jiayashf, H.
stoichiometrc and stoichiometric melts. Data are Nonoyama, 1 .Ueyaaa, N .Nagata, B.Hitotsuyanagi
reported for the fluxes used and developed.
Millimeter size crystals of Bi2Ca2Sr2Cu3OlO (2223, Sumitomo Electric Industries,LTD. 1-3, Shtaaya, I-

Tc=11OK) were grown by crystallization of chose, Xonohanaku, Osaka 554 JAPAN

amorphous precursors in the solid state. The three BiPbSrCaCuO crystals were prepared by laser ped-
types of superconducting crystals were
characterized by ON, XRD, SEM, TEM, SQUID and estal growth eted. Crystal structure and super-
resistivity measurement. Data are reported also for conducting properties (Tc,Jc) were studied as a
the Influences of growth parameters and chemical function of crystal growth and post annealing

additions (e.g., Pb,Sb,Ge,Sn) on superconducting conditions.

characteristic and growth mechanisms. Noanal coaposition of Bi:. 4 Pbo.sSraCasCusOx was

M7.133 typically chosen for this study. The beat source
was COa laser which melt the top of the feed rod.

EVOLUTION OF THE HIGH TC PHASE IN RAPIDLY The sample obtained by this method was about 2.Sas

SOLIDIFIED Bl-Ca-Sr-Cu OXIDES. A A P.D. Han. diameter and 90as long. Pb and Bi were slightly

Z. Xu. L. Chang and D.A. Payne, Department of Materials evaporated from the melt, but the macroscopic com-

Science and Engineering, Materials Research Laboratory, and position shown by ICP analysis did not change dur-

Science and Technology Center for Superconductivity, ing crystal growth. As-grown crystal consisted of

University of Illinois at Urbana-Champaign, IL 61801. SrCaCuO and 2212 phase which were alighned to lon-
gitudinal direttion of the sample. After annealed

Materials in the Bi-Ca-Sr-Cu-O system were prepared by in air, SrCaCuO and 2212 phases reacted each other
rapid solidification. Specific heat-treatment conditions for the and 2223 phase was grown between them. As the
crystallization of the various superconducting phases annealing time became longer, the volume fraction
(i2Sr2CulO6, 8I2CalS2Cu2Oa, 6i2Ca2Sr2Cu3O10) were of 2223 phase became larger. Up to now,Tc of l08X
identified. The effect of heat-treatment conditions and chemical and Jc of 15GOA/csa at 77.3K without magnetic
additives on the superoonducting properties was studied. field are obtained.

This study was carried out as a part of "RID
Emphasis was plaoed on optimizing processing conditions for program for superconductive generation equipment
enhancing the content of the high Tc(Bi2Ca2Sr2Cu3OlO) and materials" under the Moonlight Project of
phase. Anumberofstartingcompositionswereused ilordK Agency of Industrial Science and Technology, MITI
maximize the fraction of the high Tc phase. Intergrowhs of and also being commissioned by the New Energy
lower Tc phases, and precipitation of wrtnsouS phsa Such and Industrial Technology Development Organization

(NEDO).
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17.136 N7.138

THE PREPARATION OF Bi-Pb-Sr-Ca-Cu-O SUPER-
CONDUCTING POWDER FOR THICK FILM PASTES. J.

NW ) W FUR SYNTREZ.ZIG Bi-Sr-Ca-Cu-O . Hagberg, A. Uusimlki, J. Levoska and S. Lepptvuori,
LL Tanaka, and K. Rabu, Microelectronics and Material Physics Laboratories, University of

SOY Corporation Research Center, Tokyo, Japen. Oulu, Oulu, Finland

It is well known that Bi-Sr-Ca-Cu-O (S ) super- Fine grained and homogeneous (Bi-Pb)-Sr-Ca-Cu-O powders
conductor ceramics consist of B* Sr ca Cx, (2223), with nominal compositions near by Bi2 Pb0 4Sr 2Ca 2Cu 3Oy were
B' Sr Ca Cu, (2212), and o 1 4 cnnsfi
el= Ts l' single phase ceramics with iighT of made via the oxalate route. In this route, nitrates of bismuth, lead,
about 107 K were fabricated only in BSO00 with l6. it is strontium, calcium and copper and oxalic acid were used as the
likely that this superconductor is the alloy with the starting materals. The pH of the solutions made from starting
composition of (Bi, Pb)Q(Pb, Sr' C) M9O, . The materials was regulated with ammonium hydroxide around a
superconductor with Pb hnave progrtlel diffe'rent from value of 3. The oxalate precipitates were filtered, washed and
those of the pure B=D. vleo .Teoaaepeiiae eefleewse n

dried. The powders were then annealed at below 700 °C to
In this work the processes for preparing the oxide decompose them to oxide powders. The powders were

superconductor with high T are studied in the BS= investigated by TGA, TDA, XRD and TEM, and particle size and
ceramics without Pb. We hive obtained the BSCm ceranics surface area measurements were carried out. The effect of the
with the ratio (2223)/(2212)=1.5 - 1.8 in the nominal production parameters, such as washing conditions of the
calpositin of 2:2:2:3 or 2:2:3:4 for Bi:Sr:Ca:Cu after residue and the decomposition annealing temperature of the
the sintering for about 30 hr. It is likely that the oxalate powder on the particle size of the powder, was studied.
crystal graitb of (2223) is not depending on the nominal
composition but the sintering conditions. Our results
predict that synthesizing (2223) ceramics without Pb is The decomposed powders were found to have particle sizes from
possible. The key conditions of our processes are as about 50 nm up to 750 nm, and the particles formed
follows; 1) Sr-Ca-cu-O precursor Oxide and Bi,. 3 are agglomerates with the largest dimension being up to 2 um. These
used for rzamaterials of the sintering procesl. 2) The powders were mixtures of oxides or oxides and carbonates
P:artial pressure of O, are arranged 0.08-0.10 atm. in the depending on the decomposition annealing temperature. The
sintering process. Tffe uuperConducting critical
temperature T determined by a.c. magnetic susceptibility size of particle agglomerates was found to be controlable. The
maamirumt ii 107 K for (2223) and 80 K for (2212). properties of thick film pastes made from oxalate based powders
'he -analous decrease of magetic susceptibilities is were found to be superior to the mixed oxide/carbonate based
observed at the tamperature below 50 K, and is very pastes.
sensitive to the aplied magnetic field. The origin of
this Phenmenon is under enixation. M7.139

PHASE CHEMISTRY, MICROSTRUCTURE AND PROPERTIES
17.137 OF DIRECTIONALLY SOLIDIFIED SUPERCONDUCTING

Bi2Sr2CaCu2Oa. H.M Chow. X.P. Jiang, M.J. Cima. J.S.
Haggerty, and M.C. Flemings, Department of Materials Science
and Engineering, Massachusetts Institute of Technology,
Cambridge, MA 02139; H.D. Brody, University of Pittsburgh,
Pittsburgh, PA 15261.

ELECTRICAL AND MICROSTRUCTURAL CHARACTERISTICS Ceramic rods of Bi2Sr2CaCu 20 8 (2212) were directionally
OF REGRADED Bi-Pb-Sr-Ca-Cu-O SUPERCONDUCTOR solidified by laser-heated float-zone crystallization. The
PREPARED BY RAPID THERMAL MELT PROCESSING microstructure of the resulting material can be controlled through
8- M. Moon, B. Lalevic, Y. Lu, "B.H. Kear, *LE. McCandlish, **A. variation of growth parameters such as growth rate and oxygen
Safari, and **M. Meskoob. Department of Electrical partial pressures. Highly textured sarmples composed of the 2212
Engineering, *Department of Materials Science, -Department phase are produced at growth rates less than 0.1 cm/h. At these
of Ceramics. Rutgers University, P.O. Box 909, Piscataway, low growth rates, the solidification front proceeds along the (200)
New Jersey 08855-0909 axis of the 2212 grains. Faster growth rates are accompanied by

the appearance of minor amounts of other phases in a matrix of
highly-textured 2212 which accomodates the necessary changeProperties of rapidly melted Bi-Pb-Sr-Ca-Cu-O ceramics have in soichiometry. Bi2Sr 2CaO6 was the only other phase observed

been studied. Sintered pellets were meted at 1200C, cooled at 0.2cm/h. Four other phases were found at 0.7cm/h;
rapidly, then annealed. As-melt crystal exhibits a semiconductor Bi2Sr2CaO6, Bi2Sr 0.7CaO4 .7, Bi4.sSr2.TCu 2Ox, and
behavior and melt-annealed samples are superconducting at Sr1 .4CaCu3.sOx. Several of these phases are previously
105K [To0]. Rapid Thermal Melt Processing (RTMP) has the unreported but do have analogs with binary oxides in this system.
potential of overcoming many problems, such as porosity, poor The secondary phases can be removed through annealing with
current carrying capacity, and poor mechanical properties. This associated impact on the microstructure. Very high growth rates
is due to the crystal growth at a controlled rate to an essentially (16cm/h) yield samples that contain only BisSr3Ca2012.5,
uniform size distribution while embedded in a virtually pore-free Bi4 .aSr3Cu2Ox, and Sr3Ca 2CusOx and no 2212.
matrix during RTMP and subsequent host-treatment.

1(7.140

In this paper, The correlations between electrical and MELT PROCESSING OF SUPERCONDUCTORS IN THE Bi Ca Sr Cu Ox
microstructural characteristics of RTMP-annealed samples will SYSTEM. J.P. Cronin, S. West, E. Roberts, S. Rosenfelder

be discussed. Also, X-ray diffraction, SEM, magnetic and D.R. Uhlmann, The University of Arizona, Arizona
aterials Laboratories, 4715 E. Ft. Lowell Road, Tucson,

susceptibility, DC resistance, and critical current density data AZ, O*.H. El-Bayou i and R.,. Andrews, Solid State Sciences
will be presented. Directorate, Rome Air Development Center, Hanscom Air

Force Base. MA
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Glass formation in the Bi Ca Sr Cu ox system has been M7.143
explored as a function of composition. Also investigated
were the effects of selected dopants on glass formability. ORIENTATION PROCESS OF Si-TYPE OXIDE SUPER-Upon reheating the glasses, they were observed to CONDUCTOR AND ITS HIGH-FIELD TRANSPORT PROPERTIEScrystallize readily. The morphology and composition of N.Enoamoto, H.Kikuchi, K.Imaa H.Takai and N.Unothe crystalline phases were investigated as a function of Yokohama R&D Labs. Furukawa Electric Co. ,Ltd. .2=4-
overall chemistry, melting conditions and heat treatment. 30kano Nishiku, Yokohama 220 Japan.
The chemistry and microstructures of the phases are
compared with measurements of the critical current density We have been studing both improvement ofand critical temperature for superconducting behavior, alignment of Crystal grain and reduction of weak-link in grain boundary in order to increase super-
M7.141 coductivity of bulk. In this case It is effective

to improve oriented cristal grain.
In case of Bi-type oxide, heat treatment
including liquid phase was quite effective to
obtain both low-Tc and high-Tc phase as singleCATION DISORDERING IN T SUPERCONDUCrORS*. phase, without Pb-doping. By a modified powder inR. Morosin, R. J. Baughman, D. S. Ginley, J. F. Kwak, J. E. tube process using Ag, Bi-type calcined powder wasSchirber, C. P. Tigges and E. L. Venturini, Sandia National processed into tape wire with 0.1-0.5 am thick.Laboratories, Albuquerque, NM 87185 The detailes of the reaction envolved here were
made clear by using TG/DTA, EPMA, XPS, XRD, etc.Detailed structure determinations on crystals grown from melts By XRD and SEM revealed were c-axis orientedwith different metal oxide ratios suggest cation solid solution (or texture perpendicular to wire axis and aligneddisorder) occurs in Tl-Ca-Ba.Cu-O high-Tc superconductors. Such grain structure, which was suppose to be formeddisorder together with varying oxygen vacancies alters the carrier through reactive sIntering including liquid phase.concentration, producing a wide range of Tc's for individual crystals Jc values were measured at 77 and 4.2 K upto 31 T.belonging to the identical structure-type or phase. These small 5 h0i" A/c was obtained over 20 T at 4.2 K, in

stoichiometric differences are also reflected in the lattice which working mechanism for pinning will be
parameters values reported by different laboratories for a particular presented.

hase. The effect of pressure on Tc has been determined using anW.F. techni que. On the TM2CaBaCuOspae ,rc/apo This work was conducted as collaboration withkF.tecniqe. n he I2C~a 2 u2O pase, a TI-rich/Ca-poor Tokyo Electric Power Co.Ltdcrystal with a Tc of 95K had dTc/dp = 0.33±0.04 K/kbar while a
more stoichiometric material with Tc of 106K had a smaller value
of 0.20±0.04K/kbar. Such large differences in the pressure M7.144
derivative of Tc may result from such cation disordering. Vacuumand xygn aneaingstuieson wll-harcteize Vauum EFFECT OF OXYGEN PARTIAL PRESSURE ON STABILITY OF HIGH-TC
and oxygen annealing studies on well-characterized crystals are PHASE IN SINTERED Bi-Pb-Sr-Ca-Cu-0 SUPERCONDUCTORS. H.K.being explored to better understand the relationship to LEE, K.W. Lee, D.H. Ha, and J.C. Park, Korea Standardssuperconducting properties. Research Institute, P.O. Box 3, Taedok Science Town,

Taejon, 305-340, Korea

M7.142 The effect of oxygen partial pressure on stability of
CRYSTAL STRLCTLRES AND SOLID SOLUTION BETWEE\ TI-Sr-Ca-Cu-C high-Tc phase in Bi-Pb-Sr-Ca-Cu-O system has been
A\D TI-Ba-Ca-Cu-C SUPERCONDUCTORS. A.Soeta, T.Suzuki, investigated using x-ray diffraction, resistivity and

a.c. susceptibility measurements. It was found that partS.Takeuchi, T.Kamo, S.4atsuda,Hitachi Research Laboratory, of the high-Tc phase (> 100 K) in Bi-Pb-Sr-Ca-Cu-O system
Hitachi Ltd., Hitachi-shi, Ibaraki 319-12, Japan was transformed into low-Tc phase (-80 K) and insulating

phase by heating in the temperature range 820 OC to 8800C
We report the superconductivity and crystal structures in TI- in 02 of one atmosphere. This transformation resulted in
(Ba.Sr)-Ca-Cu-O(TBSCC) system. The samples were prepared by sensitive dependence of zero resistance temperature in

low magnetic field as well as the decrease of zeroa conventional powder-mixed method. The atomic ratio of Ti: resistance temperature of the superconductor. The a.c.
(Ba+Sr):Ca:Cu was 2:2:2:3, corresponding to Tl.Ba,Ca.Cu Ox susceptibility measurements indicated that the transfor-
phase, and the Ba/Sr ratio was varied at 1/4, 2/3, 1/1, 3/2 mation occured mainly in the coupled phase between high-
and 4/1. Electrical resistance was measured by the standard Tc grain phases. It is shown that the original high-Tc
four-probe method and susceptibility change by the standard phase can be restored upon retreatment at 840 OC in low

oxygen partial pressure of 0.1 atmosphere. The reversibleAC method. In the case of TBSCC system, the single phase superconducting phase transformation is discussed in
was obtained more easily compared with the TI-Sr-Ca-Cu-O(TSCC) conjunction with the formation mechanism of the high-Tc
and TI-Ba-Ca-Cu-O(TBCC) systems. As a result we achieved phase in Bi-Pb-Sr-Ca-Cu-O system.
the high superconducting volume fraction, 95% above lOOK.
The Tc decreased gradually from both TBCC and TSCC sides as M7. 145
a function of the Ba/Sr ratio. The Tc value changed THE SUPERCONDUCTIVITY OF Bi 1 .6Pb0.4Sr 2Ca2(Ca -x
discontinuously at Ba/Sr=l.O, which was caused by the Agx) 3 0y AND Bi I .6Pbo.4Sr 2 Ca 2 Cu 3 Oy + x wt% Ag.
crystallographic transformation. By the X-ray diffraction Chonde Wei, Chin Lin, Qing'ong Feng, Zunx:iao
and TENq analysis, the crystal structure was determined to be Liu, Jian Lan, Yunxi Sun, Guozhong Li, Ke Wu,
the 2223 phase consisting of three CuO2 planes sandwiched by lixin Xue, Zizhao Gan, Department of Physics,
T1-O bilayers in the Ba rich side, and the 1223 phase Pli. ing University, Beijing, China.
consisting of three CuO, planes sandaiched by TI-O monolayer Both in- itially Ag-doped Bi I . 6PbO. 4Sr2a 2CU 3 _
in the Sr rich side. The crystallographic transformation is 0 y + x with x=.5, 1.0, 5.0, 10.0, 15.0,
r e s p o n s i b l e f o r t h e d i s c o n t i n u i t y o f t h e T c . O n S u b s t i t u t i o h o p e 1 . bO. O,2and substitutionally doped Bi I .6Pbo. 4 Sr,2Ca2 _

(CU1_xAx)30y with x=0.025, 0.05, 0.10, 0.20,
0.40, systems were studied. For interStitiall3y
Ag-doping allsamples have the structure of 2223
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phase, for substitutionally doping the samples essentially single phase 2122 but are aultiphase for all
with x='O.025, 0.05, and 0.10 have the structure other dopant concentrations. Energy dispersive x-ray
of 2223 phase, while the samples with x=0.2 and analysis in the TEM Indicates Co and Fe substitute for Cu
0.4 are mixture of 2223 phase and 2212 phase. In near the nominal concentrations. For the NI and Zn
Semi-quantitative analysis shows that silver doped compounds, resistance measurements show only a slight
atoms distribute both in the grain boundaries depression in Tc for nominal dopant concentrations
and in the grains, the distribution is imhomo- 0 Z x % 0.5. However, EDX analyses reveal NI and Zn are
geneous. only incorporated into the superconducting phase at about

10% or less of the nominal concentration for the prepar-
Magnetic susceptibility measurements indicate ation conditions used. Further microstructural character-
that both the interstitial and substitutional ization of the doped compounds by TEM will also be
Ag-doping yield much higher diamagnetic signal discussed.
for ZFC in a field of 60 Oe at 5K. At 80k,
-4lM/H was also enhanced by Ag-doping for H-200 M7. 148
oe. Magnetic critical current Jc was calculated THE EFFECTS OF SEEDING ON THE FORMATION OF HWGH-Tc

from mag-etization curves at 1 .5K. substitu- Bi-Pb-Sr-Ca-Cu-O COMPOUNDS, Cheol J. Kim and Mark R. De
tional A&-doping increases Jc for x .2. Guire, Case Western Reserve University, Cleveland, OH; and Narottam
Possible explanation was discussed. Bansal, NASA Lewis Research Center, Cleveland, OH.

M7.146 The difficulty of obtaining Bi-Sr-Ca-Cu-O superconductors with large
SYNTHESIS OF VARIOUS Bi-SYSTEMS FROM NITRATES BY USING fractions of the "2223" phase (i.e., the phase with Tc = 110 K, a
A SPRAY-DRYING PROCESS. Jens Hyldtoft, Svend Dahl- characteristic lattice spacing of 3.7 nm, and a reported stoichiometry of
Petersen, Torsten Freltoft. Liselotte Lorenzen. and Per Bi 2 Sr 2Ca 2 Cu 3 OO±y) is well recognized. Very long annealing times
Vase, NKT A/S, Sognevej 13, DK-2605. Broendby, Denmark. within a narrow temperature range, careful composition and/or

atmosphere control, and Pb doping have variously been reported as
Solutions of the spr died, d S, Ca, and Cu nitrates being necessary to obtain single-phase 2223 materials. This study was
were mixed, spray-dried, decomposed, and finally sintered undertaken to determine whether the formation of this phase could be
in various atmospheres. accelerated through heterogeneous nucleation by previously synthesized

2223 crystals. Nearly single-phase powder of Pb-doped 2223 with Tc ofThe two compositions (2212) and (2223) were produced 109K has been added to two types of materials with the 2223
with a 20? Pb substitution for Bi in the (2223) com- composition: rapidly quenched glass, and sintered multiphase crystalline
pound. powder. These materials were then annealed at various temperatures and

times. The resulting microstructures were characterized using XRD,The materials were characterized by X-ray diffraction SEM, EDS, and TEM. In particular, the boundary region between theAC susceptibility and transmission electron microscopy, seed crystals and the matrix was studied to identify the products and
including EDX analyses, understand the mechanisms of the interfacial reactions. These findings

could be useful for single crystal growth or for enhancing the productionThe spray-drying process has several advantages compared of 2223 materials.
to traditional wet or dry milling processes.

Work supported by NASA Lewis Research Center.
Most importantly, the initial material composition can

be controlled very accurately which is of specific M7.149
importance for obtaining pure phases. OPIlNIZING TIlE MACI I[NING PROPERTIES OF HIGII

T, BSCCO. R.J R s, L, E.T"oth, B+ A. Bender,
Secondly. a nearly perfect mixing is achieved in the R. J. Soulen Jr., Naval Research Laboratory, Washington D C.
solution making lower temperatures and shorter sintering
times possible.

BSCCO has excellent machinability characteristics and can be
Finally, the process is much cleaner since contamina- cut and shaped wid coiventtional ictlal working machines andtion from carbonate sources can be totally avoided, steel tools. Also, the michinability of BSCCO is comparable
This has great importance for obtaining high Jc values, and perhaps better than the widely used Nlacor, a glass -

ceramic produced by Corning. Inc. Because BSCCt) is this
M7.147 machinable it may have applications other thani iI

The Effects of Transition etal Substitutions for Copper in superconductimg devices. The best method to prepare BSCCO
the Bi-Sr-Ca-Cu-O Superconducting System. d.C. Bennett, for machinitg is to cast it and theni heat treat it. This results iII

F.W. Boswell, J.M. Corbett, S. Kohara. University of a dense material with a random network of platelets. It is this
Waterloo, Waterloo, Ontario; and F.S. Razavi. Brock random network of platelets that accounts for the
University. St. Catherines, Ontario, Catnada. machinability . BSCCO prepared by sintering also yields ;a

machinable material. but due to iLs lower density It is weaker
The effects of trnstion metal dopants on super- than BSCCO prepared by casting followed by a heat treautent.
conductivity in samples of nosinal composition Superconducting parts iiachiied at NRL and being tested at
2ondu t In samples oh N o iand Zomposiin v other labs include a SQUID shield with a 1.27 ett bore and a

B2 CaSr 2 (Cumx.)2 0 O. with M - Co. Fe. Ni and Zn have closed end, and a microwave cavity; tolerances are held to
been investigated for 0 s x a 1. Co and Fe additions were O.002 cm.
found to progressively suppress the Tc of the doped M7 150
material and result in semiconducting behaviour for THE E50
x a 0.2. Magnetic susceptibility measurements confirm the THE EFFECT OF THE DISTRIBUTION OF DOPANTS IN HIGH T BI
depression in Tc and also indicate the proportion of COMPOUND SUPERCONDUCTORS. Aexi .JNash, Marquett
superconducting material of 4.2 K decreases rapidly with University, Milwaukee, WI, Kenneth C. Goretta, Argonne
dopant concentration, probably due to inhomogeneity National Laboratory, Argonne, IL, Philip Nash, Illinois
effects. The measured Meissner effect for x s 0.05 is about Institute of Technology, Chicago, IL, Roger B. Poeppel and
35% suggesting these compounds are bulk superconductors. Donglu Shi, Argonne National Laboratory, Argonne, IL.For x a .10, the 4eissner fraction is much smller indic-
ating the material is less homogeneous, consiting o A series of 4336 Bi-Sr-Ca-Cu oxide samples doped with either
s cnduting matera seond i neons. Ionstenge 1 to 10% metallic silver or 1 to 10% SnO were preparedsemiconducting arid superconducting[ regions. In the ranges using a solid state reaction method. Thl distribution of
of dopant concentration 0 s x s 0.07 and near x - 1.0, nation m etho d the dist ix-ry pwdr dffactonreveals the doped samples rein~in cationic dopants, the microstructure and the crystal
x-ray powder diffraction rstructure of the samples was studied using energy dispersive
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spectometry, scanning electron and optical microscopy and x- M7.153
ray difractometry. SOL±i STATE FORMATION OF SUPERCONDUCTING PHASES IN

The dependence of microstructure and T on the type and the THE Tl-Ca-Ba-Cu-O SYSTEM T.W. Huang, M.P. Hung,
distributil of dopant and on firing s~hedules have been Dept. Mat. Eng., Cheng Kung Univ., Tainan, Taiwan;
determined. The grain morphology was found to depend upon T.S. Chin, Dept. of Mat. Sci. Eng., H.C. Ku. Dept.
the type of dopant, varying from plates to irregular chunks. of Phys., Tsing Hua Univ., Hsinchu, 30043, Taiwan;
Addition of silver leads to a marked increase in preferred P.C. Yao, S.E. Hsu, Mat. R & D Center, Chung Shan

orientation with (001) planes perpendicular to the pressing Inst.of Sci. & Tech. Lung-Tang, 32526, Taiwan, ROC
direction in sintered pellets. This was confirmed byscaningeletronmicoscpy.Solid state formation of superconducting phases in
scanning electron microscopy. the Tl-Ca-Ba-Cu-0 system was studied with a closed

The restivity-temperature data show an enhanced Te in Ag- oxygen flowing system both in synthesis and DTA/TG
doped samples under certain conditions. Energy dispersive analyses. The phase analyses were done with XRD.
spectometry indicates that the dopants mostly segregate to It was found that the high Tc 2223 and low Tc 2122the grain boundaries. I a on lttehg c22 n o c22

phases were formed at aroung 900 and 840 0 C, res-

H? pectively, at a heating rate of 10 0C/min. The ac-
tivation energy of the formation reaction was cal-

HIGH uRSlTIK IU POWDER DIFFRACTION GMT OF T culated with the Kissinger's peak shift method. It
TUBULAR PHASE BiagroZUsOa.. . X.T.Caldes, J.avarro, was 50 and 35 kcal/mole for the 2223 and 2122, re-
k. Puarten, I.Obradors, C. Ktravitllee, Iastltut de Ci~ncts spectively. Since the activation energy is low s
de Materials de Barcelona(C.S.I.C.). C/Iarti i Franqu6s compared to that of superconducting Y-Ba-Cu-0,
s/n, 08028 Barcelona, Spain; J.Rodriguez-Carvajal, short period of reaction time (within 30 minutes)
Institut Max von Laue-Paul Langevin, 156 X, 38042 Grenoble is needed to form the superconducting Tl-Ca-Ba-
CIDEX, France; X.Vallet, J.Gonz&lez-Calbet, Laboratorio de Cu-0 phases.
Magnetisno Aplicado(RNEFE-UCX), 28290 Las Matas, Madrid,
Spain. Different precursors were used to prepare the Tl-

Ca-Ba-Cu-0 superconducting phase. It was found
BiaSreCu&O,*.. is a non-superconducting oxide closely that Ca3 BaCu 3 7 is the best one.

related to the superconducting Bi.Sr2CuOs. The crystal

structures of both phases are based on the stacking of
multiple perovskite and BI-0 layers, but in Bi.Sr&CusO.. M7.154
the presence of extra perovskite layers arranged Phase Equilibria in the System Tl-Ca-Ba-Cu-0. Lawrence
perpendicularly to the CuOz planes breaks the two- P. Cook, Chwan K. Chiang, Winnie Wong-Ng, and Lawrence H.
dimensional character of the structure, comon to all high Bennett, National Institute of Standards and Technology.
Tc superconducting copper oxides. Recently we have Gaithersburg, MD 20899.
reported the crystal structure determination of this
compound by single crystal X-ray diffraction, and the Phase equilibria related to the stability of the high T.
study of the structural and physical properties by means phases in the system TI-Ca-Ba-Cu-O are being investigated
of electron microscopy, electrical resitivity and maegnetic by high temperature synthesis in an apparatus constructed
susceptibility' .2 . Here we present the investigation of primarily of MgO. The apparatus employs a buffering
the exact location of the oxygen atoms in the structure by technique in which PnT o is held constant by vaporization
means of neutron diffraction experiments, and the 2
comparison of these results with the superconducting equilibria in a separate reservoir and Po is held at 1
phases in the Bi-Sr-Ca-Cu-0 system. The high temperature 2
behavior of this material by time-resolved neutron powder atm. In principle, equilibrium can be bracketed with
diffraction measurements will be also presented. reversibility experiments in which the results of

thallium loss and thallium gain are compared. In sit
References: 1. A.Fuertes st al., Physics C 157(1989), 525. resistivity measurements are being used to monitor phase
2. K.T.Caldts et al.. Physics C, in the press. changes as thallium mass transport occurs. Phase

assemblages are being characterized by x-ray powder
M7. 152 diffraction, SEM/EDX analysis, and s.c. magnetic
PREPARATION OF HIGH-PURITY Tl2CanBa2Cun+lO6+2n ( susceptibility measurements.
n=1,2) POWDERS FROM STOICHIOMETRIC REACTANT MIX- M7.155
TURES. Nae-Lih Wu, NTU, Taiwan; Y. D. Yao, Aca-
demnia Sinica, Taiwan; and E. Ruckenstein, SUNY at TI-BASED HIGH TEMPERATURE SUPERCONDUCTORS: PREPARATIONS AND
Buffalo, U.S.A. PROPERTIES. M. Greenblatt, S. Li, L. McMills, M. H. Pan

and K. V. Ramanujachary, Chemistry Department. Rutgers
Novel solid state reaction methods have been de- University, New Brunswick, NJ 08893.
veloped for preparing high-purity TI2CaBa2Cu 2O8
(the 2122) and Tl2Ca2Ba2Cu3Olo (the 2223) powders Novel synthetic routes have been worked out for single
phas 222 owers wi t pro uctin temper- phase Tl-based 2201, 2212, 2223, Bi and Pb stabilized 1212
phase 2122 powders with superconducting tempera- compounds and their substitutional analogs both as bulk

tures aoves110 iK a d at 830 polycrystalline materials and thin film samples. Sharp
temperatures) above n:0 K are prepared at 830 C by resistive transitions, high zero resistance temperature andTI2CaBa2Cu2o8. On the other hand, single-phase high superconducting bulk fractions are observed. Results2223 powders with superconducting temperatures of substitutional studies to enhance the superconducting

above 115 K are produced via the intercalation of properties will be presented.
CaO and CuO into the existing 2122 grains at 870
C. Powder melting and TI loss via vaporization, M7.156
both of which are strongly associated with the
conventional methods, are greatly suppressed in HYPER- AND HYPOBARIC PROCESSING OF TI-Ba-Ca-
the new methods. For either the 2122 or 2223 corn- Cu-O SUPERCONDUCTORS. K Gtta, J. L. Routbort,
pound, powders thus prepared typically show a com- Donglu Shi, M. C. Hash, and Ira Bloom, Argonne National
plete Meissner effect of 20% of (-k w) at a field Laboratory, Argonne, IL.
of 20 G.
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Phase-pure TI-based superconductors have not been used as precursors to BYCuO, superconductors. Preparation
synthesized at atmospheric pressure. For example, and characterization of spin-coated and dip-coated superconducting
compositions rich in Ca and Cu have generally been used to films which art derived from such precursor solutions are
form the 120-K phase fl2Ba2Ca 2 Cu3Ox. In this work, described.
precursor powders of Ba2Cu305, Ca2Cu03, and "Ba2CuO3" M7. 159
were synthesized by solid-state reaction and then mixed with METAL-ORGANIC DECOMPOSITION AND
T120 3 and CuO in a cation stoichiometry of T:Ba:Ca:Cu equal MICROSTRUCTURE DEVELOPMENT IN BaYCuO,. FILMS
to 2:2:2:3. The powders were cold-pressed into pellets and FROM METAL TRIFLUOROACETATE PRECURSORS. Pad
sintered in oxygen atmospheres of 104 to 2 x 106 Pa at £..._klnlmd , Raymond C. Chiu, Michael J. Cima, Wendell E.
temperatures of 830 to 930*C. The resulting specimens were Rhine, Ceramics Processing Research Laboratory, Massachusetts

characterized by x-ray diffraction, scanning electron Institute of Technology, Cambridge, MA.

microscopy, and density measurement, and analyzed for the Decompostion of metal-organic precursors to BaYCuO,. films
superconducting properties of Meissner fraction, transition is difficult because of the high reaction temperature required to
temperature, and critical current density at 77 K. decompose BaCO, which forms as an intermediate compound

during conversion. The recently proposed use of metal
Work supported by the U. S. Department of Energy, Office of t-ifluoroacetate (TFA) solutions offers an alternative path to
Basic Energy Sciences -- Materials Science, and the Office of barum-containing superconducting films. The TFA salts
Energy Storage and Distribution, Conservation and Renewable decompose to the metal fluorides forming BaF., eliminating

BaCO, from the system. Ultimate conversion to BYC, however,Energy, under Contract W-31-109-Eng-38. is shown not only to depend on hydrolysis of the BaF2 at high
temperatures, but also hydrolysis of copper trifluoracetate at low

M7.157 temperatures to prevent the volatilization of Cu(TFA). These

VARIATION OF T, IN TI-RICH TI-Ca-Ba-Cu-O SINGLE CRYSTALS. procsses result in unique microstructural behavior which can be
E. L. Venturini, R. J. Baughman, B. Morosin, D. S. Ginley, J. F. Kwak, characterized by electon microscopy and Auger spectroscopy.
J. E. Schirber, and C. P. Tigges, Sandia National Laboratories, Effects due to substrate interactions have been eliminated by use
Albuquerque, NM 87185. of a chemically inert substrate material, BaZrO.

Meissner effect data are compared for single crystals with different
structure types and stoichiometry in the TI-Ca-Ba-Cu-O system of high- M7.160
temperature superconductors. There is a wide range of onset PREPARATION OF Y-Ba-Cu-0 FILMS BY A MODIFIED CHEM-
temperatures (T,) and a multiple step temperature dependence of the ICAL VAPOR DEPOSITION METHOD T.S. Chin, L.H. Perng
Meissner signal for TI-rich crystals with the same structure type such as C.H. Lin, Dept. Mat. Sci. Eng. Tsin Hun Univer.
Tl2CaBa2Cu2O, (TI-2122). Energy dispersive X-ray analysis (EDS) was H in, T. t.S. ng, Tain Hu . .
used to establish the stoichiometry of both surfaces for each crystal plate, Hsinchu, Taiwan; T.W. Huang, C.H. Hsu, M.P. Hung,
and X-ray precession photography determined the structure type. The Dept. Mat. Eng. Cheng Kung Univ., Z.N. Hung, Dept.
relative Ba and Cu concentrations are constant within experimental error Chem. Eng. Cheng Kung Univ., Tainan, Taiwan, ROC
in crystals with a common structure type, as is the sum of the Ti and Ca.
However, the TI/Ca ratio shows considerable variation: substitution of TI A modified chemical vapor deposition method was
on the Ca sites is suggested by a TI-rich EDS composition and is developed to prepare superconducting Y-Ba-Cu-0
demonstrated by detailed structure determinations for several specimens thin films. In this method, aqueous solution con-
using single crystal X-ray diffraction data. taining 0.03N nitrates of Y, Ba, Cu in a ratio of

1:2:3 (the 123 solution) or 1:3:2 (the 132 solu-
The replacement of Ca 2 with TI*s is assumed to alter the carrier tion) diluted with equal part of ethanol was ato-
concentration since the oxygen content of the as-grown crystals is similar. mized into droplet of few microns and then carri-
This site substitution is reflected in the Meissner data. For example, ed into a high temperature reaction chamber where
crystals with the TI-2122 structure type have been grown where 25-30%
of the Ca is replaced by TI. At least 80% of the volume in such crystals pyrolysis occured and deposition onto substrates
remains nonsuperconducting above 75 K, while the remainder has an was possible at suitable reaction temperatures.
onset of superconductivity near 95 K. In contrast, TI-2122 crystals with
much lower TI subsitution show single Meissner transitions with onsets YSZ single crystal and 96% alumina substrate were
between 105 and 110 K. Our current explanation is that there are used. The optimium reaction temperature is 350 0

gradients in the TI substitution on the Ca site in TI-rich crystals, leading for YSZ substrate, 320 - 370 °C for alumina subs-
to complex temperature dependence for the Meissner signal. Less trate. The 132 solution yielded better film stoi-
substitution of TI on Ca sites in bulk ceramics may explain the chiometry than the 123 solution. Heat treatment
appreciably higher Tc's compared to single crystals with the same was found to be necessary. An annealing at 900 °C
structure type. for 3 minutes was found enough to result in good

quality superconducting 123 phase. Measured Tc was
This work was performed at Sandia National Laboratories, supported by 70 OK onset, 50 OK for zero resistance from films
the U. S. Department of Energy, Office of Basic Energy Sciences, under grown on YSZ substrate. Detailed SEM microstruc-
Contract No. DE-AC04-76DP00789. ture, and the effect of processing parameters on

M7.158 film properties are discussed.

PREPARATION OF BAYCUO,, THIN FILM M7.161
SUPERCONDUCTORS USING SOLUBLE ARYLOXIDEPRECURSORS, Mary Rose ScozzafavL Michael J. Cima, Wendell EFFECT OF GLOW DISCHARGE CURRENT ON COMPOSITION OF Y-Ba-

Cu-O FILMS BY HIGH PRESSURE DC SPUTTERING PROCESS.
E. Rhine, Ceramics Processing Research Laboratory, Massachusetts R.J. Lin and P.T. Wu, Materials Research Laboratories,
Institute of Technology, Cambridge, Massachusetts Industrial Technology Research Institute, Chutung,

Use of metal alkoxide precursor solutions for the preparation of Hsinchu, Taiwan, R.O.C.

high T, superconducting materials is attractive because of the
potential low carbon content in the prefired films. However, the The -Ba-Cu-O films were grown on (O0)M0g substrates byinsolubility of copper alkoxides have made application of this high pressure DC planar diode sputtering process. The
insoluilithd fcoppe ave havemae aplictio of to r targets were Y-Ba-Cu-O compounds made by solid state
method difficult. We have improved the solubility of copper reaction. The sputtering gases were Ar-50%0 and total
alkoxide and arylozide complexes by using nirogen-containing pressure was 1.5 torr. For Y Ba Cu 0 target, the atomic
compounds as ligands. Solutions of copper, barium, and yttrium ratio Ba/Y in the films almosi rima~ng constant(Ba/Y 1.7),
aryloxides (with copper concentrations of 0.7 mol/L) have been and Cu content monotonically increases with increasing
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discharge current(0.4-0.8A). The Cu content in the film M7.164
approaches to that of target at low discharge current. THE FABRICATION OF YBa2Cu30 THIN FILMS BY PHYSICAL VAPOR
Additionally, the Cu content in the films monotonically DEPOSITION. Do Huai Chen, R. L. Sabatini, and H.
decreases with reducing the Cu content of target(Ba/Y = 2). Wiesmann, Materials Science Division, Brookhaven National
The possible reason for getting Cu-rich films wil be Laboratory, Upton. Yn 11973.
discussed.

M71 A series of thin films of YB..iu 307 were fabricated by the.162 technique of Physical Vapor Deposition (PVD). PVD is an

PREPARATION AND PROPERTIES OF HIGH Tc YBCO POLY-CRYSTAL THIN FILMS BY attractive deposition technique which has not been

IN-SITU METHOD. N.Harada, K.Setou, K.Yssoto, YOKOHAMA RID LABOLATORIES, described in the literature. A high vacuum stainless
steel chamber, with three individual thermal sources was

FURUKAWA ELECTRIC Co.Ltd.. 2-4-3. Okano, Nishi-ku. Yokohama, 220 Japan constructed. Tungsten metal boats were used for the
evaporation of yttrium and barium and an aluminum oxide
coated basket was used for the evaporation of copper. A

In order to fabricate the high Ic superconductor fims onto metal quarts crystal rate monitor and high current silicon con-
substrates, (a) in-situ process without post annealing is indispensable trolled rectifier (SCR) was associated with each source

for suppress the diffusion of setallic elements from substrates to allowing the depositions to be automatically controlled in
a negative feedback loop configuration. The barium and

film. (b) While the films on the metal substrate is likely to be copper sources exhibited long operating lifetimes. The

polycrystalline. high Jc poly-crystal film should be a first milestone lifetime of the yttrium source was limited by the oxygen
partial pressure in the evaporation chamber. During the

ir course of the development of flexible conductors and so on. depositions oxygen jas was admitted into the chamber at a

We prepared high Te YBCO film by o-evapolating method for in-situ pressure of -SxlO -  Torr and evaporation rates of a few
process. W single crystal was used for the substrates and it was angstroms per second were typical. Films have been suc-

cessfully deposited on both aluminum oxide and yttrium

kept at 650-750 'C in the ozone pressure of O'0-IO'-Torr during the stabilized zirconia substrates. Tc onsets of -80 K and

film growth. After the evaporation, the substrate heater was turned off -90 K have been achieved on these substrates respec-
tively. The morphology of these films has been character-

at about 2Torr ozone pressure In order to promote the oxidation of the ized by SEM photomicrographs and X-ray diffraction. Data

film. Tests were done comparatively by using other oxygenating gases, is also presented describing the quality of the supercon-

TEN and RHEE) studies showed that the film were poly-crystalline and ducting transition.

the direction of the a,b axes were not according to that of MgO This work was supported by the U.S. Department of Energy,

substrate. Conventional DC transport measurements showed that the Division of Materials Sciences, under Contract No. DE-
AC02-76CH00016.

zero-resistance Tc was 85K and the critical current density Jc was up to
7xl0'A/cs' at '17K. This suggests the possibility of fabricating the high M7.165

Jc poly-crystal film on metal substrate. Details on analyses of will be ORIENTED MICROSTRUCTURE OF YBa2Cu307x THICK

provided. FILMS. F. Wellhofer, T.C. Shields, I.SAbell K.N.R. Taylor,
School of Metallurgy and Materials, University of Birmingham,
U.K. and D. Holland , School of Physics, University of Warwick,

This study was conducted on the collaboration basis with Tokyo Electric U.K.
Power Co. Ltd. The fabrication of screen printed superconducting thick films of

YBCO on zirconia substrates is described. Processing close to the
M7. 163 peritectic transition has produced highly oriented microstruCurs

ELECTROPHORETIC DEPOSITION OF HIGH-TEMPERATURE induced by partial melting and subsequent nucleation and growth.
SUPERCONDUCTOR TI-CK LMS. J.B. Mooney, A. Sher, M.L. These films exhibit enhanced superconducting reti-swith
SUPERCONUCTORiggs, THIAK ao, A.RB. Mnney, A . Sher, Ms. critical current densities in excess of 500 Ac-' at 77 K. The
Riggs, K.A. Sabo, A. Roseng en, B. ngsley, an9 J.C. Terry, SRI influence of sinter temperature and time, oxygen partial pressure
International, 333 Ravenswood Ave., Menlo Park, CA 94025. and cooling rates on the prevailing microstructure has been studied.

The role of the interfacial reaction layer in determining the
Thick films of high-temperature superconductors have been in the past solidification behaviour is assessed.
prepared by spraying, spinning, settling, spreading, screen printing, and
electrophoresis. Most of these processes make use of prepreparcd M7.166
superconducting powders; consequently, advances in superconductivityare mmeiatly dapableto he rocss.THE SPUTT'ER DEPOSITION AND CHARACTERISATION OF
are immediately adaptable to the process. EPITAXIAL MAGNESIUM OXIDE THIN FILMS AND THEIR USE

AS A SAPPHIRE/YBCO BUFFER LAYER. G W Morris. R E
SRI has used electrophoretic deposition (as developed for liquid-toned Somekh, Z H Barber and J E Evetts, Interdisciplinary Research Centre
office copiers) to form films that are denser than those created by other in Superconductivity, West Site. Madingley Road. Cambridge, England
means; this is because our highly charged particles are driven onto the and Department of Materials Science and Metallurgy, New Museums Site.
substrates by high fields (< 5 x 105 V/cm). The substrates can be silver Pembroke Street, Cambridge. England.
or nonmetallic (e.g., ZrO2) with a thin silver layer to function as an
electrode. We are also able to deposit on thin dielectric films on con- Sapphire has dielectric prpeties that make it attractive as a substrat forsuperonducting electronic applications. lt is difficult, however, Io form
ductors, either by applying voltage to the conducting substrate or by high quality yttrium barium copper oxide (YBCO) on sapphie because of
charging the surface. The films can be patterned to micrometer dimen- reaction with the substrate and because epitaxy is not readily achieved.
sions and submicrometer tolerances through electrostatic latent images, We have deposited thin films of magnesium oxide, by UHV reactive d.c.
patterned elecrodes, or electron-beam exposre of the binder that func- magnetron sputtering. on M (i0T), R (10T2), C (0001). and A (1170)
tions as an electron resist The binder that provides smear protection -plane sapphire su es, initial resuts on the development of a suitable

o epitaxial ((110) on M-ple) buffer layer being reported at [1]. The
oce copying also aids in charge direction and lends green stregth to orietational relationships of sapphire and magnesia and the nature and
the deposit for convenient post-deposition processing. microstructure of their interfaces ame reported as a function of substrate

type and temperature, of deposition rate and conditions and of post
Experiments with YBa2Cu(7_1 ) films and magnetic orientation studies are depositon treatment The results of investigation of these films as a buffer
discussed. between sapphire substrates and subsequently deposited thin films of

YBCO are reported.
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["] Optimisation of thin film YBa Cu,O,. deposition by d.c. sputtering Four point resistance versus temperature curves were obtained to
onto sapphire substrates." E J T=ml et al IEEE Trans. Magn. 25 determine the superconducting transition temperature and transition
(1989) 2530 - 2533. width. Critical current measurements and I-V curves were also made in

addition to resistivity measurements to give better determination of
M7.167 sample quality.

YlBa2Cu37_x FILMS FROM NITRATE SOLUTION USING RF

PLASMA DEPOSITION. A. Shah, T. Haugan, S. Auger depth profiling was performd as a function of annealing cycle to
witanachchi, S. Patel and D. T. Shaw, Institute on determine the amount of blending of the ayers and quantify any

Superconductivity, State University of New York at substratediffusion. SinceLaGaO3isacloselaticematchto

Buffalo, Bonner Hall, Buffalo, NY 14260 YBa2CU3OT74 SEM and x-ray diffraction Studies were used to reveal
the crystallographic and epitaxial qualities.

A nitrate solution of Y, Ba and Cu was atomized

and introduced into an inductively coupled M7.170

argon-oxygen plasma operated at 3 to 7 kw at 13.56 PREPARATION OF YBaCu,0x SUPERCONDUCTING TH;N FILMS BY
MHz under atmospheric pressure. As-deposited MEANS OF SINGLE TARGET RF-SPUTTERING. H. weyten,
superconducting films were grown on (100) YSZ University of Antwerp (UIA), Dep. of Chemistry, 2i0

substrates heated to 650
0
C. Critical temperatures ilrijk. Antwerp, Belgium; R. De Batist, P. Nagels,

of 82K and critical current density of 4.5 x 103 University of Antwerp (RUCA), 2020 Antwerp, Belgium;
amp/cm2  at 40K have been achieved. X-ray J. Cornelis, SCK/CE. Mterials Development Dep., 21400

diffraction show the films to be oriented c-axis MDI, Belgium.
perpendicular to the substrate surface. The
effects of solution composition, aerosol High To superconducting thin films have been deposited on

concentration, rf power and substrate temperatures sapphire (single crystal A12o) by means of RF-sputtering

on the superconducting properties and from a single stolchiosetric target of YiBa2 Cu,0.t com-

microstructures will be discussed. position. The YBa2Cu,0 films were grown in an argon-
oxygen atmosphere on a substrate which reached a tempera-

M7.168 ture of ± 4000C during deposition.

IN SITU hRRPARATIUN OF Y-ba-u-O SURPLCODUCTING The study of stolchiometry and homogeneity of the as-

ThiN ILIAS IJY i)C-MAGNETIWkN Ui'UITRlING deposited films, by means of electromicroprobe analysis
(ElPA) was used to optimize the sputtering parameters of

L.F.Chen, L.Zhou, S.J.Pang, Y.H.Kuo, L.Li, the system.
ii.R.Y-hao, and Y.Z-.Zhang, ]Beijing Laboratory of

To achieve superconductivity, with an onset of ± 90 K, a
Vacuum Physics, Academia Sinica; General Research high temperature, post-deposition thermal treatment in
lnstitute of Non-ferrous metals, Beijing, China; oxygen is necessary. Resistivity measurements show that

the temperature at which zero resistivity is reached, is
Department of Physics,Peking University, Beijing, lowerd with resoect to the bulk samples (Tc(R-0)-89 K) as

China; Institute of k'ysics, Acudemia Sinica, a result of interaction with the substrate.

beijing, China. Following thermal treatment, the superconductive films
were further analysed by 3EM/EDX and 4PA in order to
determine stolchiometry, homogenelty and texture. The

Y-ba-Cu-0 thin films have been epitaxially grown results were used to optimize the conditions for thermal
by dc-magnetron sputtering. The epitaxial orien- treatment of the films.

tation were varied by controlling substrate * Work supported in part by the Belgian Government (IUAP-

temperature, oxygen partial pressure and The Programme Antwerp)

substrate orientation is not facing the cathode. M7.171

pcondition were a low dis- RAPID CHEMICAL VAPOR DEPOSITION OF YBa2 CU3O X COATINGS.
pimum preparation o o w- wJ.Lackey. W.B. Carter, D.N. Hill, E.K. Barefield, J.A. Hanigofsky,

charge(120v), a high oxygen partial pressure in M.J. Shapiro, T.S. Moss III, A.J. Green, and D.F. O'Brien, Georgia
Institute of Technology, Atlanta, GA 30332; and R.A. Jake and K.R.

an oxygen argon mixture(Ar/ 2=2:l) and substrate Efferson, American Magnetics, Inc., Oak Ridge, TN 37831.

temperatures at 785
0 C. The compositional and Chemical vapor deposition (CVD) is extensively used commercially for

structural properties were determined by A-fluo- preparation of numerous electronic, optical. tribological, and chemical-
ly protective coatings. Compared to other coating processes CVD is

rescence and X-ray diffraction. The films exhibit often faster, yields higher quality, more adherent films, and can be
zero resistance at 90k. The supercurrent at 78k used to coat multiple irregularly shaped substrates. About a dozen

investigators have reported on the CVD of superconducting YBa 2Cu 3Oe

has reached 8.9xlO
5
A/cm

2
. Some of these films have very high critical current densities (-10

A/cm
2
) even in strong magnetic fields. Typical reagents have been

M7.169 metal complexes of various 0-diketonate ligands. These are solids at
room temperature which slowly sublime when heated to -100-300"C;

MULTILAYER E-BEAM DEPOSITION AND ANNEALING OF the vapor is then swept into the CVD system by a carrier gas. With-

YBa2Cu3 07.8 THIN FILMS ON LaGaO3 SUBSTRATES. Richard out exception, however, the very low vapor pressure of the Y, Ba, and
Cu precursor reagents has restricted deposition rates to low values, e.g.,

DeVito, Brian G. Pazol, John H. Chaffin, itton/Itek Optical Systems, I om/h. Furthermore, the vapor pressures of the precursors are
Lexington, MA; Roger F. Belt and Robert Uhrin, Litton/Airtron, Morris strongly dependent on temperature and are subject to change as a
Plains, NJ. result of thermal-environmental induced degradation during sublima-

tion. Hence, process control and repeatability are unusually poor.4 Thin films of YBa2Cu3OT-4 have been deposited on samples of LaGaO3

substrates by multilayer E-beam evaporation. Alternating layers of Cu, A rapid, controllable process for CVD of superconducting YBa 2 CU3 0O

Y 2 0 3 , and BaF2 were deposited on polished (100) substrates. An has been developed. The new process relies on slowly feeding and
annealing study was performed to thoroughly blend the layers and pneumatically transporting powdered solid reagents directly into the
minimize substrate interdiffusion. Films were prepared by annealing in CVD furnace; a vaporizer is not used. Deposition rates two orders of

wet oxygen at tempeaures between 800 °C and 1000 *C. magnitude greater than those achievable by reagent sublimation have
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been obtained using a powder feed mixture of Y, Ba, and Cu TMHD M7.174
complexes (TMHD is tetramethylheptanedionate). Potentially, the
process is applicable to thermally unstable, less volatile lower cost COMPOSITIONAL CONTROL OF Y-BA-CU-O FILMS EMPLOYING A
reagents such as the acetates. SINGLE OXIDE TARGET. A.J. Drehman, J.A. Horrigan, M.W.

Dumais, B.L. MacDonald, R.J. Andrews, P.M. Tedrow* and
This work was supported by Dr. Kay R. Adams of DARPA and Dr. M.N. Alexander Solid State Sciences Directorate Rome
Wallace A. Smith of ONR under Contract Number N00014-88-C-0615. Air Development Center Hanscom AFB, MA 01731

M7.172 Superconducting films were fabricated by R-F diode
LOW TEMPERATURE GROWTH OF SUPERCONDUCTING YBa, Cu. 0, x sputtering from a single Y-Ba-Cu oxide target that was

both Ba and Cu rich. By controlling the sputter deposi-THIN FILAS BY NITALORGANIC CHEMICAL VAPOR DEPOSITION.
tion parameters we were able to control the film composi-Ieiichi Kanehori. Nobuyuki Sugii and Katsuki Miyauchi, tion as determined by EDX and X-ray diffraction. A

Central Research Laboratory. Hitachi. Ltd.. Tokyo. Japan. particularly useful parameter is the bias of the substrate
table. By applying a small negative bias, the film

Metalorganic chemical vapor deposition (NOCVD) is thought uniformity is improved and, more importantly, back-
to be one of the most desirable methods to grow oxide sputtering is reduced. By controlling bias, sputter gas
superconductor thin films because it has high composition pressure and oxygen content, target-substrate separation,
controllability, high reliability and high productivity, target voltage and substrate temperature, we find that a

b However, a concerted effort is required to decrease single oxide target can be used to produce stoichiometric

deposition temperature in order to apply MOCVD in YBa2Cu3Ox film under various processing conditions.Resulting microstructures, superconducting transitions
microelectronics processes. This paper reports influence and critical currents are presented.

of deposition temperature on crystallographic and
electrical properties of Y-Ba-Cu-O thin films. *MIT Francis Bitter National Magnet Laboratory. AFSC

University Resident Research Fellow at RADC
Thin films were grown by a low pressure NOCVD apparatus
in the temperature range from 550 'C to 800 'C . M7.175
R -diketonate complexes of Y, Ba and Cu were employed as

source mater ials. SPRAY PYROLYSIS TECHNIQUE FOR THE DEPOSITION OF
SUPER CONDUCTING FILMS. Marc Soller Larry P. Moy and

Thin films grown in the temperature range from 550 IC to Michael R. Squillante, Radiation Monitoring Devices, Inc.,
800 'C had the orthorhombic YBa . Cu, 0, x structure. Watertown, MA 02172, and James Marzik, U.S. Army Materials
However, thin film grown at 550 'C showed semiconductive Technology Laboratory, Watertown, MA 02172.
electrical properties. The superconducting transition was
observed for the films grown above 600 1C. The onset Research has been performed on the use of chemical spray pyrolysis

temperature for these films agreed with around 90 K. for depositing thin and thick films of superconducting YBCO. The

On the other hand. the zero resistivity temperature effects of reagent concentration, deposition rate, substrate

depended on deposition conditions. The zero -resistivity temperature and substrate type were investigated. Superconducting

temperatures for the films grown at 600 'C. 650 'C and films from 0.5 to 10 microns thick were deposited on single crystal

700 'C were 11 K. 71 K and 83 K, respectively, strontium titanate, polycrystalline alumina and Type 304 stainless
steel. The films have been characterized for their physical and
superconducting properties.

M7.173

PARTIAL REDUCTION - REOXIDATION PROCESSING OF M7.176

Y-Ba-Cu-O SPUTTERED THIN FILMS. F. H. Grzon, YBa-Cu,O. THIN FILMS PREPARED BY MULTILAYER
DEPOSITION.* Valentin Garcia-Vazquez and Charles

J. C. Beery. D. K. Wilde and 1. D. Raistrick. M. Falco, Department of Physics, Optical Science

Los Alasmos National Laboratory, NM. Center and Arizona Research Laboratories,
University of Arizona, Tucson, AZ 85721

Thin films of Y-Ba-Cu-O were produced by rf We have used a combination of BaF, evaporation and
sputtering of YBa2Cu307., ceramic targets, DC triode sputtering of Y and Cu' to produce high

temperature superconducting thin films. Post-

using a variety of plasma compositions, annealed films on single crystal SrTiO (100)
pressures, rf power levels, and substrate substrates exhibit a 92 K superconducting onset.tepr ures. r Poweranneaelsind subthest fRutherford backscattering spectroscopy was used to

temperatures. Poat-annealing of these films analyze the stoichiometry of films deposited on
in oxygen produced superconducting films with carbon substrates. X-ray diffraction on post-

Tc  values between 40-60 K, broad transition annealed films shows preferential orientation of
the c-axis. Annealing conditions to optimize the

widths and semiconductor-like electrical superconducting properties will be reported. we

behavior above Tc.  Subsequent annealing at are also studying the annealing conditions for
other substratas, such as sapphire, MgO and YSZ.

850"C in an inert gas with a residual oxygen
pressure of -10 ppm followed by an oxygen *Supported by the U. S. Department of Energy under

contract No. DE-FG02-87ER45297. One of us (V. G.-
anneal produced high quality thin films: Tc> V.) has benefited from a CONACyT-Mexico

85 X with narrow transition widths. The fellowship.

structure and morphology of these films during

this reduction-oxidation processing were
studied using X-ray diffraction and electron

microscopy.
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HIGILY ORIENTED Yga2Cu07., THIN FILES PREPARED BY HIGH T, SUPERCONDUCTOR FILMS GROWN BY THE
UNBALANCED DC MAGNETION SPUTTERING FROM SINGLE LPE TECHNIQUE. A.S. Yuc and C.S. Yang, Deparnment of
STOIC1lO1ET IC TARGET. N. Savvides, D.V. Hensley, Materials Science & Engineering, University of California, Los
C. Andrikidis, 1. Driver and J.C. Macfarlane, CSIR0 Angeles, CA 90024-1595.
Division of Applied Physics, Sydney 2070, Australia;
N.I. Tan and A.J. Bourdillon, University of New South High Tc YBa 2Cu3O7 and Bi-Ca-Sr-CuO Superconductor films
Vales, Sydney 2033, Australia. have been grown by the liquid-phase-epitaxial (LPE) technique.

The success in growing these films is based on detailed
Resputtering of material from the film surface during determinations of the peritectic portions of the pseudo-binary
deposition has been a persistent problem in conventional phase diagrams in the Y20 3-CuO-BaO and Bi 2 O3-CuO-(SrCa)O
dc and rf single-target sputtering systems. Energetic ternary systems. The LPE-grown films on sapphire and silicon
heavy particles (ions and neutrals), arising from the substrates were prepared by cooling the off-pitectic melts from
plasma or produced at the cathode, bombard the growing 1050"C to 950'C and from 890"C to 870"C at an average rate of
film causing preferential resputtering of Ba and Cu and 10"Cperhour.
consequently alter its composition. We have attacked thisproblem by altering the sputtering process of dc Representative X-ray diffraction patterns of the LPE-grown
magnetrons. YBa 2 Cu3 07 and Bi-Ca-Sr-CuO films on sapphire substrates

show the existence of two split (013) and (103) peaks at 20 =

Thin films of YBa2Cu 307.1- were reproducibly prepared with 32.6" and 32.8"C, respectvely. This indicates that these films
metal stoichiometry close to 1-2-3 by dc magnetron have orthorhombic crystal structures of the YBa2Cu307 and
sputtering from a single stoichiometric target. To BCSCO phases in agreement with those reported previously.
circumvent the resputtering effects, the magnetron used an Plots of resistance against temperature for LPE-grown films
unbalanced magnetic field configuration to direct the without post-annealing show that the resistances decrease
plasma away from the substrate. Energy dispersive linearly from room temperature to 90"K and I iO'K,
spectroscopy was used to determine the composition of respectively. Below these temperatures, they deviate from
as-deposited and post-annealed films. Highly oriented linearity with a downward curve to a zero-resistance value of
films with the c-axis perpendicular to the film plane were 78'K for the YBa2Cu307 film and 80"K for the BCSCO film.
obtained by depositing onto EgO(100), YSZ(100) and To substantiate these critical temperatures at R=0 data, we have
SrTilli(100) substrates followed by post- annealing at performed the Bc. susceptibility versus temperature experiments
850-950 0C in flowing oxygen. The best films have on the LPE-grown films. It was found that their transition
Tc=91- 93 K, sharp transition width ATe(90%-l0%)=0.5 K, and temperatures are also near 80'K in good agreement with the
metallic resistivity above the transition with resistivity resistvityversustemperaturedata.
ratio P300/Pioo'2-3. The critical current density J,,
measured on unpatterned films 2-5 mm wide and 12 mm long, M7.180
was 1.5x105 A cm-2 at 77 K and 1.5x10e A cm- 2 at 4.2 K. PREPARATION OF Y-Ba-Cu-O HIGH Tc SUPERCONDUCTING FILMS BY

PLASMA-ENHANCED ORGANOMETALLIC CHEMICAL VAPOR DEPOSITION.
M7.178 J. Zhao, L. M. Tonge, H. 0. Marcy, B. W. Wessels, T. J.

CRUCIBLE.ESS LIQUID PHASE GROUTH OF (OOL) YBaCuO Marks and C. R. Kannewurf, Materials Research Center and

FILMS ON POLYCRYSTALLINE SUBSTRATES. K.C. Chen, Science and Technology Center for Superconductivity,

L.H. Perng, T.S. Chin, C.P. Perng, C.M. Wu, T.B. Northwestern University, Evanston, IL 60208

Wu, ans C.H. Lin, Dept. of Materials Sci. & Eng.,National Tsing Hua Univ., Hsinchu, Taiwan. R.O.C. A plasma-enhanced organometllic chemical vapor deposi-
tion process for the preparation of YBa2Cu3O7 thin films

Oxide superconductor thin films can be fabricated using the volatile metal-organic precursors Y(dipivaloyl-

by liquid phase growth (LPG) using suitable flu- methsnate) 3 , Ba(dlpivaloylmethanate)2, and Cu(scetylace-

xes. However, the extremely reactivity of the melt tonate)2 has been developed. At deposition temperatures
with crucible limit the availability. In this stu- as low as 650*C, as-deposited films show formation of
dy, a crucibleless method of growing YBsCuO thin the crystalline 1-2-3 phase along with other impurity
films by LPG is successfully developed, phases, as indicated by the x-ray diffraction'patterns.

Auger electron spectroscopy indicates that the films

Pellets of suitable weight composed of raw consti- have a very low carbon content. Superconducting films
tuents were put onto an polycrystalline alumina with c axes oriented perpendicular to the yttria-stabil-
substrate. After liquifying at 1100 C for 10 min., ized zirconis (YSZ) substrate surface were obtained after
they were cooled down at different rates to around appropriate post-annealing.
960 - 930 °C (depending on Somposition), the subs-
trate holder was turned 90 over to let the melt 147.181
flow. Thin and thick films were thus obtainable. SUPERCONDUCTING YBa 2 Cu307 y THIN FILM ON METAL SUBSTRATE

All the thin and thick films showed very strong ( BY CHEMICAL VAPOR DEPOSITION PROCESS T. Yamaguchi. S.
OOL) orientation of the 123 superconducting phase Aoki, N. Sadakata and 0. Kohno, Tokyo Laboratory.
on rough 962 alumina substrates, dense polished 99 Fujlkura Ltd., Tokyo 135, Japan
Z alumina substrates, and MgO single crystals, if
suitable buffer layer(s) was applied. Tc,o of 60
oK was routinely obtainable from 961 alumina subs- Formation of Y-Ba-Cu-O thin film by chemical vapor
trate coated with Au then 2115 underlayers. Higher deposition (CVD) process has been Investigated.
Tc is available using MgO single crystal with thin Application of the hlgh-Tc superconducting materials for
Au underlayer. Detailed microstructure and proces- conductor requires uniform formation of the substance.
sing parameters relating to orientation growth su-

perconducting properties are discussed. The material has some intrinsic properties such as

anisotrople current flow and weak links at grain
Part of binary phase diagram of the YTh2Cu307 - boundaries which may result large reduction of the
BaCuO2 system was constructed, transport Jr, therefore It is necessary to eliminate

these defects. Thin film fabricating methods are

favorable because highly oriented and clean grain

boundaries could be obtained. Among these methods. CVD
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process Is advantageous because the deposition rate Is diffraction, TEM, and compositional analysis. The in-plane
larger than the other thin film processes. In this epitaxial relationships will be discussed in terms of both
study, superconducting YBa 2 Cu3 0._y thin films have been deposition parameters and the electrical transport properties,
prepared by CVD process using beta-diketonate chelates suchastheresistivityandthecriticalcurrentdensity.
of Y, Ba and Cu on both single-crystalline SrTi03

substrates and metal substrates. As-deposited file on * Supported in part by the Air Force Office of Scientific Research
SrTi0 3 showed poor superconducting properties with low under Contract F49620-89-C-0017.
Tc , though consequent annealing improved the zero-
resistive T. at 89K. The file on metal substrate with M7.184
SrTiO 3 buffer layer also showed good superconductivity VERSATILE LASER DEPOSITION CHAMBER FOR IN-SITU FABRICA-
of zero resistance at 85K. These films had (110) TION OF BUFFER LAYERS AND SUPERCONDUCTING THIN-FILMS.
orientation to the basal plane. The growth rate of the R.S. R R.P. Reade, and J.M. McMillan. Mail Stop 90-2024,
films was quite fast about 30 microns per hour or more. Lawrence Berkeley Laboratory, Berkeley, CA 94720, and B.L. Olsen,

Lawrence Livermore National Laboratory, L-350, Livermore, CA 94550.

Pulsed laser deposition Is a demonstrated technique for the fabrication of
M7.182 thin-film high temperature superconductors. The films are normally
SUPERCONDUCTING HIGH To THIN FILMS PREPARED BY deposited on single crystal substrates placed several centimeters from the
LASER DEPOSITION: COMPARISON OF LABR SOURCES. bulk target material. We have developed a deposition chamber with the
L., Lynds, B. R. Weinberger, G. G. Peterson and
D. M. Potrepka, United Technologies Research capabilityof rotating fourbulkmaterials separetely into the path of an excimer
Center, E. Hartford, CT 06108. laser beam. The target holder allows In-situ laser deposition of several

materials without exposing the chamber (and films) to the atmosphere
Pulsed laser ablation of targets to produce high between layers. Using this system, we have deposited buffer layers of
quality superconducting thin films is being several materials before depositing the superconducting films. In addition,
performed in many laboratories. Properties of
deposited superconducting materials depend protective cover layers have been deposited over the superconducting film
critically on the nature of laser radiation used without removing the filmfrom the clean chamber environment. As-deposited
in the ablation process and on the intervening superconducting thin-films have been deposited on laser-deposited metal
reaction conditions. We have observed layers. For example, YBCO films have been deposited on Ag buffer layers.
significant differences in the ablation process Thesilverfilmswere laser deposited on MgO immediatelybeforetheYBCO
between a free-running Nd:YAG laser (1064 nm)
and an excimer (248 nm) laser equipped with film. The deposition parameters for metal buffer layers have been optimized
unstable resonator optics. It was then possible and are significantly different than those employed for the superconducting
to compare effects of pulse dynamici within the material. A description of the system and results for several metal buffer
same range of fluence (1 - 100 J/cm ). Ablation layers and multilayered film compositions will be described.
occurs through threshold-dependent interactions
with the targets and produces a non-equilibrium
distribution of energy amongst ejected atoms and M7.185
molecules appearing, primarily, in translation TN-STIU LASER DEPOSMON OFYBa2Cu3078 AND HoBa2Cu307.8
energy (1 - 15 eV). The angular distribution of
product states suggests that the coupling of the HIGH-Tc SUPERCONDUCTING THIN FILMS ON Si (100) AND
optical radiation to the target may proceed KTaO 3 (100). A.K. Singh, C. Lee, J. Narayan, Department of Materials
through stimulated Brillouin scattering. Science and Engineering, Raleigh, N.C. 27695-7916; L.A. Boatner,
Effects of optical parameters on the nature of
thin film morphology/structure and Ceramics and Interface Section, Oak Ridge National Laboratory, Oak
superconductivity will be discussed. Ridge, TN 37831.

We have developed a biased laser deposition method for the in-situ
MT. 183 deposition of High-Tc superconducting YBa2 Cu30 7.6 and HoBa 2Cu3 0- 8I N-S IT U G ROW TH O F Y fa & .usO BY LASER A B LATIO N '. D . ti i m nS 1 0 n ~ 0 1 () s b tae . T ed p sto a

K. Forkl,2, K. Char3, J. B. Boycel, F. Bridges'.4, G. A. N. thin films on Si (100) and KTaO3 (100) substrates. The depositon was
Connelll, and T. H. Geballe2 . (1) Xerox Palo Alto Research aimed towards the growth of textured film on Si and epitaxial film on
Center, Palo Alto, CA 94304; (2) Dept. of Appl. Phys, Stanford KTaO 3 . The lattice parameter of the superconductor (a S 3.85A) and

Univ., Stanford, CA 94305; (3) Conductus, Inc., Sunnyvale, CA KTaO 3 (a=3.99A) are close to each other. A XeCl excimer laser

94086; (4) Physics Dept., Univ. of California, Santa Cruz, CA 0,=308nm) was used with pulse duration of -40 as. The energy density of
95064. the laser impacting the target was adjusted to be 2.5 j/cm2 . The deposition

YBa 2Cu.0 7 has been grown in-situ on A1s03 (1102) by laser was done in a precleaned chamber with an oxygen atmosphere at 200 mT.

ablation. The effects of oxygen pressure and substrate The target and sub-tate were parallel and 4.85 cm apart. For lower

temperature on the growth of YBa 2CuOwere studied. Substrate temperature (500-5500C) depositions, an electrically biased(+300 V)

temperature and laser energy density play important roles in metallic ring was used to accomplish deposition.The ring was placed at a

getting well-oriented YBa 2 CuO,7 thin films with the c-axis distance of 0.6 cm 5rom the target. The nature of epitaxial and textured

perpendicular to the substrate. Typical resistivity curves shows p growth was determined by X-ray diffractometry, transmission electron

-300 pD-cm at 300K and p-1 2 0 p0l-cm at 100K. The microscopy, and Rutherford Backscattering techniques. The films were

superconducting trsition width is Iss than 1K and Tc is a little textured with 'c' axis perpendicular to the plane of the film The transition

depressed to 87K. Compositional and structural differences for temperatre Tc was determined by resistivity vs temperature measurements
in-situ YBaCu20 7 thin films on other substrates such an MgO, using conventional four-probe method. The Tc values (R-0) for
YSZ, SrTiO3 and LaA1O5 will be also presented as well as studies superconducting films on KT&O3 was - 84 K and 77 K for films deposited
of grain boundary defects and interface defects using x-ray
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on Si. The Jc values of the films were determined by patteming the film by spectroscopy(RBS). The microstructures of the films including grain-
covering the substrate with a suitable mask. The details regarding the above substrate interfaces have been studied by

examination of cross-sctional and plan view samples using transmission
results will be discussed electron microscopy(TEM).

S M7.186 X7 189

LONG-LASER-PULSE METHOD OF PRODUCING Y-Ba-Cu-O UNIFORMITY CONSIDERATIONS OF 'IN-SITU" LASER-ABLATED
Y Ba Cu 0 FILMS OVER THREE INCH WAFERS. James A. Greer

University of California and Lawrence Berkeley Laboratory, Berkeley, CA. Jr J& O1 I Hook. Raytheon Research Division. Lexington. MA

This paper will discuss the uniformity of a variety of properties of "in-situ"Deposition of superconducting thin films from YBa2CueOe target using a laser-ablated Y Ba Cu3 0 thin films deposited on three inch wafers. A
long-pulse (ms) Nd-gass lrwith 50J/ptulseenergyhas been demonstrated. novel depositioA chmber 9A been developed which incorporates a
The deposition rate was approximately 100 nm/pulse. A film produced by programmable mirror which allows us to raster a focused excimer laser
fourpulses on a SrTiO3 substrate, held at 540 "C, and post-annealedat 850"C beam (248 nml over a radii of a rotating 3.5 inch stoichiometric target. The
for about two hours exhibited an onset transition at 78K and zero resistance substrate is also rotated and sits 12.7 cm above the target. Thickness
at 61KI The angular distribution up to 40" with respect to normal was diffuse uniformity of ± 5% over three inch wafers has been demonstrated. The
with and no significant variation in composition. Scanning electron composition uniformity is better than ± 1% as determined by EDX, and the
microscopy showed no cracks but revealed spherical inclusions on the order nominal metal ion composition is Y 1.2Ba2.0Cu3.0"
of microns in the film. Scanning tunneling microscopy in air showed a
terrace-ledge structure with about 12 A0 height on the uniform portion of the In order to grow films "in-situ" the system incorporafs an RF atynic
film. oxygen source capable of producing fluxes of over 10 atoms/cm at the

substrate surface given the source efficiency and chamber pumping speed.
Evaporated species and their velocity distributions of the laser-target Typical growth parameters are a laser pulse rate of 20 PPS yielding an
interaction were obtained by a quadrupole mass spectrometer utilizing average growth rate of 0.5 tm/hour. Growth temperatures are about
time-of-flight technique. The time dependence of the target temperature was 575*C yielding films with a high degree of e-axis orientation. The best
monitored by a fast optical pyrometer. Among the detectable molecules by films grown to date have been on 3 inch 11102) sapphire wafers. The
the mass spectrometer were Cu, Bao, Yo, BaCuO and YBaO2.Low-enegy uniformity in the room temperature resistivity of these films is 1.1 ± 0.1
laser pulse generated neutrals only. At high energies nuetrals and ions were mgcm. The films are weakly metallic in behavior and the temperature of
emitted from the target. zero resistance varies from 65 K at the outer edge of the wafer to 45 K in

the center. The effects of a variety of buffer layers such as MgO and ZrO 2on the HTS film properties will also be discussed.
M7.187

This work is the first demonstration that the laser-ablation process can be
IN-SITU DEPOSITION OF HIGH TEMPERATU RE scaled up to substrate sizes compatible with semiconducting process
SUPERCONDUCTORS ON LaAIO3 SUBSTRATES. technology. Thus, a number of HTS microwave devices such as strip line

resonators or filters could be fabricated from a single substrate.
P.Tiwari, A.K.Singh, C.B.Lee and J.Narayan, Department of Materials

Science and Engineering, North Carolina State University, Raleigh, N.C. M7.190
"IN-SITU PROCESSING OF TEXTURED AND EPITAXIAL

SUPERCONDUCTING Ho-Ba-Cu-O THIN FILMS ON (100) MgO and
YS-ZiO2 SUBSTRATES IN THE TEMPERATURE RANGE 500-6500 C.

Excellent quality YBa2Cu307.8 superconducting thin films have Y-r2SBTAE NTETMEAUERNE5060C
R.K. Prasad, A.K. Singh, and J. Narayan, Department of Materials

been fabricated in-situ on low dielectric constant Lanthanum Aluminate Science and Engineering, North Carolina State university, Raleigh, N.C.
substrate (cubic, a = 3.79 A, dielectric constant=16) using pulsed laser 27695-7916.

ablation ,f=308nm, t = 45 ns, energy > 2.5 J cm- 2 ). The films on LaA10 3

were fabricated at different oxygen partial pressure (100 - 200 mTorr) and
substrate temperatures (500-6500 C). The epitaxial nature and crystallinity of Thin films of HoBa2Cu 3 07.8 were deposited on (100) MgO and (100) YS-

the film were analyzed by X-ray diffraction, transmission electron ZrO2 substrates using laser ablation technique. High powered pulsed XeCI
microscopy, and Rutherford backscattering spectrometry. The transition excimer laser (X=0.308gim, 'T- 45 nanoseconds and average energy density

temperature, Tc, was determined by resistivity vs temperature - 2.5 J/cm 2 ) was used to ablate bulk superconducting targets onto an
measurements using conventional four-probe method and the films appropriate substrate placed parallel to the target at a distance of 4.85 cm.
exhibited excellent superconductivity with zero resistance at about 90K.The The films were deposited at 500-650 *C in an oxygen atmosphere of 0.2
films were patterned by covering the substrate with a suitable mask for Torr in the presence of a biased ring. The thickness of the superconducting
critical current density measurements. The details of microstructures and films were varied from 500-6000 A. The superconducting transition
chemical compositions will be correlated with superconducting properties, temperature Tc (R=0) was measured to be 84-86K for the various

M7. 188 substrates. The critical current density (Jc) k 106 J/cm 2 at 77K was

PULSED LASER DEPOSITION OF H]GH-Tc SUPERCONDUCTING measured in these films. X-ray diffraction pattern showed films on all three
THIN FILMS. M. Grant Norton, Lisa A. Tietz, C. Barry Carter substrates to be higl.ly textured. The nature of epitaxial growth was
Deparment of Materials Science and Engineering, Stephen E. Russek and studied using Transmission Electron Microscopy (TEM) and Rutherford
Robert A. Buhnman, School of Applied and Engineering Physics, Cornell
University, Ithaca, NY 14853. Backscattering Spectrometry (RBS) techniques. The results on

microstructures and superconducting properties of these films and bulk willSmooth, igh-T,. thin films of Y-Ba-Cu-O have been deposited by pulsed be discussed.

laser evaporation of stoichiometric bulk samples. The films were

deposited onto (001)-oriented MgO and (001)-oriented SrTiO in an
oxygen ambient using a pulsed XeF excimer laser. Superconducting
films could be deposited at substrate temperatures from 580-700C. The
films ,which wer between 200-300 rum thick, had critical temperatures
above 80K. In addition to describing the experimental techniques, film
characterisation is rponed.The surfsce morphology was examined using
scanning electron mscroscopy(SEM). Film composition was determined
using x-ray diffraction(XRD) and Rutherford backscattering
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M7.191 M7 .193

sOFT X-RAY STUDIES OF Y-Ba-Cu-O THIN FILMS CHARACTERIZATION OF GROUND STATE NEUTRAL AND ION
PREPARED BY LASER ABLATION. A.r, G. Smith*, TRANSPORT DURING LASER ABLATION OF 1:2:3
C.J. Sher, D.R. Storch, L.W. Song, Y.H. Kao, S. SUPERCONDUCTORS BY TRANSIENT OPTICAL
Witanachchi,Y.Z. Zhu, S. Patel, and D.T. Shaw, ABSORPTION SPECTROSCOPY.* Q, flgan and D. N.
State University of New York at Buffalo and Mashburn, Solid State Division, Oak Ridge National Laboratory,
Stony Brook, NY; and *Brookhaven National Oak Ridge TN 37831-6056.
Laboratory, Upton, NY.

Soft x-ray fluorescence, total electron yield, The transport of ground state Y, Ba, and Cu neutrals and Y+, and
and scattering were measured for the development Ba+ ions following excimer laser ablation of YIBa 2 Cu3O7-x oxide
of techniques specifically useful for atomic- superconductor pellets has been studied using optical
scale characterization of oxide thin films. By absorption spectroscopy. Spatially resolved absorption
using a new parallel plate avalanche counter to measurements following the laser pulse (1mm, 20 ns resolution)
measure the fluorescence yield around the oxygen indicate significant ground state number densities at times up to
K edge, and by a comparison of results obtained an order of magnitude longer than the fluorescence from excited
with these different techniques, it is states in the laser plume. The time-of-flight absorbance profiles
possible to probe directly the oxygen deficiency result in velocity distributions which are broadened significantly
near the film surface. By taking x-ray data toward lower velocities with a low velocity component (<105 cm
at different photon energies and as a function
of grazing incidence angle, useful information s-1) to the ablation process which is not observed using emission
on the superconducting film can be obtained, spectroscopy. Spectrally broadened emission and absorption
including oxygen depth profile, film thickness, lines are used to estimate electron, ion and neutral densities in
surface roughness, optical constants, etc. different regions of the plume. A correlation of the absorption

data with ion probe measurements will be presented. The
Thin films of Y-Ba-Cu-O were made on MgO and ZrO2  observation of collisions, detection of YO, BaO, and CuO, and
substrates by laser ablation. The film structure the effects of oxygen background pressure as measured by the
is characterized by diffraction, electron absorption technique will also be discussed. The application of
microscopy, and EDAX. Superconducting properties this technique as an in situ monitor of the kinetic energy of
are investigated by electrical and magnetic species during low temperature deposition of epitaxial 1:2:3
measurements. Soft x-ray experiments were
carried out at the U-15 Beamline at the National superconducting thin films will be described.
Synchrotron Light Source. Possible correlations
between x-ray results and superconducting *Research sponsored by the Division of Materials Sciences, U.S.
properties will be discussed. Department of Energy under contract DE-AC05-84OR21400 with

Martin Marietta Energy Systems, Inc.
This research is supported by DOE and AFOSR.

M7.194

M7.192 IASFR INTFRFEROM-TRIC MI-ASI RIMENI OF SUItS'RATE TEM-

IN SITU GROWTH OF EPITAXIAL SUPERCONDUCTING PIFRATUR" DURING (;ROWTHI OF TIGhI" SUJi'FRCONI)UCTOR
YBa2Cu3O7-x FILMS ON INSULATING, SEMICONDUCTING AND FILMS K. L. Saenger, J. Gupta, J. P. Doyle, R. A. Roy, and JJ. Cuomo, IBM
FERROELECTRIC KTaO 3 BY PULSED LASER ABLATION.* JW. Research Division, T. J. Watson Research Center, P.O. Box 21R, Yorktown
McCamy, David P. Norton, Douglas H. Lowndes, L. A. Boatner, R. Heights NY 10598.
Feenstra, and J. D. Budai, Solid State Division, Oak Ridge Substrate temperature during film growth is an important processing parameter forNational Laboratory. Oak Ridge, TN 37831-6056. urtteprtrdungfmgrwhsanioratrosigprmtrfo

vapor deposited films of the high T, superconductors. Required substrate temper-

KTaO 3 is an interesting substrate for potential applications of atures reported for "superconducting-as-deposited" films are in the range of 400 -
epitaxial thin film 123-materials because of relatively small 700'C, with the lower temperatures corresponding to increasing oxygen availabil-
mismatches of lattice parameters and thermal expansion ity. In this presentation we describe a novel, non-contact optical thermometry

coefficients and low chemical reactivity at elevated temperatures. technique in which the temperature of a transparent substrate is determined from
its laser interferometrically measured thermal expansion. The technique is easy toMore importantly, large single crystals of KTaO 3 are easily grown implement and extremely accurate. Temperatures measured with this technique

with optical quality, and can be doped to form an n-type are reported for MgO (100) and YSZ substrates and compared to those measured
semiconductor and/or a ferroelectric with variable ferroelectric Tc. conventionally by optical pyrometry or thermocouples in close proximity to the
Thus, optoelectronic devices that utilize a superconducting sample. The effect of the deposited film on the actual and apparent substrate
epitaxial film on top of a ferroelectric and/or semiconducting temperature will also be discussed.
substrate seem possible. As an initial step in exploring such
applications, we have carried out what are believed to be the first 17. 195
epitaxial growth experiments of Y-123 films on both insulating and HIGHLY ORIENTED SUPERCONDUCTING Bi-Sr-Ca-Cu OXIDE
doped (semiconducting) KTaO3-family single crystals by pulsed THIN FILMS BY THE SOLUTION SOL-GEL PROCESS.
laser ablation. Preliminary results show that primarily c-axis- P. Ravindranathan , S. Komameni , A.S. Bhalla , and R. Roy, Materials
normal epitaxial films can be grown with Tc(R-0) -90 K and Research Laboratnry,The Pennsylvania State University, University Park
ATc(10%-90%) -1 K, and that these films are comparable to the PA 16802.
best films grown on SrTiO 3 in terms of smoothness and surface
morphology. Results of microstructural (SEM, RBS, x-ray) and Reproducible synthesis of homogeneous superconducting Bi-Sr-Ca-Cu
superconducting transport property (Tc, Jc) measurements for oxide films is essential to the development of high Tc superconductive
several film-substrate combinations will be presented. devices. Highly oriented Bi2Sr 2 CaCu2 Og+x films were prepared on Mg0

and SrTIO 3 substrates by the solution sol-gel (SSG) method. A multiple
'Research sponsored by the Division of Materials Sciences, U.S. sol of the superconductor was prepared using bismuth nitrate, copper
Department of Energy under contract DE-AC05-84OR21400 with acetate , strontium and calcium metals. The sol was coated on the subs ates
Martin Marietta Energy Systems, Inc. by spin casting and calcined at different temperatures. Films calcined at

870 C for 10 minutes showed the formation of the superconducting phase
with preferential orientation along C-axis .These films were characterized
by X-ray powder diffraction, scanning electron microscopy and resistance
measuremetts. The resistance measurement showed the onset temperature
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was 90 K for a film coated on MgO substrate. The details of the M7.198
superconducting film preparation by SSG processing will be discmssed. EVALUATING THE CHEMICAL COMPATIBILITY OF POTEN-

TIAL SUBSTRATE MATERIALS FOR Bi-Sr-Ca-Cu-O FILMS.*

X7.196 JjjWlla, M.M.Matthiesen, D.A. Rudman, Department of Mate-

THE USE OF BsF2 BUFFER LAYERS FOR THE SPUTTER-DEPOSITION rials Science and Engineering, MIT, Cambridge, MA 02139.

OF TICaBaCuO THIN-FILM SUPERCONDUCTORS. K.M. Hubbarda,

P.N. Arendt a , E.J. Petersonb , G.A. Reeves&, N.E. Elliott a , D.W. Most of the recently discovered high T. oxide superconductors react

Cookec. D.R. Brownd , and M. Nastasi a , Los Alamos National with technologically important substrate materials used in thin film

Laboratory, Los Alamos, NM. applications. In particular, the BiSr2 CaCu2Os (BSCCO) supercon-

Results have shown that TI-based superconducting films with ductor ia chemically incompatible with A120 3 , Si and SiO 2. In order for

a thickness of less than one micron often have poor electrical BSCCO to be commercially useful, compatible substrates must be iden-

properties because of film-substrate interdiffusion during the tified. Because thin films studies are not suited for quickly surveying

annealing process. In an effort to improve the properties of a large number of materials, this investigation uses powder processing

thin films, we have experimented with the use of BaP 2 buffer methods. Candidate substrates that were investigated include metals
layers as a diffusion barrier. Thin films of TICaBaCuO have
been grown by dc magnetron sputtering onto YSZ, MgO, and such as Ag and Ta and insulators Such as Y2 0 3 and ZrO 2. Pressed

Ag substrates, both with and without a spin-deposited BaF2 pellets containing 50 vol. % of the substrate material and 50 vol. %

buffer layer. Films were also deposited on SrTiO3 for use as a of BSCCO powders were sintered at 850 ° C in air for up to four days.

reference. The composition of the films, and the degree of Chemical compatibility was then evaluated using SQUID magnetome-

interdiffusion, were determined by high-energy elastic ter, x-ray diffraction, and SEM characterization techniques. The valid.

backscatteri ng analysis. Electrical properties were ity of this technique was verified by conducting experiments with A12 03,

determined by both four-point probe and eddy-current which is known to be incompatible with BSCCO, and MgO, which is
measurements. In addition, structural analysis was performed

on selected samples by XRD and TEM. The results indicate that known to be compatible. Other investigations using this method have

the use of BaF 2 buffer layers can significantly improve the shown that Ag is chemically compatible with BSCCO, while Ta is not.

electrical properties of TICaBaCuO thin-film superconductors. The results of investigations of Y2 0 3 and ZrO2 , silicide compounds

(which are compatible with Si), and gallate compounds (which exhibit
a:Materials Science and Technology Division low microwave losses) wili also be reported.

b:Exploratory Research and Development Center

c:Meson-Physics Facility
d:Mechanical and Electrical Engineering Division *Research supported by the U.S. Army Strategic Defense Command

through Babcock and Wilcox.
M7..199

AS-GROWN SUPERCONDUCTIVITY OF Bi-SYSTEM THIN FILMS IN-SITU GROWTH OF SUPERCONDUCTING Bi-Sr-Ca-Cu-

PREPARED BY MAGNETRON SPUTTERING WITH Pb DOPED THIN FILMS BY ACTIVATED REACTIVE CO-EVAPORATION.

THREE TARGETS: (Bi 1 6 Pb0 4)ta.(SrCa)2 Cu3 Ox, K. Yoshikawa. T. Satoh. N. Sasaki and M. Nakano
(Bit 6 Pbo 4 )*(SrC),' Cu and^ Fujitsu Ltd.. 1015 Kamikodanaka Nakahara-kui.

(Bi 6 Pb 4 SrCa)2 u3 --t- (a-0.5, b-I, c-1.5) Kawasaki. 211. JAPAN
Ken ichi Yuroda, Masami 1z oku--uy ojiua,-
and Koichi Hamanaka, Cent. Res. Lab., Mitsubishi In-situ growth of superconducting Bi-Sr-Ca-Cu-O

Electric Corp., Tsukaguchi, Amagasaki, Hyogo, thin films have been successfully realized with

JAPAN good reproducibility. The obtained films had a

It was demonstrated that hTc(onset) 
of 90K and a Tc(zero) of 45K.

It ws dmontraed hathigh quality oxide

superconduS ing thin films of both BiSrCaCuO
1 '2 )  The films were fabricated using activated co-

and YBaCuO" were grown by the multi-target evaporation technique. The film thickness was

sputtering method with calcined targets. from 700 to 1000 A. The machine has two

electron-beam guns, two resistively heated

In this paper, we report on the as-grown Bi-system boats and rf power supply. BiOs3 and SrF, were

thin films prepared with Pb doped three targets. evaporated from EB guns, Cu and Ca metal were

These three targets were simultaneously discharged evaporated from resistively heated boats.

and the heated MgO(lO0) substrate was rotated Oxygen gas was directly introduced onto
above these targets. The staying time on each substrate. A plasma was generated between the

target was adjusted to precisely controle the evaporation sources and the substrate by rf

chemical composition of the film. The thickness power supply to enhance oxidation. The F was

of the film was 100 nm. For the optimized sample, not detected in the film from EDX analysis.

the surface of the film was as smooth as the SrF, was dissociated by the rf plasma. The

surface of Ref.l. The c axis of the film was substrate temperature during deposition was

3.74nm and highly oriented normal to the 680 IC. and growth rate was 0. 2 A /s. Re-

substrate. The zero resistivity was obtained at evaporation of Bi from growing film was

72 K in a as-grown state. From the ICP analysys, suppressed by using BiaO3 as a source.

none of Pb was detected in the film grown at
6500 C. The fi Im on (lO0)MgO substrate showed the

REFER ENCES 
orientation with the c-axis perpendicular to the

R)F RoNES u afilm surface. This indicates that the film was

1) .KoJima, K.urod, M.Tantoku and K.Haenstk, epitaxially grown. The surface of the film was

Jpn.J-kpp1.Phys.28(1989)L643. 2)gK.guroda, et al., much smoother than that of the films fabricated

to be published in Jpn.J.Appl.Phys. 3) K.Kuroda, with post-annealing.
et al., to be published in Jpn.J.Appl.Phys.
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M7.200 The pulsed laser deposition method was used to

HIGH-T SUPERCONDUCTING Bi-(Pb-)Sr-Ca-Cu-O FILMS prepare Bi based thin films with high temperature
DEPOSITED BY PULSED Nd:YAG LASER ABLATION. processing. The composition of the targets (2212,

J. Levoska, J. Hagberg, P. Pusa, A. Uusimaki and S. 2223 and Pb doped 2223) can be reproduced in the
LeppAvuori. Microelectronics and Material Physics films up to temperature after which the compound
Laboratories. University of Oulu. SF-90570 Oc), Finland begins to decompose. It was found that the

deposition temperature is very critical for the

High Tc superconducting Bi-(Pb-)Sr-Ca-Cu-O thin films formation of Bi based superconducting thin films.
were made on MgO using laser ablation deposition. A The 2212 phase is easily formed unlike the 2223
pulsed beam from the Nd:YAG laser at 1064 or 532 rim phase. The onset of the superconductivity in 2223
was scanned over a sintered. high Tc superconducting phase is about 110 K while the transition width is

target. The target materials. BiSrCaCu 2Oy and very wide. We will present the superconducting

compositions near Bi2.xPbSr2 Ca 2 Cu3+dO (xr0.6. d<0.6) properties obtained from the thin films prepared
made by the mixed oxide route, had hero resistivity under different oxygen pressure and temperature.tmpderaytremixe of8 d8 Koute, ad 101 res10The detailed characterization (X-ray, RBS and SEX)tem peratures of 80 - 82 K and 101 - 105 K. r s l s o h i m i l b l o p e e t d

respectively. Films were deposited on MgO (100) single results of the films will be also presented.
crystal substrates at room temperature. The amorphous
films were crystallized by annealing at 850-920 OC M7.203
followed by slow cooling. -me effects of laser parameters THERMAL EXPANSION OF YBa Cu 0 G.A.Ramadass,
and annealing conditions were investigated. The films V.Ramachandran and R.Siin~vsan DepartrePni of

were studied by XRD. SEM. EPMA and resistivity Physics, I.I.T., MADRAS 600 036, India.
measurements. The variation of linear thermal expansion

The chemical composition of the as-deposited films were coefficient od , of the single phase high
found to correspond with those of the target materials, temperature superconductor YBa Cu3 07  with

The best films containing no Pb were obtained by temperature has been studied using ihe 3izeau's
allowing the film to melt followed by a long annealing optical inteference method in the temperature

below the solidus temperature. These films consisted range 85 to 300 K. Effect of oxygen deficiency

mainly of the 2212 phase and had Tc (midpoint) at 81 K on thermal expansion has also been studied by

and zero resistivity at 77 K, The best Pb doped films quenching the superconducting materials from

were annealed near 850 oC and they consisted mainly of high temperatures (6000 C) and repeating the

the 2223 phase. These films had T (midpoint) at 107 K expefients. The linoar thermal expansion
and zero resistivity at 100 K. The superconducting coefficient was found to decrease with decrease
phases in the annealed films were strongly oriented with in temperature. But there seems to be an
their c-axes perpendicular to the substrate surfacew anamoly in this behaviour at about 220 K which

is reproducible. When the samples were rendered
non-super conducting by quenching from high

M7.201 temperature this anomaly was found to be more

IN SITU REACTIVE SPUTTER DEPOSITION OF pronounced. It is interesting to note that some
SUPERCONDUCTING Bi-Sr-Ca-Cu-O THIN FILMS ON SILICON anamolies were reported in the literature in the

SUBSTRATES. M. Mio1iuolo. D.W. Greve, T.E. Schlesinger, measurments of specific heat, lattice
Carnegie Mellon University, Pittsburgh PA 15213, J.A. parameters, attenuation of sound and sound
Brewer, R.M. Belan, Kurt J. Lesker Company, 1515 velocity at about 220 K on YBa 2 Cu30 7 .
Worthington Ave, Clairton PA 15025

Thin films of the Bi-Sr-Ca-Cu-O (BSCCO) superconductor 147.204

have been fabricated on silicon substrates by in situ THIN-FILM DEPOSITION AND TRANSPORT IN 2223 Bi-Sr-Ca-

reactive magnetron sputtering. Superconducting films of Cu-O. L._ Kcea, D.G. Steel, J.M. Graybeal, T.P. Orlando, and
thickness less than 1 jm were obtained by simultaneous
sputtering from Bi, Sr/Ca, Sr/Cu and Ca/Cu targets. D.A. Rudman; MIT, Cambridge, MA.
These targets are mounted in a cluster of four TorusN
sources in a Kurt J. Lesker Supersytem Ill. The effects
on composition of partial oxygen pressure, substrate We have reproducibly prepared thin films of Bi-Sr-Ca-Cu-O with Tc

temperature, and relative target power levels have been 105K. Depositions were done at ambient temperature with a
studied in detail in order to allow for the selective
deposition of the two higher temperature phases of the subsequent post-deposition anneal, and did not include lead

BSCCO. Film composition was determined by energy substitution. X-ray diffration data indicates a majority fraction of
dispersive x-ray fluorescence spectroscopy and film
texture and morphology were investigated by x-ray, TEM, the 2223 phase. These films possess very large grains of the
and SEM techniques. Superconductor-substrate order of 20-30 p±m in size. Post-deposition annealing conditions
interactions occuring at higher substrate temperatures
were minimized by tM~e use of magnesium oxide and yttria are a sensitive function of composition. Detailed transport
stabilized zirconium oxide buffer layers. The buffer measurements as a function of temperature and magnetic field
layers were deposited in the same deposition system
from a Torus® source, and crystallized in situ. have been obtaired.

M7.202 M7.205

IN-SITU AND POST ANNEALED SUPERCONDUCTING THIN CRITICAL CURRENT DENSITY MEASUREMENTS OF LASER
FILMS OF BiSrCaCuO BY PULSED LASER DEPOSITION. L DEPOSITED SUPERCONDUCTING THIN FILMS. C.B. Le, AK.
Diflmnico, and X. D. Wu, Physics Department,

Rutgers University, Piscataway, NJ 08854, T. Singh, R. K. Singh. and J. Narayan. Departient of Materials Science and
Venkatesan, Bellcore, Red Bank, NJ 07701 Enginteing, North Carolina State university. Raleigh, N.C. 27695-7916.

Three different superconducting phases have been
found in the Bi based oxide system. The Transpot critical current density (Jct) measurement were performed on

intergrowth of high and low T phases makes the
prepararation of a pure high ;P phase difficult. epitaxial and texnued RBa 2Cu3O7 (R = Y. and Ho) superconducting thin
So far, there are no reports about in-situ growth films deosied by pulsed laser evaporation technique (X308nim r-45ns).
of good high Tc (110 K) films.
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Epitaxial films by lattice matching (SrTiO 3. LaAlO3 , KTaO3). and planar Grains grow to the thickness of the film through
matching (YSZ), and textured thin films on lattice mismatched substrates repeated cycles of partial melting andrecrystallization.

(MgO, Si) were fabricated by this technique at low processing temperatures
ranging between 500-650 C. Various models used to explain the critical M7 .208

TWO NON-CONTACT TECHNIQUES FOR CHARACTERIZATION OFcurrentdensitydam asafunctionoftemperare willbeprsetedLTheolt THIN FILMS OF YBCO. C.A. Weiss, W.L. McLean and
of flux creep and SNS behavior in controlling the critical current densities X.D. Wu, Physics Department, Rutgers University,Piscataway, NJ 08854; J. Barner and T.Venkatesan,
was investigated. The effect of Ag-doping in YBa 2Cu3O7 on the critical Bellcore, Red Bank, NJ 07701.
crenm will also be presented as intergrain or inagrain phenomena.

Present research efforts in high Tc
superconducting thin films have necessitated thePart of this research has been sponsored by the Office of Energy Systems need for non-contact techniques for film

Research, the Division of Energy Conversion and Utilization Technologies characterization. Two complementary techniques
ideal for this purpose are the magnetically(ECUT) programs, under subconnact number 19X-4337 C, and the U.S. modulated microwave absorbtion (MAMMA) technique

Deparment ofEnergy Martin Marietta Energy Systems, Inc. utilizing an ESR spectrometer and an AC
magnetization technique.

M47. 206 We are using both these techniques to examine the
THE DETERMINATION OF OXYGEN STOICHIOMETRY properties of multilayer thin films of YBCO and Pr

alloyed YBCO. The MAMA technique is less subjectOF HIGH TEMPERATURE SUPERCONDUCTING THIN to shielding effects and is better suited for the
study of multilayers as opposed to ACFILMS BY NUCLEAR SCATTERING OF 3 MEV PROTONS susceptibility measurements. Measurements on thin
films made by both techniques would be compared to

ON OXYGEN. t n..and T.Yan, Depatment of Physics, illustrate their advantages and shortcomings.
Brooklyn College of The City University of New York, M7.209

Brooklyn, NY 11210. STRUCTURAL AND SUPERCONDUCTING PROPERTIES OF
yBJO THIN FILMS ON Zr(Y)0 2 SUBSTRATES. O.
Li,, G. Linker, J. Geerk, 0. Meyer, and X. X.
Xi , Kernforschungszentrum Karlsruhe,A simple method is presented to measure the oxygen Institute fuer Nukleare Festkoeperphysik, P.
o. Box 3640, D-7500 Karlsruhe, FRG; Physics

stoichiometry of high temperatu superconducting thin films. Department, Rutgers University, Piscataway,

It is an undestructive and absolute method, and as simple as NJ08854

tranditional RBS techniques. By using the nuclear scattering of 3 The growth feature of YBCO thin films on
(100) and randomly cut single crystal Zr(Y)02MeV protons on oxygen, the relative sensitivity to oxygen has substrate produced by hollow cathode
magnetron sputtering was studied by He ion

been enhanced. By taking the oxide substrates as references, the channeling and X-ray diffraction measurement.
In both cases films with T_ 0 about 90 K and

uncertainty due to charge integration has been avoided and the c-axis perpendicular to he surface were
obtained. However, the films on randomly cutaccuracy has thus been improved. The accuracy of this method substrates showed no channeling effectswhereas those on (100) substrates revealed

simply depens on the accuracies in the data on atomic stopping good channeling behaviors with a Xi. value

power, the chemical composition of the substrates and the of 10% and a standard deviation of
crystallite misorientation of 0.10. Detailed

background substraction. studies of inclined channeling effects
indicated that the crystal planes of YBCO

47. 207 films were azimuthally adjusted with aR7.20O Orotation of 450 about the substrate normal inRECRYSTALLIZATION OF NON VACUUM DERIVED order to reduce the lattice mismatch between
BAYCU3OT.E FILMS. M.. NaJi, S. C. Peterson, yBCQ and (100) Zr(Y)0 2  substrate. The
m. J. Cima, Ceramics Processing Research cOtal ci00n dr(Y)Oy subsr t heLabratry Masahustt Intiuteofcritical current denaity 6pf films on the
Laboratory, Massachusetts Institute of (100) substrates was 2x10 A/cm at 77 KTechnology, Cambridge, MA. which was one order of magnitude higher than
Recrystallization occurring during high that for films on randomly cut substrates.
temperature treatment of superconducting films
is associated with texture development. X-ray M7.210
diffraction and microscopic examination have ANNEALING BEHAVIOR OF Ba2YCu3 +1O7 +y, THIN FILMS
been used to detail the microstructural T Sipgriqt and E. Coleman, AT&T Bell Labs, Murray Hill, NJ
development within Ba YCu3O. films for several 07974.
processing conditions. Conitions that favor
grain growth includes partial melting followf..d The annealing behavior of BatYCus+, films grown by coeva-
by recrystallization at lower temperatures. In poration of BaF 2 , Y and Cu on SrTiO3 has been studied as a tune-
these films, partial melting is induced by rapid tion of temperature. Upon annealing at temperatures below
thermal annealing at a temperature slightly 800' C, the phase forming first is Ba 2 YCu4 Og, independent of the
above the peritectic melting temperature of starting stoichlometry. Higher temperatures, above approximately
Ba2yCu3O,.. Short firinq duration prevents 25* C are needed for Ba 2YCu3O7 to crystallize. Attempts to
segregation of liquid and permits
recrystallization of the correct phase at 920*C. grow ordered intermediate phases between BssYCu.O 7 and

B46 YCuO ar in progres.
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M7.211 Particular attention has been paid to the effects of film annealing since
PROPERTIES OF THIN FILMS OF YBa 2 Cu 3 0 7 PREPARED degradation of properties of Y-Ba-Cu-O films is known to occur due to
BY COEVAPORATION OF Y, Cu AND BaF 2 . I.D. reaction between film and substrate. Observation of as-deposited filns

have shown a Ba-enriched intermediate layer, 5nm thick, at the film-
gaistrick, D. N. Sinha, F. H. Garzon, J. G. substrate interface. The prepared films were subected to low temperature
Beery and D. K. Wilde. Los Alamos National heat treatments in air for various times and the effects of this trea ent on
Laboratory, Los Alamos, NM. theinterfacial regions determined.

We have prepared films of YBa 2Cu 3O7 on single- M7.214
crystal substrates of SrTiO3 and LaGaO3 by e- OXYGEN RESONANCE STUDY IN YBaCuO HIGH-Tc FILMS.
beam coevaporation of Y and Cu metals and Hiroki Kuwano, Jian Li, Peter Revesz, James W. Mayer, Materials
thermal evaporation of BaF 2 . The properties of Science and Engineering, Cornell University, Ithaca NY14853-1501, Ya-
the films have been studied as a function of
substrate material, thickness and post- suhiro Nagai, NTT Applied Electronics Labs., Musashino, Tokyo 180
deposition anneal conditions. The JAPAN.
microstructure consists of a layer of strongly
c-axis oriented material close to the interface The SO(cc)0 elastic resonance near 3.045 MeV has been applied
and a less dense layer of a-axis oriented to quantify oxygen concentrations in thin RF-sputtered YBaCuO high-
material on the free surface. Considerable Tc films. A series of resonance RBS spectra corresponding to oxygen
variation in the grain size and the orientation concentrations at different depth can be obtained by varying the inci-
of the film can be achieved by varying the film
thickness and anneal temperature and time. The dent energy from 3.043 MeV to above 3.160 MeV. This non-destructive
best films have critical currents in excess of method has been proved to be powerful in determing oxygen concen-
1 MA/cm2 at 65 K in zero field and 0.1 MA/cm 2  trations in YBaCuO films. RUMP computer simulation program' was
in 7 T. We have also measured the surface used to evaluate the mesured spectra. Good agreement between the
resistance of the films at 22 GHz. Films on experiment and theoretical data was found.LaGaO 3 have measured Rs as low as 0.2 mOhm at 4 eprmn n hoeia aawsfudKa films on sui areRs an lore of0.2 magniatdThe correlation between resisitivity and composition change, espe-less good. The current-voltage relations and cially near the interfaces of YBaCuO films and sputtered MgO films,
the dependence of Jc on threshold voltage and was investigated after annealing at 900 0 C, 850*C, 800 *C, 750 OC, and

temperature have been analyzed in terms of a 700 *C. Big composition change near the interface between YBaCuO
weak link array and flux creep models, films and sputtered MgO films deposited on Si substrate was found

M7.212 after annealing at 900 *C in oxygen ambient. The YBaCuO film, de-

EFFECT OF BUFFER LAYERS ON THE SUPERCONDUCTING posited on sputtered MgO buffer film oxi Si substrate and then annealed
PROPERTIES OF YBCuO FILMS ON METALLIC SUBSTRATES. at 850 °C, showed superconductivity, while the films annealed at the
s. Witanachchi, J. Chang, Y. Z. Zhu, S. Patel and other temperatures didn't show superconductivity.
D. T. Shaw, Institute on Superconductivity, State
University of New York at Buffalo, Bonner Hall, 1. B.Blanpain, P.Revesz, L.R.Doolittle, K.H.Purser and J.W.Maver,
Buffalo, NY 14260 NucI. Instr. and Meth. in Phy. Res.B34 (1988) 459.

Plasma assisted laser deposition technique has *Permanent Address: NTT Applied Electronics Labs., Nippon Tele-

been used to grow as-deposited YlBa2Cu307_x films graph and Telephone Corporation, Musashino, Tokyo 180 JAPAN
on metallic substrates-stainless steel and
hastelloy (Ni-Co-Cr-Mo) . Low deposition K7.215
temperature reduces the interfacial diffusion and LINE BROADENING ANALYSES OF VARIOUSLY PREPARED YBaCuO
thereby improves the superconducting properties. SUPERCONDUCTING FILMS. M. Ece and R.W. Vook, Physics
Films deposited directly on the metallic foils Department, Syracuse University, Syracuse, N.Y.13244-1130
show critical temperatures around 79K and critical and John P. Allen, CVC Products, Inc., Rochester, N.Y.
currents around 2 x 103 A/cm2 at 40K. Critical 14603-1886.
currents have been moved to the 105 A/cm2 range by
incorporating laser evaporated Ag, MgO, BaTiO3 and Integral breadth X-ray diffraction line broadening from
MgAI20 4 buffer layers. Superconducting properties high Tc superconducting films having an (DOL) texture has
and microstructures of these films will be been investigated. The YIBa2Cu3O7_x films were deposited
discussed, by rf magnetron sputtering and flash evaporation methods.

Films were deposited on sapphire (A1203), MgO and SrTiO 3
M7. 213 buffer layers. The line broadening arising in these films

INTERFACES IN THIN FILM HIGH-TC SUPERCONDUCTORS. deposited under various conditions and given different

Lisa A. Tietz, M. Grant Norton and C. Barry Carter, Department of annealing treatments was studied. Films grown on SrT10 3 /
Materials Science and Engineering, Cornell University. Ithaca, NY A12 03 had a preferred orientation whereas the films

14853. directly deposited on A120 3 were randomly oriented. Theseresults were correlated with electrical resistance
Both homo- and hetero- phase boundaries play important roles in resutse
determining the properties of superconducting thin films. Several studies measurements.
have suggested that grain-boundary structure and composition define the M7. 216
weak-link behavior of individual grain boundaries. Previous work has
shown that oriented Y-Ba-Cu-O thin films can contain large numbers of CATION INTERDIFFUSION AT YBCO/MgO INTERFACES.
coincident site lattice (CSL) type tilt boundaries. The film-substrate MLanham, J. Mayer, S.J.Golden, A.G. Evans and M. ROhle"
interface,in turn.controls epitaxy and can be a region of significant Materials Department University of California
compositional variation in the film. Mata Deartment, i f Calforn

Grain boundaries and film-substrate interfaces in thin film Y-Ba-Cu-O Santa Barbara, CA. 93106, MPI fOr Metallforsohung,

high-T c superconductors have been studied using transmission electron Stuttgart, FGR.
microscopy(TEM) and energy dispersive x-ray spectroscopy(EDS). The
films were grown on (001)-oriented Y2 0,-stabilized ZrO2 (YSZ) single - Analytical TEM investigation of YBCO films heat treated at
crystal substrates either by electron beam coevaporation of the metals or 9500C for 30 minutes on MgO revealed an interdiffusion of Cu
by laser evaporation from stoichiometric bulk samples. The film and Mg. The concentrations of the cations within individual
microsuuctwt was characterized in both plan-view and cross-section.
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grains at the interface were quantitatively measured. Charge and of bulk YBCO, i.e., Cu II. The Y and Ba 3d lines often narrow to
stoichiometric considerations, as well as, the similar size of the single oxidation states for these very thin films, while the 0 18
cations strongly suggests that as Cu diffuses into Mg lattice sites s s fo t vrtnlnwite i
in the substrate, Mg must diffuse into in the film (probably Cu h 2 or 3 components.
sites). However, our data show that their diffusion rates are This project was supported in part by the NSF (DMR -8822353),
much different (MSODCu/y8CODMg=30); which indicates that the and the Air Force OSR (F49620-89-C -0017 - DEF).
diffusion mechanism is complicated by the layered structure of
the perovskite-like films. No impurity segregation was detected M7.219
at the interface. Diffraction study of several YBCO grains THE INFLUENCE OF THE SUBSTRATE SURFACE ON THE NUCLEATION AND
confirms that the film c-axis is oriented perpendicular to the GROWTH OF SUPERCONDUCTING THIN FILMS. S. Sasu, N. Bordes, M.
substrate, but that the a/b plane has no fixed orientation, Cohen and M. Nastasi; Los Alamos National Laboratory, Los Alamos, NM
indicating that no epitaxial relationship exists. 87545.
M7. 217 The quality of epitaxially grown superconducting thin films are

dependant on the nature of the substrate surface. In this study, the
MICROSTRUCTURE OF YBa Cu 07 THIN FILMS GROWN surface of (100) oriented SrTiO 3 single crystal substrates have been2 3 7-x
ON SINGLE CRYSTAL SrTiO 3 Siu-Wai Chan, D. M. Hwang, and S. modified by chemical etching, thermal annealing and mechanicalM. Sanpere. Be3lcore, 331 Newman Springs Rd., Red Bank, N. 07701 polishing. The quality of these substrate surfaces have beencharacterized by ion beam channeling and surface profilometry. Thin

YBa2Cu3O7 superconducting films were then deposited on these
Thin films of YBa2Cu30 7._ on single crystal SrTiO 3 substrates have substrates. The epitaxy of the deposited films have been characterized
been shown tr support the highest critical current (J,) of any form of by ion beam channeling, X-ray spectroscopy and 4-point probemeasurements. The films have also been characterized in cross section
this material. o-evaporation of Y, BaF2 and Cu, and annealing in by transmission electron microscopy. This paper will present results
wet oxygen at 850*C has yielded reproducible films with critical on the role of the substrate surface on the nucleation and epitaxial
current [Jc(77K)] greater than 5xl05A/cm 2  among differeiit growth of thin superconducting films.
laboratories. It is, therefore, important to examine the microstructure M7.220
of these films to gain insights into the role of microstructure on MICROSTRUCTURES OF Y123 FILMS ON SrTiO3 AND LaGaO 3. T. Roy, T. E.
supercurrent-carying-capacity. YBa2Cu3O7.. , thin films on (001) and Mitchell and I. D. Raistrick, Los Alamos National Laboratory, Los Alamos,
(014) SrTiO 3 were prepared and cross-sectional samples were studied NM 87545
with transmission electron microscopy. Three types of orthogonally
misoriented YBa2Cu3O7_, grains are observed to grow on both (001) Cross sections of electron beam deposited thin films of Y123 on (100)
and (014) surfaces of single crystal SrTiO 3 substrates. Specially, these SrTiO 3 and LaGaO3 have been examined using Transmission Electron
grains have their c-axes aligned with one of the three < 100> Microscopy. The grains of Y123 seem to align themselves with the c-axis

directions of cubic SrTiO3. This ambiguity creates a 3-fold degenerate either perpendicular to the interlace or parallel to the interface with the
grains having the c-axis perpendicular to the interface forming the layer

epitaxy of YBa2Cu307_, on SrTiO 3, which results in 90=-grain closest to the interface. In particular, an 8000A film deposited on LaGaO 3
boundaries in the final YBa 2Cu3O_, thin films. These boundaries which showed low surface resistance was observed to have about a 3000-
are perovskite-structure preserving and free of any extraneous phases. 4000A layer of c-perpendicular grains and the rest of the film was made
The presence of extraneous phases elsewhere in the films did not up of widely spaced grains in the c-parallel orientation.
destroy the connectiveness of superconducting materials and therefore, The interfaces between the film and substrate showed remarkably good
th are not damaging to superconducting transport. epitaxy although in some regions evidence of other oxide phases were also
M7. 218 seen at the interface. Films subjected to varying post deposition annealin,

treatments will be compared. Microstructural data from similar films
XPS Analysis of Y - Ba - Cu - 0 and Zr - 0 Thin Films deposited on each of the two substrates will also be presented and correl-
and Interfaces with Silicon Substrates alions between observed superconducting properties and corresponding

*+ A.M. Viano, + * J.B. Boyce,* and microstructures will be made.

G.A.N. Connell.* M7.221
INVESTIGATION OF POTENTIAL DIFFUSION BARRIERS"Xerox Palo Alto Research Center, Palo Alto, CA 94304. BETWEEN YBa Cu 0 AND SILICON. A. Lubig,

+Physics Dept., Santa Clara Univ., Santa Clara, CA 95053. Ch.Buchal and B. 3 S"titzker, Institut fiJr Schicht-
und Ionentechnik, KFA Julich, D-5170 Julich, W.

Thin films of Y 1Ba 2Cu3 O, ZrO2, and related oxides have been Germany

deposited on Si(100) by laser ablation deposition, and Thin films of ZrO2 and noble metals on TiN have
been examined as potential diffusion barriers

characterized by several techniques including x-ray between Si substrates and high temperature
photoemission spectroscopy (XPS). Si was prepared by several superconductors. As best result so far, a buffer

layer of 250 n ZrO 2 enabled the growth of a 200
techniques including thermal and native oxidation, as well as nm film of YBa 2Cu3 O,7x, which has been deposited
etching and passivation by hydrogen termination. Certain of by laser ablation. Rutherford backscattering

analysis reveals some interdiffusion between
these films (-250 nm thick) have excellent superconducting YBaCuO components and the ZrO2 layer. This effect
properties. Films of 2-5 nm thickness, transferred under dry N2 ay account for the relatively low Tc,cf about 60
and into UHV, allow XPS evaluation of the thermal and chemical
stability of interfaces and nearby regions. Even for 5 nm films of Our typical deposition temperature for YBaCuO-

films is 7800C. At this temperature the buffer
YBCO deposited at moderate temperatures on 15 nm films of layer combination Si/TiN/Noble Metal is stable
SiOjtSi the Cu 2p core- level XPS lines are quite similar to those under vacuum ambient and Si outdif fusion is
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successfully suppressed, but exposing the films sample for a one hour anneal was observed up to 950 CThe
to oxygen at this temperature results in s f
catastrophic surface roughening due to oxidation channelling measurements indicate unambigous epitaxial
of the film. regrowth. The Arhenius plot of the regrowth fraction obtained

from the channelling spectra yielded an activation energy of the
MT .222 order of 0.8 eV for the epitaxial regrowth of the disordered
EPITAXIAL AND SUPERCONDUCTING PROPERTIES OF layers. Results on isothermal anneals, TEM cross-sectional
YlBa2Cu 3O7 .x FILMS ON FIVE PEROVSKITE SUBSTRATES.* analysis and electronic transport in these layers will also be
R. Feenstra J. D. Budai, S. J. Pennycook, M. F. Chisholm, M. D. reported.
Galloway, D. K. Christen, D. P. Norton, J. W. McCamy, D. H.
Lowndes, and L. A. Boatner, Oak Ridge National Laboratory,
P. 0. Box 2008, Oak Ridge, TN 37 . *Department de Fisica, UNLP, Argentina. Member of Carrera

del Investigador Cientifico, CICPBA, Argentina, on fellowshipA comparison is made between the epitaxial and superconduct-

ing properties of YIBa2Cu307-x (YBCO) films on LaGaO 3 , of Conicet, Argentina.
NdGaO3 , LaAIO 3 , KTaO3 , and SrTiO 3 substrates. One series of M7.225
films, with varying thickness between 50 and 500 nm, was pro- VERY LOW RESISTANCE ELECTRICAL CONTACTS TO TI-
duced by coevaporation of Cu, Y, and BaF2 , followed by a furnace BASED HIGH T, FILMS. J.F. Kwak, R. P. Hellmer, T. R.
anneal at 800-900°C in wet oxygen. In a second series, YBCO Castillo, R. Padilla, and D.S. Ginley, Sandia National Laboratories,
films were grown in situ by pulsed-laser ablation with maxi- Albuquerque, NM 87185-5800.
mum processing temperatures between 650--750*C. By compar-
ing trends in the properties of the films as a function of thick- Electrical contacts can be a limiting factor in the eventual practical
ness, a distinction is made between effects characteristic for each application, or even just the measurement, of high-critical-current-
fabrication process and effects specific to the substrates. density samples of the high T, superconductors. TI-based films

present special problems because: (1) the highest critical current
densities h been obtained with films, (2) the effective volume ofInitial results are reported for superconducting YBCO films on contact is r,.st,icted by the thinness of the films, and (3) techniques

doped KTaO 3 substrates: the semiconducting solid solutions which produce good contacts to "123" materials do not work as well
Kl-x(Sr,Ba)xTaO 3 and the ferroelectrics KTal-xNbxO 3 . with TI-based materials.

Research sponsored by the Division of Materials Sciences, U.S. tepartment of Here we report the results of contact studies on TI 2Ca2Ba2CuO 10"Reearh ponore b th Diison f Mteial ScenesU.S Dparmenso and T12CaBa2Cu208 films. The best contacts thus far (resitivities
Energy under contract DE-AC05-84OR21400 with Martin Marietta Energy y ndar10-8 C -Cm2) fime he bstntc tust a sttin e
terns, Inc. near 108(~m) have been obtained by first backsputtering the

contact area before sputtering 3000 Aof Ag, then 3000 Aof Au.
7T. 223 Other metallurgies tested to date (Ag, Au, Pt, and TI/Ag) have notproduced comparable results. However, the contacts are not yet

THE INTERFACE BETWEEN SILVER CONTACTS AND optimized, showing marginally metallic temperature dependence
HIGH Tc SUPERCONDUCTORS M.D. McConnell and W.G. and a slight degree of rectification.
Morris, General Electric Corp. R. and D., Schenectady, N.Y. Thermal anneals at 500-600 C for up to 15 min. have not been

found to improve the contact resistances, perhaps reflecting
Silver diffuses into the lattice of YBa 2 Cu 3 06 during the annealing deleterious effects of Ag incorporation into the TI-based
of silver contacts at 500 deg. C. Depth profiles using Auger superconductor. The top Au layer provides a good bonding surface
electron spectroscopy with a focused electron beam show a and may serve to suppress Ag oxidation. The films show some

damage during backsputter for contacts: 50 W of RF power for 1diffusion zone about 50 nm deep, as well as segregation of Ba min. in 30 Mim Ar increased the room temperature resistivity p by
and 0 to the surface of the contact. There appears to be a slight about 20%. Lighter backsputtering (ie., in 3-5 /m Ar), which does

not increase p and has been shown to etch 10-20 Afrom the filmloss of silver from the surface region, which could be explained by surface, will be used for further contact studies.

enhanced concentration at grain boundaries. High resolution
SEM analysis of a fracture surface did not reveal the presence of M7.226
silver on the grain boundaries. Further work correlating diffusion MEASUREMENTS OF SURFACE RESISTANCE OF HTS THIN
rates with grain orientation will be discussed. FILMS FROM 0.5 to 40 GHz.* J. Steinbeck, RADC/EEAC, Hanscom

AFB, MA 01731, D. E. Oates, and A. C. Anderson Lincoln
Laboratory, Massachusetts Institute of Technology, Lexington,M7. 224 Massachusetts 02173.

STUDY OF EPITAXY OF YBa2Cu3O7-x BY THERMAL Although superconductors have no dc losses, they have electrical losses
REGROWTH OF ION IMPLANTED AMORPHOUS at microwave frequencies which are important for electronic
LAYERS. applications. The magnitude of the loss is determined by the surface

S A. resistance, R,, of the material. We have measured Rs in polycrystalline
R eA. MaUnezt, A. Ia t N and X.D. Wu, Physics DepartmeN , films of YBCO and BSCCO deposited in our laboratories as well as
Rutgers University, Piscataway, NJ; and B. Wilkens, N.G. oriented films made by other laboratories by codeposition techniques.
Stoffel, D. Hart, D.M. Hwang, L. Nazar and T. Venkatesan, The R, of YBCO and BSCCO thin films has been measured in the
Bellcore, Red Bank, NJ. frequency range between 0.5 and 40 GHz using a stripline-resonator

technique. R, for the films is proportional to frequency squared over
A 1650 A crystalline thin film of YBa2Cu307.x pu,,cd laser the entire measurement range. The magnitude of R, is, however,
deposited on MgO substrate was irradiated with 25 keV oxygen strongly dependent on film microstructure. Our measurements at I GHz

i 2, and 4 K show that randomly oriented films have R, - 10-3 1 (close to
ions at a dose of 1016 ions/ R, producing a disordered layer at Cu) while oriented large-grain films have markedly lower
the surface of-800 A thick. Using RBS channelling as well as R, - 2 x 10.6 Q, approaching the R, of superconducting Nb. The
x-ray diffarction techniques the evolution of the recovery of the magnitude of R rises to - 2 Q and 10-3 Q at 40 GHz for the randomly
lattice was studied as a function of different isochronal and preferentially oriented films, respectively. An effective penetration
annealing treatments. No changes in the composition of the depth, Xha, has been determined from Rs using local electrodynamics.
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We find that ,f/ is dependent on film microstructure and is - 5 jrn fbr 7000fl/D. This value is close to that predicted by theory and hashigh-R, films, decreasing to - 5000 A for low-Re films. The smaller been previously seen in low-Tc superconductors. Continued mil-values of 7,fr calculated for oriented films with large grains are in ling beyond this limit results in semiconducting behavior without areasonable agreement with values of the YBCO penetration depth
(- 2000 A) reported in the literature. The use of the stripline resonator superconducting transition.
technique for temperature and magnetic-field-dependent measurements M7.229of R5 will also be discussed.of RwllasobdsusTRANSPORT 

MEASUREMENTS ON SUPERCONDUCTING*This work was supported by the Department of the Air Force. YBa2Cu3 O7 LINES, STEP EDGE STRUCTURES, AND ION BEAM
M7. 227 DAMAGED LINES. Brian Moekly, Daniel K. Lathrop, Gregory F.

Electric-field modulation of a Bi-Sr-Ca-Cu-O film with a Redinbo, Stephen E. Russek, R.A. Buhrman, Cornell University,
plasma polymerized film as an insulator. Shin'ichi Ithaca, NY.
Morohashi, Hiedo Suzuki, Kohtaroh Gotoh, Norio Fujimaki
and Shinya Hasuo, FUJITSU Limited, 10-1 Morinosato Superconducting YBa 2Cu3O7 thin films have been fabricated by laser
Wakamiya Atugi, JAPN ablation and high pressure reactive sputtering. Both techniques produce

High-Tc superconducting devices are expected as future highly oriented films with excellent superconducting properties and
electron devices. One of the technology to realize these
devices is to utilize the field effect on the morphology as deposited. The fims deposited on MgO and SrTiO3superconducting film. We must prepare very thin and flat have Tc 's greater than 85K and have been patterned to form submicronsuperconducting film to obtain the field effect. Thin features. Critical currents and magneto-transport measurements have
insulator without leak current is also necessary. we haveinvestigated those technologies. We developed the been used to study film nucleation and weak link formation at step edgesfabrication of a thin Bi-Sr-Ca-Cu-O(BSCCO) film and the formed by ion milling. Electrical measurements are correlated with filmthin insulator. The BSCCO film(30 nm thickness) was microstucture as seen by TEM studies. Similar measurements havedeposited on M90(100) subtrate using ion beam sputtering
technique. Following it, the patterning of this film was been made to study the effects of optical and e-beam lithographicdone using ion beam etching technique. The plasma processing, pattern definition by ion milling, and exposure to 100-polymerization using trifluoroetane gas was used to make 1000eV ion bombardment. The results of these measurements and their
the insulator(30 rim thickness). Gold metal was evaporated
and patterned as a gate electrode. implications for device fabrication will be discussed.
We investigated how the current-voltage characteristic of M7.230
this multilayered structure with Au gate/plasma
polymerized film/BSCOD film was modulated with electric- CRITICAL CURRENT DENSITY OF NARROW
field. The suppercurrent decreased from 5.0 A to 3.6 A SUPERCONDUCTING THIN FILMS FABRICATED BY LASER
at 4.2 K when the gate voltage(-20 V) was applied to the ABLAION TECHNIQUES. L.W. Song, Y.H. Kao,
gate electrode. This behavior is thiugt to be attributed Q.Y. Ying, J.P. Zheng, H.S. Kwok, Y.Z. Zhu,
to the electric-field modulation of the BSCoo film beneath and D.T. Shaw, State University of New York at
the plasma polymerized film, formed by the gate voltage- Buffalo, NY.

AC94L Variations of critical current density of narrow
This work was performed under the management of the superconducting thin films as a function of
Scientific Computor Research Association as a part of t temperature and magnetic field are investigated.
Large Scale Project of AIST/MITI"R&D of Scientific Films with different geometry are prepared by
Computing System" sponsored by NEDO(New Energy and laser ablation techniques. The width of narrow
Industrial Technology Development organization). constriction is generally smaller than 100

micrometer and thickness is less than 200M7.228 nanometer. Near Tc, the critical current density
RESISTAN - TRANSITIONS OF ION-BEAM THINNED Jc follows a (l-t)3 /2 dependence, where t-T/Tc.
Y'Ba 2 Cu3 07 FILMS - AN APPROACH TO THE LIMITING For t below 0.7, Jc shows pronounced deviation

from this behavior. In a magnetic field, Jc(H)THICKNESS OF O NE LATTICE CONSTANT A. F. Hebard, R. decreases monotonically, showing a higher slope11. Eick, T. Siegrist and E. Coleman, AT&T Bell Labs, Murray in the low field region when the field is appliedHill, NJ 07974. perpendicular to the film surface. Microwave
response of these narrow thin films in a magneticIon beam milling of c-axis oriented YBa2Cu3O7 films is shown to field and changes in the current-voltagegive smooth films which superconduct at thicknesses approaching characteristics are also measured at different

a lattice constant (II.A). The milling is done at 10 gr temperatures. These data are interpreted inanlattes wintanth 1 (keV 6e ).Thn mincidn n ao at grazing terms of anisotropy, flux pinning, and Josephsonangles with I keV Xe* ions incident on a rotating substrate. Van weak links.
der Pauw resistance transitions and SEM micrographs are used to
characterize the films at each successive milling stage. Surface This research is supported by AFOSR and DOE.
"basketweave" texture, identified as a-axis oriented material, is
removed during the first stages of milling. The "electrical" film M7.231
thickness, proportional to the reciprocal of the room-temperature MAGNETIC EFFECT ON LOW-RESISTIVITY METAL-HIGH TCsheet resistance, shows a linear dependence with millh.g time, thus SUPERCONDUCTOR CONTACTS. Yonhua Tzenq, Mitch
indicating a uniform rate of removal of material with constant Belser, Department of Electricdl Engineering,resistivity. The resistance transitions reflect metallic behavior over Auburn University, Alabama 36849.the entire range of thicknesses for all ilms which attain zero resis- Low-resistivity metal-high Tc superconductor con-tance. The zero resistance transition temperatures decrease uni- tacts can be fabricated in a number of ways usingformly with decreasing thickness with most of the change occur- metals such as silver and gold. It has also beenring for thicknesses less than IOOA. The crossover to insulating discovered that by mixing silver with YBa2Cu307-x
behavior occurs at "electrical" thicknesses near lOA with a tein- ceramic superconductor, a composite superconduc-
perature independent sheet resistance above the onset of the tor can be made to have a higher critical currentsuperconducting transition having a value of approximately density as well as a very effective flux pinning.
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When silver is deposited onto YBa2Cu3O7-x to form As a result, optical constants of typical
an electrical contact, the interface between the superconducting Y-Ba-Cu-O systems are n*=l.750-
normal metal silver and the superconductor behaves jO.326 with Tc=90.3K for 4N-purity.
like the silver-superconductor composite. The
flux trapping at the interface might cause prob- (1) H. Kezuka et al, proc. International Conf.
lems to the electrical properties of the contact, Electronic Materials, June 13-15, 1988, Tokyo,
especially after the contact is exposed to a mag- Japan.
netic field. It means that it will take some
time for the low resistivity of the contact to M7.234
recover from its high resistivity value after the Ya. Cu 0 Thin-Film dxc SQUDS with Focused Ion
magnetic field is removed. Therefore, a metal 2 3 7-i -
that does not enhance the flux trapping but forms Beam Fabricated Weak-Links. B. Dutta, PhysicsDepartment,
low-resistivity contacts to superconductors is Middlebury College, Middlebury, VT 05753; C.T. Rogers,
desirable. We will discuss the magnetic effect A. Scherer, and T. Venkatesan, Bellcore, 331 Newman Springs
on silver-YBa2Cu3O7-x superconductor contact as
well as compare the silver contacts made in vari- Rd., Red Bank, NJ; X.D. Wu Physics Department, Rutgers
ous ways with contacts made by other metals such University, Piscataway, NJ 08854.
as gold.

M7.232 We are investigating thin-film d.c. SQUID magnetometers

WET CHEMICAL ETCHING OF HIGH-TEMPERATURE fabricated from very high quality laser deposited YBa2 Cu 30 7 x
SUPERCONDUCING FILMS IN EDTA SOLUTION. (YBCO). Because these films are non-granular, they display
* K Shokoohi, L M. Schiavone, C. T. Rogers, A. Inam, X. D. Wu*, low flux noise and microwave loss and are thus expected to
L Nazar, and T. Venkatesan, Belicore, 331 Newman Springs Rd., produce low-noise SQUID loops. However, the lack of
Red Bank, NJ 07701 ; 'Physics Department, Rutgers University, naturally occuring grain junctions requires that we
Piscataway, NJ 08854. intentionally fabricate weak-links. At present, we are

Developing suitable microfabrication techniques for thin films of attempting to fabricate the weak-links using a focused liquid-
high-temperature superconducting ceramics is of great importance to metal Ga ion beam (roughly 50 nm spot size) to thin and
realizing the device potential of these films. To date, use of the damage narrow strips of YBCO in the SQUID loop. Preliminary
existing etching techniques have been limited by problems such as very data on single wires indicates that this process can be
fast etch rates (0. pm/min), non-selectivity of the etch, difficulty of controlled to produce good weak-links. We have designed a
detecting the end-point, and potential Tc degradation due to material vared o d c e goop in s and deie adeterioration by the etchi. variety of d.c. SQUID loop inductances and geometries and

have used our multi-layer laser deposition capability to
In this talk, we present a wet chemical etchant which selectively produce planar thin-film YBCO coupling cois with inductances
removes Y-Ba-Cu-O with a low etch rate. The etchant consist of roduce planar tn YBCO co coils it nuctnces
ethylenediaminetetraacetic acid (EDTA) solutions in glycerol and ranging from 1 to 500n. Such coils, in conjunction with
water and can be conveniently used in standard photolithography. We controlled weak-link fabrication, should lead to optimized

use laser deposited Y-Ba-Cu-O films, 0.1 - 1.0 Pim thick, on SrTiO3 , highTo SQUID performance.

BaTiO 3 , MgO and sapphire substrates. For a saturated solution of
EDTA in water the process is reaction limited. The reaction rate for M7.235
the bulk of the film is 0.14 Lm/min, at room temperature, and 0.30 FABRICATION AND PROPERTIES OF HETERO-
pLm/min at 80"C. A fast initial etching (0.4 pm/min) cleans the EPITAXIAL MULTILAYER STRUCTURES OF NIETAL-
surface of the film from porous layers exposing the solid dense bulk of OXIDE SUPERCONDUCTORS
the film. Process induced T. degradation is less than I*K and no H. Dorsett, A. Inam and X. D. Wu, Physics Department,
larger than the accuracy of the experimental measurements. Details of Rutgers University, Piscataway, NJ 08854; C. T. Rogers and
the processing conditions, the reaction kinetics, and their effect on the T. Venkatesan, Bellcore, 331 Newman Springs Rd., Red
morphology and the physical properties of the films will be discussed. Bank, NJ 07701.

M7.233
CHARACTERIZATION OF HIGH-TEMPERATURE SUPER- For device applications of the new high Tc superconductors,
CONDUCTING MATERIALS IN Y-Ba-Cu-O SYSTEMS. we have demonstrated a variety of multilayer structures using
Hiroshi Kezuka, Department of Electronics, Tokyo
Engineering University, 1404-1 Katakura, the family of 90 K superconducting compounds. Ion beam
Hachioji, Tokyo 192, and Tomomi Masaki, Nippon channeling , transmission electron microscopy and X-ray
Electronics, Engineering College, 1404-1 diffraction studies will be presented showing the nearly single
Katakura, Hachioji, Tokyo 192, JapanTeau Systems haveo been rported witcrystalline growth of lattice-matched multilayered structures.The Y-Ba-Cu-O Systems have been reported withHeeotctesdplynSNdviehacertcwee
superconducting transition temperatures (Tc) over Heterostructures displaying SNS device characteristics, where
90K. In order to investigate the material N is PrlBa2Cu307-x, have already been demonstrated and
characterization in Y-Ba-Cu-O systems, optical
study would give us useful information for the progress in the fabrication of SIS junctions will be reported.
films(l) and bulk materials. The purpose of this Results obtained from Auger electron spectroscopy on the
work is to obtain the optical properties of sharpness of the interfaces and the relative diffusion of
Y-Ba-Cu-O systems as a surface impedance. cations at different deposition temperatures indicate best
All samples are characterized by X-ray diffraction interface sharpness of< I nrm.
and SEM with energy dispersive X-ray analysis.

In this paper we report the measurements of
optical constants (n*=n-jk) of Y-Ba-Cu-O systems
fo- 99.99% (4N)-purity.
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M7 .236 Wires of YBa 2 Cu 3 O. have been prepared by swaging using
IONIZING RADIATION EFFECTS ON THIN FILM HIGH silver for the metal sheat. The influence of the heat-treatment
TEMPERATURE SUPERCONDUCTORS. Steven D. conditions on the microstructure and transport properties
Mittleman, Barry A. Kirby, Alvin J. Drehman, (i.e. thermal conductivity, thermoelectric power and electrical
Bruce L. MacDonald, Robert J. Andrews, Michael resitivity) has hAon imvpmt.*ated. The same measurements
N. Alexander, Rome Air Development Center, Solid have been performed on buk samples pressed and sintered
State Sciences Directorate, Hanscom Air Force between two silver sheets.
Base, MDue to the infiltration of silver into the superconductor,

There are many applications of solid state composite materials were obtained. The electrical resistivity
devices, ICs, and other electronic components was found to decrease by more than one order of magtude. It
such as communication satllites where a was observed that the presence of silver inside the blk of the
predictable response to ionizing radiation is superconducting ceramic affects the grain growth and the
essential. In the case of some low temperature porosity, that it does not reduce the T, and Jc values, and that it
Superconductors, defects formed by electron leads to a very small contact resistance between the oxide and
radiation can increase critical current densities the metal.
(Jc). In our study, thin films of sputtered M7.239
Y-Ba-Cu-O with a Tc greater than 85K were
irradiated with 1 MeV electrons and Co-60 gamma HIGH Tc SUPERCONDUCTOR FIBERS FROM METALLO-ORGANIC
rays up to an equivalent dose of 40 Mrads (Si). PRECURSORS. K. C. Chen and K. S. liazdiyasni, General
Significant changes in Jc were observed while the Atomics, San Diego, CA.
critical temperature, Tc, remained unchanged.
All irradiations and Jc measurements were Homogeneous stoichiometric solution of yttrium i-propoxide,
performed with the sample held below the barium i-propoxide and copper ethylhexanoate has been
transition temperature to avoid annealing prepared. This solution was converted to a resin-like
effects. Tc measurements on irradiated samples material and is readily re-dissolved by organic solvents.
were kept in a temperature range not exceeding The viscosity could be reversibly adjusted by adding or
110K for the same reason. removing solvents. Modifications in the solution

chemistry have been made to reduce barium carbonate
A more complete analysis of Jc as a function of formation during organic pyrolysis.
radiation dose, temperature during radiation, and
material compositional variations will be Single phase superconducting YBa2Cu3O7- x fibers have been
presented, continuously spun from the viscous solution. Compositions

other than stoichiometry have been prepared to examine the

M7.237 possibility of forming nano-scale inclusions in the "123"

FABRICATION OF HIGH Tc SUPERCONDUCTING COMPOSITE fiber. Seeding with fine DyBa2Cu3O7-x crystallites with
assistance of magnetic field was used to achieve

STRUCTURES. crystallographic alignment. The phase and microstructural
D_ T. Shaw, S. Patel, J. Chang, S. Witanachchi, Y. evolution and electrical properties of the fibers will
Z. Zhu, L. Song, and Y. H. Kao. Institute on be discussed.
Superconductivity, State University of New York at
Buffalo, Bonner Hall, Buffalo, NY 14260 M7.240

Reported improvements in the superconducting FORMATION OF SPUTTERED Y-BA-CU-O SUPERCONDUCTING THIN

properties of silver doped YBCO has led us to FILM ON METAL SUBSTRATE. H. Hayakawa, Y. lijima, N.

fabricate composite structures on Yttrium Sadakata and 0. Kohno, Tokyo Laboratory, Fujikura Ltd..
stabilized zirconia (YSZ) and stainless steel (SS) Tokyo. Japan
substrates. These layered structures such as For the application of the high temperature
YBCO/Ag/YBCO on YSZ and SS have been grown in-situ
by laser ablation using a 193 nm ArF excimer superconducting materials, it is important to fabricate

laser. The thickness of YBCO was 0.1 to 0.3 pm composites on long flexible substrate without

and the silver layers were 0.015 to 0.05 9m. diminishing excellent superconducting performance.

Substrate temperature was varied from 550 0 C to Metal alloy substrates are useful because their

650 0C. The layered structure was heat treated at flexibility and thermal properties as a conductor.
400 0 C for 5 min. up to 1 hour to allow a fraction Meanwhile, films of well-aligned grains with preferred
of the silver interlayer to diffuse into the YBCO. orientation and high critical current density have been
Zero resistance temperature varied from 77K to 83
K for the SS and 83K to 90K for YSZ. Critical reported through thin film processing. Sputtering is

currents at 40K by transport measurement was in one of the method to fabricate thin films with good
excess of 7.5 x 10 amps/cm 2 for films on YSZ and superconductivity, however, the thin layer of the films
104 amps/cm2 on SS. (some of the measurements on the substrate may be easily contaminated by the
were limited by the contact resistance)
Mechanical straining of the film on SS showed a diffused elements from the substrate during the

tolerance of -0.2% strain for a fifty percent deposition. In order to eliminate the degradation of
decrease in critical current. Results on Auger the films, putting intermediate buffer layer which
profile, critical temperature and currents of the reduce the interaction was found to be effective to
composite structure will be presented, and the
mechanical strain effect of SS supported film will realize good superconductivity. In this paper, we
be discussed, report the ,ffect of the intermediate buffer layer of

M7.238 SrTiO 3 on nickel based alloy. The buffer layers and Y-

Ba-Cu-0 thin film were prepared by sputtering. The
INFLUENCE OF METALLIC SILVER INFILTRATION ON THE substrate was heated 550-700'C during the deposition.
MICROSTRUCTURE AND TRANSPORT PROPERTIES OF YBaCuO. The
L_ Rjeuandt M. Cassart, A. Vandenboach, F. Delannay and microscopic morphology of the layers and
J-P. Iasi. Unit de Physico-Chimie at de Physique des transporting Jc characteristics are discussed.
ebst4riaux, I Plac Cruin du Soed, 3 1949 Louvain.-a-N.,.va,

Belgium,
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M7.241 crystal growth by partial melting of Y-Ba-Cu-O
MULTIFILAMENT SUPERCONDUCTING WIRE OF Y-Ba-Cu-, L.R. which melts incongruently. Segregation of fluid

A____TF GM SUPERaNDUCING O , t products, by gravity, tends to occur upsetting the
Motowidlo, G.M. Ozeryansky, IGC, Advanced Superconductors stoichiometry of the material and producing
Inc., Waterbury, CT, R.D. Blaugher, D.W. Hazelton, J.A. insulating phases which often form at grain

Rice, Intermagnetics General Corporation, Guilderland, boundaries. However if recrystallization is
NY. arranged parallel to a vertical thermal gradient

enhanced stoichiometry results and insulating
Long lengths of Multifilament Superconducting wire with a phases can be removed by zone refinement. Coils
Ag matrix of high Tc Y-Ba-Cu-O ceramic superconductor require texturing with tangential growth. These
have been prepared using a powder precursor approach. can be mounted on non-reacting formers which are
Monofilaments were initally cold drawn or hydrostatically rotated in a furnace operated at 960 degrees
extruded, restacked into a billet and cold drawn to final centigrade ambient, with a local vertical gradient
size. A 0.4mm diameter multifilament wire was obtained near to 1025 degrees at the coil.
with 29 filaments (15 um) of Y Ba2 Cu O0 around a

central core of 123. Following wire drawing, the The microstructure and electrical properties of
conductor was annealed in oxygen to completely textured coils have been examined from material
equilibrate the 123 to obtain optimum superconducting wound in various ways. Processing techniques are
properties. selected to overcome the loss of mechanical

strength which occurs during partial melting.

Heat treatment schedules were varied to evaluate the Experiments have been extended to (Bi,Pb)-Sr-Ca-
influence on critical current density. Pre-reaction of Cu-O, where partial melting destabilizes the high
the 123 powder precursor prior to billet assembly appears temperature (110 K) superconducting phase.
to produce the best results. Transport meaur ment at
uV/cT sensitivity showed current density in excess of 10 K

A/cm at 77K. The maximum length achieved was nearly 500 M7.244

feet. This paper will present the results to date with a THERMAL ANNEALING STUDY OF HIGH-Tc YBaCuO AND BiSrCaCuO

projection for future work. SUPERCONDUCTING WIRES. Y. D. Yao(a), 3. W. Chen(b),
Y. Y. Chen(a), W. S. Pern(a), I. N. Lin(c), P. C. Yao(c),

M7 .S. 3. Yang(c) and S. E. Hau(c). (a). Institute of Physics,
Academia Sinica, Taipei, Taiwan, R.O.C. (b). Department

II0K SUPERCONDUCTING FIBERS OF [Bi,Pb(Sb)Ia SriCaCuOi0+x of Physics, National Taiwan University, Taipei, Taiwan,

Zhang Jincang, Henan Normal University, Xinxiang, China; R.O.C. (c). Materials R & D Center, Chung Shan Institute

He Aisheng, North University of TechnologyBeijlng, Chinal of Science and Technology, Lungtan, Taoyuan, Taiwan, R.O.C.

Huo Yuj ing, Xiang Jiong and He Yusheng , Tsinghuaua

University, Beijing, China High-Tc YBaCuO and BiSrCaCuO superconducting wires have

been fabricated by powder metallurgy technique. Copper

Superconducting fibers in (BI,Pb(Sb)I.SrCaCuO#0+x high and silver tubes were used as the external jackets [13.

Tc superconducting aterials have been prepared by means High critical current density have been observed in these

of the laser-heated pedestal growth methed (LHPG). The wire-type superconductors. Thermal annealing treatments

onset transition temperature reached is 120K and zero for all the wire-type samples were performed between

resistance temperacture reached is 110K. The critical 773 K and 1230 K. Magnetization studies show that the

current desity (Jc) is greater than 10'A/cm' at about 77K. superconducting properties can be improved after properly

The minimum diameter of fibers have reached 35um, of thermal annealing of these samples with silver jacket.

which the flexibility Is quite good. The superconducting properties of all the samples after

thermal annealing will be reported and discussed according

The grwoth condition and the thermal treatment were also to the magnetization studies.

studied. It was found that the slower growth rate and the

smaller diameter will lead to a better quality of the 1. Y. D. Yao, 3. W. Chen, W. S. Pern, M. T. Yeh, I. N.
fiber. At the omentthermal treatment was still necessary Lin, P. C. Yao, S. J. Yang and S. E. Hsu, Proc. Ann.

for the fabrication of 2223 phase superconducting fiber. Conf. Chin. Soc. Mat. Sci. P. 1131 (1989).

X-ray diffraction and SEM results Indicate that the M7.245

fibers have highly aligned morphology with the a-axis STUDIES ON MICROSTRUCTURE - PROPERTY RELATIONSHIP OF

paralleled to the growth direction. Such strong textured YBa2Cu 3O7-x + Ag COMPOSITE WIRE. 9- SAmAidAr and S.K.

structure will provide optimized path for superconducting Samanta, Plasticity Laboratory, Department of Mechanical

current along the fiber. Unlike the case for the 2212 Engineering and Applied Mechanics, 2250 G. G. Brown, The

phase Ri-based superconducting fiber. EDAX analysis showed University of Michigan, Ann Arbor, Michigan 48109-2125,

that the deviations of composition from source rod are USA.

quite noticeable for all elements, except for that of
Sr. However, It Is believed that the existence of Pb and Silver is known to act as a compatible metal host for
Sr. Howveit isbelieverth the etabiltyf itee band designing a microcomposite system with the high

Sb iS vital for the stability of fibK hIgh te ercture temperature superconducting ceramic YBCOI
'2

. The unique
phase of the Ri-based superconducting fibers, role played by nascent silver generated from the silver

monoxide precursor during sintering as well as warm

M7.243 compaction of the powder mix is illustrated with the

help of light opLical micrography.

COILS OF YBCO TEXTURED BY PARTIAL MELTING.Nigia Tn Antony 3. Bourdillon, State It is seen that electrical as well as mechanical

UNingersityan New York at Stony Brook, N.Y ; and properties of the bulk composite is significantly
r governed by its microstructura. The microstructura, in

N. Savvides, CSIRO Divission of Applied Physics, turn, could be controlled by suitable heat treatment and

Sydney 2070, Australia. proper selection of the fabrication process parameters
at every step. Attempting a structure-property-

The majority of anticipated applications of high processing correlation, a microstructure controlled
temperature superconductors require material with scheme for fabricating superconducting composite product

critical current densities higher than are of useful shapes is discussed.

currently attained in bulk ceramics. Improvements
in current carrying capacity and in mechanical Successful fabrication of thin (0.75 n die.! and long

strength of fibres can be obtained by means of (450 m ) flexible wire following this route is also
reported here.

475

temertue specoducor rquie atria wth sceme mnun fo factn uperconduIng composit prductn Bgn



1) S. K. Samanta et al. "A Novel Processing Technique flux pinning characteristics in the tape will be discussed.
for Fabrication of Flexible High Tc Superconducting

Wire", to be published in J. Appl. Phys., November (1) M.Okada et al : Jpn. J. Appl. Phys. 2_(1988)L2345.
(1989).
2) S. Samajdar et al. "A Phenomenological Model on The
Deformation Mechanism of YBa 2 Cu 3O 7 _x + Ag20 Composite" M7.248
to be published in J. Mat. Sci. Lett. (1989).

RRPRODVCXBLE,* LASOS-SCRLE pxoOcTION Or TULLIONU-DA5ED RiGa

M7.246 TEMPERATURE SUPERCONDUCTORS. R. L, Gay, . stelman, J. C. New-
comb, J. x. Pechenik, and L. F. Grantham. Rockwell international,

MICROWAVE PROPERTIES(QF HIGH QUALITY Y-a-Cu Rocktdyne Division, 6633 Canoga Avenue, Canoga Park, CA 91303
OXIDE THIN FILMS FROM 0-41)0 GI-z.OXIDE THN F. D.FWuR 11n400 G ~ es The Rocketdyne Division of Rockwell International has developed a
A. Ina and X. D. Wu, Physics )epartment, Rutgers large scale spray-calcination technique, generic to the prepare-

University, Piscataway, NJ 088M; L Nazar and T. tion of ceramic high temperature superconductor (3 7C) powders.
The technique has the advantage of producing homogeneously mixed

Venkatesan, Bellcore, 331 Newman Springs Rd., Red Bank, powders on a fine scale. Production of both yttrium- and thalli-

NJ 07701. un-based Erct has been demonstrated using this technique.

in the Rockstdyte superconductor spray calciner, solutions of the

desired composition are atomized as a fine mist into a hot gas.

We have performed intra- amil extra-cavity microwave Evaporation end calcination are almost instantaneous, yielding an
extremely fine, very reactive, and homogeneous oxide powder. The

frequency (1-100 GHZ) ine ements on high qmlity calciner is 30 inches in diameter and can produce relatively
large amounts (approximately 100 q/h) of yttrium- or thallium

Y1Ba2Cu307-x surpercondutigihfin fims, on (10))iaAIO3 based rsc without carbon contamination. motallic impurities are
less than 600 ppa.

substrates, fabricated by the -.-d hser deposition zalm ique. sulk samples of the thallium-based HTsC have been cold-pressed

These films exhibit superconLb.tiUg transition tempemturfs > and sintered, and an optimized temperature schedule was found to
produce the 2-2-2-3 compound. sintered samples were examined by

90 K and critical current deizriit sof 5xl0 6 A/cm2 art77 K. x-ray diffraction and characterized by measurements of TO. criti-

cal temperatures in excess of 110 K were found.

Jon beam channeling and X- ., difraction studies indivate
that films grown on the LaAIO mabstrate posses remakably

h a M7. 249
high crystalline quality. Micrmwave surface resistance WJ11.24
at 77 K for thesefllins are il'bemore than one toTwo FABRICATION OF Bi2Sr2CanCUn+10x THIN FILMS BY

orders of magnitude lower tharl r!oxpper at 77 K for slonost LASER ABLA. ON. J. Chang, S. Witanachchi, S. Patel

the entire frequency range exjpIored. We believe ihat the and D. T. Shaw. Institute on Superconductivity,
State University of New York at Buffalo, Bonnerreason for such low su mmes in these fbmsh the Hall, Buffalo, NY 14260

virtual absence of grain and phae .hundaries coupled with

the high degree of crystaIlinihy. -ur studies show ,hat s-e
thin films were grown by laser ablation. A 193 nm

residual resistance measured Jtow Im is at present doniinated ArF excimer laser was used. Films obtained were

by losses occuring in the subst, a rna the cavities ratherzhm oriented with the c-axis perpendicular to the
substrate surface. The c-axis lattice parameters

by losses intrinsic to the Y-Badu de superconductor. were about 31A, 37A , 43A, and 49A corresponding

M7.247 to n - 1, 2, 3, and 4, respectively. The
substrate temperature was kept in the range of

MICROSTRUCTURE AND FLUX PINNING CHARACTERISTICS OF 500 0 C to 650 0 C during the deposition. These
HIGH-Tc SUPERCONDUCTING TAPE PREPARED BY THE phases can be controlled by varying the deposition
DIRECTIONAL MELT-GROWTH TECHNIQUE. KQ_0. R.Nishiwakl, rate and the oxygen pressure. The zero
T.Matsumoto, T.Kamo, K.Alhara, and S.Matsuda. Hitachi resistivity temperature of the as-grown 2212 phase
Research Laboratory of Hitachi Ltd., Hitachi, Ibaraki films can approach 80K. The resistance dropping

319-12, Japan.; N. Seido, Metal Research Laboratory of around 110K for the as-grown n - 2-4 phase films
was difficult to detect. These films are always

Hitachi Cable Ltd., Tsuchiura, lbaraki 300, Japan. characteristic of semiconductors. After a rapid
post-annealing, these films became superconducting

Dense and aligned high-Tc superconductor tapes with with zero resistivity temperatures of up to 100K
metallic sheath were prepared by a directional with a sharp decrease in resistivity at 110K.
melt-growth technique. Critical current density and flux Fabrication and properties of these c-axis
pinning characteristics were studied in relation to the oriented Bi2Sr2CanCun+1Ox films will be reported

oriented microstructures. in detail at the conference.

In our previous paper(1), we reported that the M7.250

drawing-rolling technique is effective to enhance the Jc's FORMATION OF 1223 PHASE IN 8i (Pb)-Sr-Ca-Cu-O SYSTEM
of silver sheathed high-Tc superconducting tapes. The DURING ANNEALING PROCESS. Chen Liquan. Huang Zuvei.

Jc's of the tape. however, decrease sharply in the Huang Yuzhen. Bi Jianqing. Ni Rongaing and Zhao zhong-

external magnetic field, since the superconducting core xian, Institute of Physics. Academia, Sinica, P.O.Box

consists of sintered polycrystalllne. In this study, a 603. Beijing, China
directional melt-growth technique is applied to improve
the crystallite alignment and the grain boundary The formation process of 110k phase during high tempera-

weak-link In the Y-123 and TI-2223 tapes. ture annealing has been studied by EDX combined with R-T
measurement and X-ray diffraction.Startins material with

It was observed that the platl shaped Y-123 or TI-2223 nominmJ composition Bi, ,Pb..,SraCasCu...Ovas sintered

crystals ( I to 10m long and 0.05m= thick) including fine at 860 C for 24 hrs in air. Pellets pressed vith sinter-

second phases (ex. Y-211 crystals) were aligned parallel ad Powder were annealed at 880 C for various tine.

to the surface of the tape. Critical current density and
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Nine types of grains with different composition can be Electrical measurements as well as SEM observations are

distinguished from dark regions. They are 2212.2223, presented.

llI-,.1112.1111 and those rich in Ca-Cu. Sr-Ca-Cu,Bi-Cu
and Sr-Bi-Cu respecti'iily. After one day annealing, the M7.253

samples contain small amount of 2223 grains. The major THE ROLE OF STRUCTURAL DEFECTS IN FLUX PINNING AND

grains are rich in Sr -Ca-Cu and Ca-Cu. The percentage of HIGH Jc IN THIN FILM Y-Ba-Cu-O SUPERCONDUCTORS
2223 grains and II- (rich in Cu) increased steeply in R.ameh, D.M.Hwang, A.Inam, P.England, T.Venkatesan
the samples annealec for 2 to 3 days. As the annnealing Bellcore, Red Bank, New Jersey 07701.

process lasted up to 4 to 5 days,the number of these two
type grains reduced and that of 1112. 1111 grains in- Thin film YBCO superconductors, deposited by the pulsed
creased.These four type of grains could be considered as laser deposition technique, have been shown to have
110k phase. Vhen annealing time increased from I day to critical currents of up to 5x1O5 A/cm 2 at 77K.

5 days. the 110k phase increased from 18% to about Additionally, these films have better resistance to
100%. The evolution of the grains is following: grains magnetic field induced dissipation than single crystals
rich in Sr-Ca-Cu and Ca-Cu -- 411-(rich in Cu) -- '1112 of these cuprates. In this paper, we report resultS Of
--- '2223 --- >1111.14ore longer time annealing will lead detailed microstructural characterization of these films,

to further lose of Ca and Cu. and attempt to rationalize the transport properties
obtained based upon the defect microstructure. The thin

M7.251 films consist of an intimate distribution of defects such
as structural dislocations, intergrowths of the 1-2-4

ROUTES TO HIGH-Tc SUPERCONDUCTING Tl-Ba-Ca-Cu-O phase, etc. This microstructure, consisting of a uniform
FILMS USING ORGANOMETALLIC CHEMICAL VAPOR distribution of structural defects may be the cause for
DEPOSITION. Darrin S. Richeson, Lauren M. Tonge, the high critical currents obtained in thin films prepared
Jing Zhao, Jiming Zhang, Henry 0. Marcy, Tobin by this technique.
J. Marks, Bruce W. Wessels, and Carl R.
Kannewurf, Science and Technology Center for M7.254
Superconductivity and the Materials Research
Center, Northwestern University Evanston, IL ELECTRON MICROSCOPY OF (Bi,Pb)-Sr-Ca-Cu-O WIRES WITH
60208. VARYING SINTER TIMES. -Em*, R, E. Smallman*. I. P. Jones*,

Films of the Tl-Ba-Ca-Cu-O high-Tc superconductor F. Wcllhofer*, N. McN. Alford+ , T. W. Button+ , *Superconductivity
can be prepared by several organometallic chem- Research Group, and School of Metallurgy and Materials, University of
ical vapor deposition routes. Two of these
involve Ba-Ca-Cu-O films that are first prepared Birmingham, P.O. Box 363, Birmingham B15 2TT. U. K. +ICI
on yttria-stabilized-zirconia using the volatile Advanced Materials, Runcorn, Cheshire WA7 4QE. U. K.
metalorganic precursors Ba(heptafluorodimethyl-
octanedionate) 2 , Ca (dipivaloylmethanate) 2 , and (Bi, Pb)-Sr-Ca-Cu-O '2223' wires with varying sinter times have been
Cu(acetylacetonate)2 . Deposition is carried out
at 5 torr pressure with argon as the carrier gas investigated by parallel physical measurements and analytical electron
and water vapor as the reactant gas. Thallium is icroscopy. The numbers of phases present, their relative amounts,
next incorporated in these films either by vapor
diffusion using bulk Tl-Ba-Ca-Cu-O as the source, compositions and microstructure modulations with varying sinter times
or by organometallic chemical vapor deposition are reported and correlated with the superconducting properties. In
using Tl(cyclopentadienide) as the source. The
latter deposition is carried out at atmospheric particular, the recently reported long penod (010) modulation in Pb doped
pressure with an argon carrier and water-
saturated oxygen reactant, followed by rapid '2223' is associated with the high Tc(l05K) phase.
thermal annealing. Both types of films consist M7.255
primarily of the TIBa 2 Ca 2 Cu 3Ox phase, have FIELD AND TEMPERATURE-DEPENDENT SUSPENSION STUDIES OF HIGH
preferential orientation of the Cuo planes TEMPERATURE SUPERCONDUCTORS. S.A. Solin, Michigan State
parallel to the substrate surface, and exhibit University, East Lansing MI 48824 and NEC Research
onset of superconductivity at -125 K with zero Institute* Princeton, NJ 08540 and y. Huang. Michigan State
resistance by 105 K. Preliminary results of University. Eaat Lansing, MI 48824.
four-component TI-Ba-Ca-Cu-O chemical vapor
deposition onto various substrates will also be w have employed a novel variable teperature-va.able
reported.feld/field gradient cryogenic levitometer. previously used1

M7.252 in levitation experiments, to study the orientationally

EFFECT OF PROCESSING PARATERS AND POSTPROCESSING THERMAL dependent 2 suspension properties of the yttrium, bismuth,
CYCLING ON THE SUPERCONDUCTING PROPERTIES OF Ag/YBa2Cu3O-x and thallium-based high Tc materials. Various morphologicalWIRES. Misuel A. 0caaoo. Esillo Orgaz, Centro deC
lnvestigacln y Desarrollo CONDUNEX Blvd. Cervantes forms of the samples including pressed but unresintered
Saveda 255, 15 exirolo COF. MEXicov. ranats pellets, sintered pellets and (heavily faulted e.g. twinned,
Saavedra 255, 11520 Mexico, D.sF., Mexico, and Tarsus syntatic intergrovn, etc.) single crystals have been
hkachi. Institute de Investigaclones en Materiales, UNAM, examined. As in the case of the levitation data, the zero-
Apdo. Postal 70-360, 04510 Mexico, D.F.. Mexico. field-cooled suspension data exhibit a temperatue and field

Preforms of silver tubes with YBa2Cu3O7-x powder were drawn dependent critical temperature, Ts above vihich suspension

to obtain wires with diameters in the 0.25m to 1.00mm ceases but the transition to the nonsuspended state sharpens
range. Samples were sintered at 900 'C in oxygen for dramatically with increasing field and is in all cases such
different times nd post-oxygenation was performed In a sharper than the corresponding transition at TL to a
closed camera at various oxygen pressures. nonlevitated state. Also the suspension data do not exhibit
An improvement in the superconducting parameters T¢ and Jc the low temperature slope discontuinity which is a dominant
A obsevedent I the presuercooxygn war s read feature of the levitation data and has been associated with

es observed as the pressure of oxygen was Increased and as inter and intragranular weak links in the pellet and single
the thickness of the silver wall was decreased. crystal morphologies. respectively. Theme results will be
A small decrease in Tc was observed with thermal cycling of explained using a modified version of the a field-gradient
the samples between liquid nitrogen and room temperature. A model which has successfully accounted for the levitation
wider study of this effect Is under way. data.

477



Research supported by the msu crnR were required to produce adequate kinetics. Samples swelled duriag the* Current/p. rnantent address heat treatments at atmospheric pressure, ad the voids formed were (*und1. S.A. Solin and Y. Hluang, Proc. Indus try-Unive rsity Adv. to preferentially occuir at grain boundaries. The void formation appears toHatis. Conf.,Denver, 1989, in press, end to be published. be associated with Internal Oxygen rejection.2. S.A. Solin, N. Garcia, S. Viaira, and H. Mortal, Phys
Rev. Lett. 60, 744i (1988). Furthe experiments showed that Y-123 Is unstable at pressures as low a

M47. 256 40 sun. The polyphase. hot isostatieally pressed material did not revert
to Y.123 during a 45 hour heat treatment at 11751C In 40 stm oxygen. AX-ray Diffraction Study of the Crystallization Process of cold pressed pellet of orthorhombic Y-123 powder was also exposed to 40High T, superconducting Bi-Glass Ceramics. Winnie tWong- su oxge at 1756C and found to partially decompaoe but some Y-123Ng, Chwan K. Chiang, Stephen W. Freiman and Lawrence P. aso present. Mioroprobe analysts showed that BA3Cu5OY Vasa"e ofCook, National Institute of Standards and Technology, th decomposition products. Since both hydrostatic and chemical effects

Gaiherbur, M 2099.ane produced in oxygen. a seond powder pellet was host 'eaed at 8731CGlass-ceramic processing has been demonstrated to be a in a Sold capsule. Decomposition was more extensive in the hydroetatic
successful technique for the preparation of high T, experiment. and microprobe analysis showed tht Y-123. Y-124 and
superconductor ceramic oxides. Two different compositions 993Ctl50y were Present. The Tc of this sample was 80K. indicating that
of glasses were prepared in the Bi-Pb-Sr-Ca-Cu-0 system by the Y-123 was probably not fully oxidized.
melting starting powders in air at high temperature
(1200'C), followed by rapid quenching. The study of the O csarclt sponsored by the Office of Energy Storage and
formation of glasses and their subsequent crystalliz ition Distribution. Conservation and Renewable Energy, U.S. Department of
into high T. superconducting glass-ceramics through a Energy, under contract DE-ACOS-840R21400 with Martin Marietta Energy
sequence of heat-treatment was carried out in order to Systems. Inc.
understand the possible mechanism of the formation of high H8.1
T. materials and to improve the control of processing. X-
ray powder diffiaction, differential scanning calorimetry CONSIDERATIONS LIMITING CRITICAL CURRENTS IN
and scanning electron microscopy were used to study the HIGH -TEMPERATURE SUPERCONDUCTORS. M.characteristics associated with the crystallization
process. This paper describes the characterization of Tinkham, Harvard University, Cambridge, MA 02138.
these materials at different annealing stages, with an
emphasis on the use of the X-ray technique. A comparsion
of phases formed in the two glasses will be made. This talk reviews the basic principles of superconductivity
M4? . 257 which limit the critical current, with particular reference to
ON TIE MMMAI O0eTFD tA WW 0 OETE W MM M the high temperature superconductors. The conventional

1%su"o fk abenlp~ yarlf practical definition of a critical current density in terms of a
WWW si a"~ 51tgrwm. Vii "sII1Uk atiwsisr voltage criterion such as 1 g~V/cm has no fundamental
Sirts" below tim ~a twrA'Jltss ue a~oe fr War significance, since the result can depend strongly on the
teriires itd aW piil p-i Shrf Wrush criterion chosen. This problem is particularly serious with the

tom vi ylg th diat 4 to 95 2Waal -no high-temperature superconductors because of the greater
tatraumu Tva sor u r 1 amm st uiri l0 wpmt prominence of significant resistance due to flux creep effects
AgO in dom pvsaru pesda am as~e u* ams lad. flu at the higher temperatures. The relation between the
iIut"r awe Ih' w*1i damr5 tmprmin swv hr conventional pinning approach to determination of Jc within a
t8Wiedn low phial pumm o wV (4 Werdi e thg. Uoftn continuum picture and the weak link Josephson junction

vacqgx oxvmuiVwn. 1%m afitm cf iAg&O leeld a disparsor cf Ag coupling approach within a granular picture will be discussed,pitca ab D n talf A~~ ft Qfh0JjVA d tVi u together with experiments on fluxon pinning in artificialtripla pcirma. ittildt raran ugh ll~dy ad ddro
UT9Thu don £4mpaAc" pvprtk. Resitivity waa hlw as22 arrays of Josephson junctions. The possible importance of
A-an at Wt. Trwmp critical orrt thsus; we 5 uns; intrinsic pinning related to fluctuations of stoichiometry and
No dw ~t es law PrA~n " arrs 4" "re ~ sitred the discrete atomic structure of the ideal crystal will be
dastin do wmteW g*5 %i ba of dom sunlw inn~ovWII considered.
-100 A/dat 4.2K Ifkci 1-7T. ft WADe WAssWrin
WO ofacim dtio ansch ln btlary usfa __ Th f'e research was supported in part by the ONR and the NSF.
morksis ft do Wan hriss in samid IMl mpwam ra M8.2
gseea bu seto ffmMlinthe mtrtdprusoruci of8.

maew*0faedV% W MUisUN " n dw Jl.FLUX MOTION AND DISSIPATION IN CUJPRAThI~i~pla~ atu~ Mha a~b limp z~truslJ~.SUPERCONDUCTORS. B. Batlore, T. T. M. Pastra and L F.
N7.258 Schneemeyer, ATS-T Bell Laboratories, Murray Hill, NJ 07974.
SOME OBSERVATIONS5 UP TH31 EFFECTS OP 1H PRESUMS AMD
TUMP!RATIJRAS ON THE STABILMT OP V 392Cu3O7-ii. LL.Xi-iAh=
K. 11. Alex~ner . 'D1rynsled. T. J. HUNon D. M. 1440ear0 0. C. Marsh and Magnetic flux motion in cuprate superconductors poses challenging1. 0. Scarbrought. Oak RWdg National Laboratory. Oak Ridge. TH. conceptual questions and is closely related to properties of practical

Ho scstc pressing end hbat treaM011t Is 1181i rssrghye importance. We have studied the systematics of dissipation below T, in
eavlronments were msed to study t effect of pressure on te stab110ity Of all classes of high T. compounds and find highest dissipation in
Y SA2Cu3Op-s. I11 an W111tisi xpeImt, it was fomin thai Oomeas superconductors with largest electronic anisotropy. Activation energiesY 1162C13307-11 60ecom0011ed into a few Phase mitur Nder an UrPS pes for flux motion of order kT are observed in large portions of the H-Tsure of 2000 atmospheres at 9239C. Microanslyle showed that fte phases phase space, which makes thenmally activated dynamics a dominantpresent were letragonal Y-123. Y-111. the 211 phas ad 1143Cu5O. It phenomenon in cuprate superconductors. T'his is in marked contrast towee found tha the decomposition cOvid be reversed by eublaqisiibhet traditional superconductors.
treatments at atmosphteric presr. but temperatume of 1711C se greater
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N8.3 M8.5 ABSTRACT NOT AVAILABLE

HYSTERETIC DEPENDENCE OF CRITICAL CURRENT ON
APPLIED MAGNETIC FIELD AND MAGNETIC F.6IRREVERSIBILITY LINE CROSSINGS IN ON THE RESISTIVE STATE OF HIGH TEMPERATURE
POLYCRYSTALLINE YBa 2Cu3O 7. S and SUPERCONDUCTORS IN MAGNETIC FIELD.
RiCRTB. Flippen, Central Research and Development Yasuhiro lye, The Istiute for Solid State Physics, The University of
Richard B.Fipn eta eerhadDvlpet Tokyo, Ropponyi, Mmnalo-kii, Tokyo 106 Japan.Dept., E. I. du Pont de Nemours and Company, Inc.,
Wilmington, DE. Magnetotransport studies in the superconducting transition region

were carried out using thin film samples of Bi2 Sr 2GaCu 2O+y and

It has recently been observed (1,2) that the transport ErBa2Cu307.. Superconducting fluctuation effect on the Hall con-
critical current density at temperatures near 77K ductivity as well as on the diagonal conductivity was investigated and

exhibits a complex dependence on sub-Tesla applied discussed in comparison with a theory by Fukuyama ef al. The fluctu-

magnetic fields and the previous history of such field ation contribution to the Hall conductivity, Ao., is negative in sign

strengths applied to samples of YBa2Cu307. The and shows a stronger singularity than Ao',, as T, is approached from

relationship of this effect to magnetic irreversibility above.

line (MIL) crossings will be discussed. The position of The magnetic-field-induced resistive state below T, is currently at-
the MIL is measured by SQUID magnetometer detection tributed to flux creep phenomenon. By a precise angular dependence
of the irreversibility point and by applied field induced study, we demonstrate a complete absence of dependence on the rel-
shift in the absorption component of the AC ative angle between current and field. This poses a serious question
susceptibility. Data from these two methods will be to the conventional picture of Lorentz-force-driven flux motion. The
compared, along with hysteresis data for several Hall effect in the resistive state exhibits a complicated temperature
different morphologies of polycrystalline YBa2Cu 307. and field dependence, including threshold behavior and sign reversal.

An explanation in the context of grain boundary M8.7
structural properties will be attempted. ELECTRICAL TRANSPORT DISSIPATION EFFECTS IN

EPITAXIAL YBa Cu3O7 .= THIN FILMS.* IL. IL C , C. E.
Phys. 2.E, L82 (1989). Klabunde, J. R_ Tompson, * H. R. Kerchner, S. T. Sekula, t

1. T. Hikata, et. al. Jpn. J. Appl. PFeenstra, and J. D. Budai, Oak Ridge National Laboratory, Oak
2. J 0. Willis, et. al. IEEE Trans. Magn. 25, 2502 (1989). Ridge, TN, and **The University of Tennessee, Knoxville, TN.

M8.4 YBa2Cu3O7- thin films, 300-350 nm thick, were produced by co-
evaporation of Y, Cu, and BaF 2 onto single crystal substrates of
SrTiO3, followed by annealing in wet oxygen at 850 *C. Depending
on processing conditions and substrate orientation, the films pos-
sessed different epitaxy and dramatically different transport prop-

DISSIPATIVE EFFECTS OF VORTEX MOVEMENTS IN YBa2Cu307 erties. The best c-axis oriented films deposited on (100) substrate
MEASURED BY MAGNETOTHERMAL EFFECTS. Izio Rosenman and surfaces had critical current densities Jc that approached estimated
Charles Simon, Groupe de Physique des Solides, U. Paris 7, Paris, material limits, with Jc > 1 MA/cm2 in zero magnetic field at
France; and Gaston Collin, Laboratoire de Physique des Solides, U. 85K. At a resistivity criterion of about 10- 11 fl-cm, Jc remains
Paris-Sud, Orsay, France. greater than 2 x 10s A/cm2 for magnetic fields H to 6T, appliedparallel to the crystalline a-b planes and perpendicular to the trans-
We have measured the heat production related to vortex movement port direction. This value is nearly two orders-of-magnitude higherWe hve easred he eatprouctin rlatd t vorex oveent than for the similar geometry with H parallel to the c-axis, for
in YBC single crystals with mass extending from 20mg to 1g when which c decreases rapidly for H >2 T.

a magnetic field is smoothly applied to the sample maintained in w
quasi adiabatic conditions. Temperatures range between 2K and Depositions on (110) substrate surfaces produced triaxial films com-
15K, and fields up to 70 KOe were applied. prised of finely divided domains having 110] and <103>-type orien-

tations. These films had significantly lower Tc and Jc values, and
We observe highly anisotropic magnetothermal oscillations (MTO) exhibited temperature-dependent critical current densities indicative
correlated to flux jumps in the sample, the flux penetration in the of thick, normal-barrier weak-link arrays. In large magnetic fields
sample being monitored simultaneously: the temperature rises and at small currents densities the dissipative response was ohmic
very fast (<2 sec) up to 20K and then falls slowly with a thermal and exhibited behavior predicted by flux creep/flux flow models,
time constant (appr. 50 sec).The period of the oscillations, ranges with the deduced pinning potential barriers varying as H-1 over a
from SKO to 1OKO depending on the crystallographic orientation wide temperature range below Tc.
relative to the magnetic field. The heat pulses occur when the *Reaearch sponsored by the Division of Materials Sciences, U.S.
magnetic pressure is sufficently strong to overcome the pinning Deparme stof Eergy the C on o . DEA C05-84 s,21400
force, then, the vortex move suddenly and rearange themself in an with Matin-Maietta Energy Systems, Inc.
order corresponding to the value of the applied magnetic field. This
motion give rise to the heat produced. The maximum temperature N8.8
attained in an MTO pulse" Is hence a direct measure of the pinnig
energy.Below a minimum field sweep velocity no MTO appear, this .OW FIELD RESISTIVE BEHAVIOR OF Bi2Sr2CaCu 2Os . R.
is related to the time dependence of the vortex motion and gives 13. van Dover, L. F. Schneemeyer, and J. V. Waszczak, AT&T
information on the rate of flux creep, this minimum corresponds to Blell Laboratories, 600 Mountain Ave., Murray Hill, NJ 07974
the value necessary to compensate the flux creep. In the low field
region (< 10 KOe) the temperature rises smoothly up to a 'easurements of the resistivity of Bi2Sr2 Ca1 Cu2OS in low
maximum below the field at which the first heating burst occurs., agnetic fields (H Ii) reveals threshold behavior. Below a
and this corresponJs to the value of the applied field necessary to eti field H the revitls smal( e e
full penetration of the field In the sample (The H' field in Bean -ertain field, Htk, the resistivity is Small (p < 10- Ps) while
model). MTO is hence an alternative method to the magnetic above this field the resistivity increases approximately linearly.
measurements for the determination of the principal parameters This behavior is observed both In single crystals and oriented
of flux penetration and flux pinning in superconductors. polycrystalline samples, at low current densities

(p < 0.1 A/cm2 ), and is Inconsistent with a description that is In

479



terms of flux creep, for which p - sinh(c'B) where c is a 149. 2

constant. The threshold field is substantially greater than Hc111, Characterization of Superconducting YBaCu(F)O Thin

and may be related to the novel vortex interactions that have Films with Three Different Orientations *

been postulated for thismaterial. XLK.Wan&, D. X. Li, D. Q. Li, Y. H. Shen, J. Q.
Zheng, R. F. H. Chang, and J. B. Ketterson,

48.9 Materials Research Center and Science & Technology
Center for Superconductivity, Northwestern

KAGNETIC RELAXATION IN Bi2Sr2CaCu2OB+X SINGLE University, Evanston, IL 60208, U.S.A.

CRYSTALS. E.Agostinelli, P.Filaci, O.Fiorani,
A.M.Testa, I.T.S.E., C.N.R. Area della Ricerca, Epitaxial thin films of YBaCu(F)O have been

Rome ,Italy; G.Balestrino, Dip. di Fisica, prepared with: (1) the a-axis perpendicular to

Universita' di Salerno, Salerno, Italy; P.Paroli, (100) SrTi3; (2) the c-axis perpendicular to (100)

Dip. d'Ingegneria Meccanica, II Universita' di SrTiO3 ; ()' the (1101 axis perpendicular to (110)

Roma, Italy; J.Tejada, Dep. de Fisica Fonamental, SrTiOi. Films were fabricated using a multilayer

Barcelona, Spain deposition technique involving three electron-guns

containing Y, BaF2 , and Cu under a pressure of

We report the results of critical current and 5x10_ Torr of 02. As-deposited films, which

relaxation measurements in a Bi2Sr2CaCu2O8+x single contained polycrystalline and amorphous regions,

crystal . were later annealed in a furnace under a flowing

Magnetization cycles were performed at different 02-H20 atmosphere. XRD patterns, SEM and HRTEM

temperatures applying the magnetic field parallel images confirm that the films are highly oriented,

to the c axis. essentially epitaxial. The a-axis oriented film

With incresing temperature the reversible regime of exhibits zero resistance at 90K and a critical

the magnetization cycles is rapidly restricted to current density of 2.9 x106A/cm
z at 4.2K while the

low fields. Jc becomes strongly field dependent at c-axis oriented film exhibits a Tc of 88K and a J,

temperatures so low as 20 K and vanishes at 30 K in of 0.9xlO A/cm
2  at 4.2K; The Jc values were

presence of moderate fields. determined magnetically. The [110-orientation film

The average pinning energy was determined by shows the sharpest transition with a transition

measuring the time decay of the zero field cooled width of 1K and zero resistance at 85K. The

magnetization at 4.2 K for different values of the relation between chemical composition, substrate

external field (1 kOe; 3 kOe; 10 kOe) applied orientation, annealing history, microetructure, and

parallel to the c axis. The decay was found to be the resulting superconducting behavior will be

logarithmic, in agreement with the classical flux discussed.

creep model. * Work supported by the NSF/S&T Center (DMR

The deduced average pinning energy decreases with 89-117), the NSF/MRC (DMR-85-20280), and the Office

the applied field: U - 2.4 *0 -3 eV for H=I kOe; 1.0 of Naval Research (N00014-88-K-0106).

10- 3 ev for H=3 kOe; 8.10 - eV for H=10 kOe.

M9.1 M9,3

ATOMIC SCALE CHARACTERIZATION OF DEFECTS AND INTER- DIRECT OBSERVATION BY TRANSMISSION ELECTRON

FACES BY Z-CONTRAST STEM. . L Pnn ok, M. F. Chisholm, MICROSCOPY OF THE EARLY STAGES OF GROWTH OF

E SUPERCONDUCTING THIN FILMS. MQ flQNg , Lisa A. Tietz,

D.. E. Jesson, R. Feenstra, D. Mashburn, D. P. Norton, 1. W. McCamy, Scott R. Summerfelt and C. Barry Carter, Department of Materials

and D. H. Lowndes, Oak Ridge National Laboratory, Oak Ridge, TN Science and Engineering, Comell University, Ithaca, NY 14853.

37831. The fabrication of high quality thin films often depends on the early stages

A new technique for high-resolution electron microscopy is providing of the growth process during which epitaxy is established. The substrate

direct information on the atomic scale structure and chemistry of de- surface structure generally plays a critical role at this stage. Many

fects and interfaces. Using a scanning transmission electron micro- observations of the high-T c superconductor film-substrate interface

scope (STEM) unambiguous images are obtained, even at interfaces, structure and chemistry have been made by transmission electron

which in many cases are interpretable intuitively. Planar defects in microscopy(TEM) of cross-sc tion samples. Ion-milling induced damage,

YBa2Cu307-x clearly exist in both interstitial and substitutional form. however, can be severe in these specimens, In the present study,the early

The first plane of the superconductor at a film/substrate interface can stages of the growth of high-T superconducting thin films of Y-Ba-Cu-O

be seen directly and correlated with the subsequent growth and final have been studied by TEM using a technique which 
requires no post-

film properties. Though structurally sharp, these interfaces can be deposition specimen preparation.

chemically diffuse. The chemistry of low-angle tilt boundaries has Ultra thin films (l0nm) were deposited either by laser evaporation from

been investigated and correlates with the critical current behavior. At stoichiometric bulk samples or by electron beam coevaporation of the

low tilt angles an array of partial dislocations results in a fraction of the metals directly onto self-supporting, ion-thinned, single-crystal ceramic

boundary area having the correct 123 structure, the remainder having substrates. The prepared thin foil substrates were chemically cleaned and

a faulted structure. At higher tilt angles these dislocations collapse into annealed prior to deposition to remove damage resulting from ion-milling.

triangular amorphous zones which are chemically identical to the The annealing temperature was chosen to induce surface faceting of the

adjacent 123 phase. This is therefore an intrinsic structural relaxation substrate leading to a stable well-defined morphology. The substrates

and is not due to impurity segregation. investigated include (001)-oriented MgO, (001)-oriented SrTiO3 and the

technologically impor.ant (100)-oriented LaAIO 3. The films were

We have found evidence for anisotropic solid-phase-epitaxial growth examined using TEM in order to determine the film orientation,

following ion implantation. Along the c direction, growth is slow and composition and microstructure.

surface nucleation of polycrystalline 123 material occurs. Growth par- Standard films, 200 nm thick, were prepared under identical conditions to

allel to the c planes occurs fast and would allow materials modification the ultra thin films. These films were superconducting as formed, having

through conventional ion implantation and thermal processing. critical temperatures above 80K.

Preliminary experiments on layer-by-layer deposition using a rapidly

rotating multiple target and timed pulsed laser ablation will be
described.

*Research sponsored by the Division of Materials Sciences, U.S.

Department of Energy under contract DE-AC05-84OR21400 with Martin

Marietta Energy Systems, Inc.
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Mg. 4 crystallizes from glasses, then transforms into Bi2 CaSr2Cu2Os phase (Tc

CHARACTERIZATION OF CROSS-SECTIONS OF TlBaCaCuO - 80 K) and Bi 2Ca 2 Sr 2Cu 3Oo phase (Tc - 110 K) results from the

THIN FILMS ON MgO SUBSTRATES BY ANALYTICAL AND dissolution of Bi 2CaSr 2Cu2Os phase and the liquid phase. The Bi(Pb)-
Ca-Sr-Cu-O ceramic fibers with zero resistance at above 100 K have been

HIGH RESOLUTION ELECTRON MICROSCOPY. M e prepared by heat treated the glass fibers in the low oxygen atmosphere.
M. Lanham, T.W. James*, A.G. Evans, and M. Ruihle**, The effect of microstructure on the the critical current density Jc of the
Materials Department, University of California, Santa Barbara, fibers have been studied. Finally the mechanical properties of glass fibers
CA 93106; * Superconductor Technologies Inc., 460 Ward and glass ceramic fibers will be presented.
Drive, Santa Barbara, CA 93111; ** now at: Max-Planck-Institut
fuir Metallforschung, D-7000 Stuttgart 1, F.R.Germany. 19.8

DEVELOPMENT OF A COMPOSITE TAPE CONDUCTOR OF Y-Ba-Cu-O,*

Cross-sectioned TEM specimens of thin TIBaCaCuO super- R.D. Blaugher, D.W. Hazelton, J.A. Rice, Intermagnetics

conducting films on ceramic substrates have been obtained General Corporation, Guilderland, NY.

using a newly developed preparation technique. The super- Samples of a "prototype" composite tape conductor have
conductor/substrate interface as well as grain boundaries and been successfully prepared consisting of a layer of (123)
defects in the superconductor have been characterized by Y Ba 2 Cu 0 on a Ni substrate with an MgO buffer layer.

means of analytical and high-resolution electron microscopy. Layers o? 13 were applied to the MgO/Ni substate using
either a powder precursor technique or vapor deposition.
The composite samples were initally sintered at 910C and

The c-axis of all investigated TlBaCaCuO grains was found to equilibrated in oxygen at 450*C. These samples
be perpendicular to the interface and parallel to a cube axis of demonstrated promising mechanical properties with good
the MgO substrate. However, results of measurements of the adhesion to the substrate, tolerance to thermal cycling
angles between the axes of both materials in the planes parallel and ability to withstand nominal bending deformation
to the interface indicate that no epitaxial orientation relation- without any cracking of the superconductor. The
ship exists. EDX analysis and lattice images show no indication superconducting properties showed 123 orthorhombic

formation with Tc onset between 60 and 92K. The
for impurity segregation or the formation of an amorphous depression in Tc onset for some of the samples was

layer at the interface and along grain boundaries. attributed to high Ni and Mg diffusion into the 123.
Additional melt processing was performed to improve the

The presence of intergrowth was confirmed by high-resolution current density, maintain superconductor continuity and
electron microscopy. In addition, planar defects are formed due preserve the mechanical properties. Preliminary

to a faulted sequence of the individual atomic layers perpendi- transport easurements on selected samples have exceeded
cular to the c-axis. The chemical nature of such defects couldbe 1,000 A/cm at 77K. This paper will review the results

to date and discuss the potential for fabricating long
determined by a quantitative evaluation of high-resolution lengths of conductor with technologically useful current
micrographs. density.

M9.5 ABSTRACT NOT AVAILABLE *Supported in part by SDIO Contract SDIO 84-88-C-0049 and

M9. 6 an award from NYSIS in conjunction with NYS ERDA.

THE PREPARATION OF Bi 2Sr2CaCu 2O8 FIBERS BY THE FLOAT M9. 9
ZONE PROCESS. Linda Moulton, Joseph Brenner, Material Science PREPARATION OF HIGH Tc OXIDE SUPERCONDUCTING TAPE BY RF
Dept., Stanford University, Stanford, CA; Perla Peszkin, Robert S. MAGNETRON SPUTTERING. M-Fukutomi,Y.Tanaka,T.Asano,H.Maeda,
feg.on, Center for Materials Research, Stanford University, National Research Institute for Metals,Tsukuba Laboratories,
Stanford. CA; and Dan Gazit, Nuclear Research Center Negev, P.O. Tsukuba-shi,lbaraki,Japan and H.Takahara,Mitsui Mining &
Box 9001, Beer Sheva 84190, Israel. Smelting Co. LTD.,Central Research Laboratory,Ageo-shi,

Sai tama ,Japan
A miniaturized float zone process using laser heating has been found to

have potential for producing Bi2Sr2CaCu2O8 fibers which can carry The feasibility of preparing YBaCuO and BiSrCaCuO films
high critical currents.() Growth stability and rate are two key issues on metallic substrates was discussed in an attempt to fabri-
which need to be addressed if suitable samples are to be produced for cate a superconducting tape. Deposition method employed
both property evaluation and prototype devices. Studies on the was an rf magnetron sputtering. Mg0 buffer layers were
influence of growth rate on structure and properties will be discussed, found to be a favorable choice to prevent the adverse
along withtheeffectsofgrowthatrosphereandpost-growth annealing, reaction between the superconducting film and the underlying
For the growth of small diameter fibers (- 30 g±m), starting material substrate. The MgO buffer layers used had a (200) preferred
density, homogeniety, and size are critical issues to the growth of long grain oritation. Particular attention was given to the
lengths of high quality fiber. Work on different strategies for starting preferential resputtering effect due to the bombardment of
material preparation will also be discussed. negative ions during sputtering. The substrate-cathode

configuration used to achieve stoichiometric film composition
1) R. S. Feigelson. D. Gazit, D. K. Fork, and T. H. Geballe, was described. Highly oriented YBaCuO films have been
"Superconducting Bi-Ca-Sr-Cu-O Fibers Grown by the Laser-Heated obtained on a Hastelloy-X tane with a Mg0 buffer layer.
Pedestal Growth Method," Science, Vol. 240, 1642 (June 17, 1988). The highest zero resi :tance tem~perature obtained so far of

M9.7 the YBaCuO thin films on a metallic tape was 8l.OK in its as
grown state, and a critical current density was 200 A/cml

1IIOK Bi.Ca-Sr-Cu-O0 SUPERCONDUCTING FIBERS BY at 77.4K and l06 A/cm 2 at 60K. Priliminary results of
GLASS-TO-CERAMIC PROCESS. Hiiiny Zheng Yi Hu, Yun- YBaCuO films deposited on a bundle of Chromel fine wires were
Seung Choi, Ren Xu, Patrick Lin and J.D.Mackenzie. Department of also reported.
Materials Science and Engineering, University of California-Los Angeles,
Los Angeles, CA 90024 In the Bi-Sr-Ca-Cu-O system, superconducting films with

A major part of applications of high-Tc superconductors requires the Tc of 70K were prepared on silver tapes. Studies have been
materials in the form of wires or fibers. The glass formation of Bi(Pb)- f6cused on the development of buffer layers which can
Ca-Sr-Cu-O system provide the opportunities to fabricate the materials withstand high temperature post annealing processes without
into the fibers by the well developed glass-to-ceramic technology. In this the degradation of the superconducting films.
work the melt-spinning technique to produce Bi(Pb)-Ca-Sr-Cu-O glass
fibers will described. The studies of the thermal analysis, x-ray diffrction
and SEM techniques suggest that Bi 2Sr 2CuO 6 phase (Tc < 22 K) first
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M9 .10 M0. 1

PROCESSING AND PERFORMANCE OF METAL-CERAMIC THIN FILM PROCESSING FOR HIGH-Tc SUPERCONDUCTORS
FIBER REINFORCED HIGH TEMPERATURE SUPER- OF Bi-SYSTEM. Kivotaka WASA Central Res. Labs.
CONDUCTOR. S. Salib. C Villulanandan, and T. Stone. Texas Matsushita Electric Co. Ltd., Moriguchi, Osaka
Center for Superconductivity, University of Houston, Houston, Texas 570, Japan
77204-5506.

Basic thin film deposition processes for the high-
Growing large single crystals of the superconducting Yttrium-Banium- To superconductors of Bi-systems are described in
Copper oxide (YBa2Cu3O7-8) phase is difficult and hence there is relation to their structure and superconducting
continuing interest in the fabrication of bulk components from sintered properties. For the rare-earth high-Tc
polycrystalline aggregates of the superconducting material. superconductors YBC the thin film deposition
Aggregation of YBa2Cu3OT-8 powder by compact molding and processes are classified into three processes:
sintering results in a porous ceramic with poor mechanical properties 1) deposition below crystallizing temperature
andhenceimprovingtheceramicpropertiesisofinterest. followed by annealing [process (1)],

2) deposition above crystallizing temperature

It has been clearly demonstrated that Silicon Carbide (SiC) whiskers followed by annealing [process (2)],

significantly improved the stregth of ceramics without improving their 3) deposition above crystallizing temperature

ductility. On the other hand, steel fibers could improve the ductility. without postannealing [process (3)).

The objectives of this study were to investigate the improvement in the For the Bi-sy stem there appear several

mechanical properties of the superconducting ceramic due to metal, BiSrcCa ting and the high-Tc phase
ceramic, and metal-ceramic fiber reinforcements. Beam specimens . 2 Sr2 Ca 1 2 xCu2 as

eBir 2 CaCu 0x  Thin films with these
60 mm long with 13-mm square ross-sections were prepared at superconaucing phases are synthesized by a
various porosities by varying the uniaxial compaction pressure. The selection of the substrate temperature Ts during
fibersweremixedwiththecalcinedpowderandcompacted, sintered, the deposition in the process (1) and/or (2): the
and then allowed to cool at a slow rate. The SiC content was varied tip high-T 0phase with Tc=100 K is synthesized at
to 25% by volume and steel percentage was limited to 3% by weight. Ts>800 C; the low-Tc phase with Tc=80 K, at
In order to limit the reaction between the continuous steel Ts<600 C. However, these films often comprise
reinforcements and superconducting ceramic, silver (Ag) coating was intergrowth structure between the lifferent

used. The mechanical properties of the specimens were evaluated by 3- superconducting phase.

point beam tests. Performance of the fiber-reinforced ceramic The close control of the superconducting phase has
been achieved by the layer-by-layer deposition in

composite was evaluated at 77 K and 300 K. followed by the atomic layer epitaxy process. XPS analyses
microstructural studies. suggest that their superconducting properties are

governed by the valence of Cu which could be
The effect of steel and SiC fibers on the mechanical and electrical controlled by the deposition and/or postannealing
properties has been verified in terms of the fiber content. Steel and SiC process.
fibers had no measurable effect on the critical temperature and Meissner
effect of the superconducting ceramic. While SiC ceramic increased the M10. 2
strength, the steel fibers improved the ductility. PROCESSING AND PROPERTIES OF Bi-Sr-Ca-Cu-Oxide

SUPERCONDUCTING THIN FILMS. D.A. Rudman, J.T.
M9.11 Kucera, M.M. Matthiesen, D.G. Steel, L.M. Rubin,
PREPARATION OF HIGH Tc Bi-Pb-Sr-Ca-Cu-O SUPERCONDUCTING D.W. Face, J.M. Graybeal, T.P. Orlando; M.I.T.,
FIBER BY LASER HEATED PEDESTAL GROWTH METHOD, Cambridge, MA 02139.
K.Tomomatsu, A.Kume, H.Tominaga, Fujkura ltd. hiba,Koto-

ku,Tokyo 135, Japan We have investigated the processing conditions
necessary to produce superconducting thin films in
the Bi-Sr-Ca-Cu-O s, em by sputter deposition.

Highly oriented Bi-Pb-Sr-Ca-Cu-O supe~onducting Films with compositions of Bi 2 Sr 2 CaCu 2 O (2212)
fibers including the high Tc phase have been prepared by and Bi 2 Sr 2 Ca Cu O (2223) are depositeda by co-
laser heated pedestal growth (LHPG) method, depositlon from metallic targets onto single

The fibers with 0.2-0.5m diameter have been grown crystal MgO and polycrystalline Ag substrates.
from a small melting zone at the top of the sintered rod The formation of the superconducting phase is very
whose nominal composition was Bil. 5 Pb0 .5 Sr 2 Ca2 Cu3 Oy. The sensitive to the exact processing conditions
as-grown fiber had highly oriented structure, though it (time, temperature and oxygen partial pressure) in
did not show any superconducting transition. The result the post deposition anneal, leaving a relatively

narrow processing window for the formation of
of DC SQUID measurement of the fiber annealed at 850C optimum material. For the 2212 phase, the films
for 100 hours exhibited the superconducting transition are nearly single phase and highly textured (c-
at 110K and 75K corresponding to both the high and the axis norial, with Tc(R-O)-84 K and J (77 K, H-O) -
low Tc phases. The annealed fiber maintained the 10 A/cm . For the "2223" phase The films are
orientation, and the convergence measured by XRD of the formed without lead, and are a mixture of 2212 and
high Tc phase's a-b plane from the longitudinal 2223, with a Tc(R-O)-106 K. We have used these
direction was less than +5". films to study transport properties in theseMeanwhile, we have investigated the pseudobinary systems. The critical current is highly

ane , anisotropic with applied field direction, and
phase diagrams near the composition for the low Tc shows evidence of flux lattice melting at high
phasel l ) and the high Tc phase. The obtained phase temperatures, similar to mingle crystals. These
diagrams suggest that only the low Tc phase can be films are also being used to fabricate simple
solidified from the liquid phase, therefore the grain boundary SQUID'S, and results from these
annealing process is needed to yield the high Tc phase. devices will be reported.
The relationships between the composition of the initial
rod, fiber growth condition, post-annealing condition
and the characteristics of the fiber will be also
discussed.
[I K.Tomomatsu et al, Appl. Phys. Lett. to be published
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M10. 3 M10.5

HIGH-TC UNDOPED AND PB-DOPED BI-SR-CA-CU-O THIN THE SYNTHESIS OF THE HIGH-T, PHASE OF Bi-Pb-Ca-Sr-
FILMS PREPARED BY ORGANOMETALLIC CHEMICAL VAPOR Cu-O THIN FILM BY SINGLE TARGET MAGNETRON
DEPOSITION. J.M. Zhang, H.O Marcy, L.M. Tonge, B.W. Wessels. SPUTTERING.* R.L.M.en, Li Gao, P. H. Hor, Y. Y. Sun, Y. Q.
T.J. Marks, and C.R. Kannewurf, Center for High Temperature Wang, and C. W. Chu, Texas Center for Superconductivity,
Superconductivity and Materials Research Center, Northwestern University of Houston, Houston TX 77204-5506.
Uiiversity, Evanston, IL 60208

The greater chemical stability of the Bi-Ca-Sr-Cu-O
Highly oriented films of the high-Tc undoped and Pb-doped Bi-Sr- (BCSCO) to the ambient environment may make BCSCO a
Ca-Cu-O (BSCCO) superconductors have been prepared by good material for HTS applications, prvided techiques can
organometallic chemical vapor deposition (OMCVD) using the be developed for the synthesis of single-phase material
volatile metal-organic precursors Cu(acetylacetonate)2, or of material with zero resistance at temperatures > 77K.
Sr(dipi,,aloylmethanate)2, Ca(dipivaloylmethanate)2, triphenyl A single target rf magnetron sputtering technique has
bismuth, and tetraphenyl lead. Deposition is carried out at 2 torr thus been used in conjunction with fine-tuning the
with argon as the carrier gas and oxygen and Water vapor as
reactants. For Pb introduction into BSCCO films, two OMCVD sputtering conditions and starting target composition. We
approaches have been investigated. In the first approach, Pb is have succeeded in preparing Pb-doped BCSCO films on
introduced by alternating OMCVD deposition of BSCCO and the (100) MgO-substrate with an onset-temperature
PbOx films. In the second approach. Pb is incorporated into an above 107K and a zero resistance temperature above
OMCVD-derived BSCCO film by vapor diffusion using PbO as the 95K. These films exhibit a critical current density of
source. After post annealing, energy dispersive x-ray analysis -5xl0 4 A/cm2 at 77K. Structural analyses by X-ray
indicates most of the Pb originally doped into the films is lost. X- diffraction show a strong preferred orientation with the
ray diffraction data and scanning electron micrographs reveal that c-axis perpendicular to the film. The results demonstrate
Pb doping significantly improves the film morphology and
crystalline orientation in such films. Both types of films on 100] that the optimization of the target compositio and of the
single crystal MgO consist predominantly of the Bi2(Sr,Ca)3Cu20x annealing condition over a narrow temperature region is
phase and have high preferential orientation of the crystallite r, critical. The effects of sputtering condition, composition
axes perpendicular to the substrate surface. Four-probe resistivity Pb-doping and thermal annealing will be presented and
measurements indicate the onset of film superconductivity at - 110 discussed.
K and zero resistance by 80 K. Possible mechanisms for the
improvement of BSCCO films due to Pb-doping will be discussed. * Work supported in part by DARPA and TCSUH.
Effects of different reactant gases (e.g. N20, 02 and H20) and
different substrates on the superconductivity of OMCVD-derived 1410.6

BSCCO films will also be reported. MOLECULAR BEAM EPITAXY OF LAYERED Bi-Sr-Ca-Cu-O
COMPOUNDS. D.G.Schlom, J.T.Sizemore, A.F.Marshall,

M10.4 Z.J.Chen, J.S.Harris,Jr., J.C.Bravman, M.R.Beasley,
PREPARATION OF Bi-Sr-Ca-Cu-O SUPERCONDUCTING THIN T.H.Geballe, Stanford University, Stanford, CA
FILMS BY MOCVD. Shinji Gohda and Yasuhiro Maeda, 94305; and J.N.Eckstein, I.Bozovic, K.E.von
Hoxan Research Laboratories, Hoxan corporation, Dessonneck, Varian Research Center, Palo Alto, CA
5-2 Kikusui, Shiroishi-ku, S pporo 003 Japan. 94303.

Bi-Sr-Ca-Cu-O thin films have been prepared on We have grown smooth epitaxial films of Bi-Sr-Ca-
MgO substrates using a MOCVD technique at low Cu-O compounds in a modified molecular beam epitaxy
pressure. It was found in this experiment that (MBE) machine. Some of the films grown in this way
composition ratio and crystal structure of thin were superconducting as grown. Four conventional
films could be exactly controlled by the resistively heated furnaces were used to provide
evaporation temperature of source materials, the stable fluxes of the constituents. Ozone was
flow rate of carrier gas argon, the temperature introduced close to the substrate during growth.
of substrates and oxgen partial pressure. By It provided sufficient oxidation for the in situ
changing these conditions, it was possible to growth of superconducting films. The molecular
construct various crystal structure of thin films beams (with the exception of the ozone beam) were
,high-Tc phase (c=37A), low-Tc phase (c=30A) or a periodically shuttered in order to encourage c-axis
mixed phase of these. High-Tc phase films had the growth of Bi2Sr2CanCun+lOx phases. In situ
composition ratio of approximately Bi2Sr2Ca 2Cu 3Ox reflection high energy electron diffraction (RHEED)
I on the other hand , low-Tc phase films were was used to study the crystal structure of the
obtained within wide range of composition ratio. films during growth under a variety of growth
Triphenylbismuth for Bi and 0 -diketone metal conditions.
chelates for Sr, Ca and Cu were used as source
materials. Thin films were deposited on (100) X-ray diffraction indicated that films grown in
MgO substrates at the temperature between 8006C this .ay contained layered 2201, 2212, 2223, and
and 850 0 C. The film thickness was about 3000A. 2245 - like phases. Cross-sectional TEM images of
Tc(onset) of 115K and Tciend) of 81K could be these films confirm the ability of this technique
obtained for a film with the mixed phase of high- to grow metastable layered structures.
Tc phase and low-Tc phase in as-deposited state. M10.7
X-ray diffraction showed that this film had a
good crystallinity with the c-axis perpendicular Applications or Rapid Thermal Processing (RTP) to High
to the substrate. The composition ratio of the Temperature Superconductors, D..Ginicy, J. F. Kwak, E. L.
film was approximately BilSrCa Cu2O X . Jc of the Veniwini, R. J. Baughman, and B. Morosin, Sandia National Laboratories,
film with Tc(end) of 81K was 1.Oxl 3 A/cm2 at 77K. Albuquerque, NM 87185, and J. W. Halloran and M. J. Neal, CPS

Superconductor, Inc., Milford, MA 01757
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We report the application of rapid thermal processing (RTP) to the Y-Ba- very much on the heat treatment and the chemical composition. For
Cu-O and TI-Ca-Ba-Cu-O systems for spun wires, thick and thin films. In examples: We observed more rod or long needle-like microstructure
all cases, we have been able to produce superconducting material while in the Ba-enriched sample. If the film was deposited on a Y-ZrO2
operating in a non-equilibrium thermodynamic regime. Using conventional
sintering, the Y-123 materials suffer from the problems of oxygen loss and instead of on a MgO substrate, we observed that a longer annealing
undergo an orthorhombic to tetragonal phase transition during cool down. time and a higher annealing temperature are needed in order to form
Similarly, the TI HTS materials show pronounced TI loss at the the Tl2 Ba2 Ca 2 Cu3 O 0 phase.
temperatures where sintering and film growth occur. RTP of spun Y-123
wires for 1 sec. at 1025 °C under oxygen has produced excellent grain A detailed x-ray, electron micro-probe, and scanning electron mi-
growth and Tc of up to 92K with no further processing. The normal state

rivcroscopy were Carried out to evaluate the structure of superconduct-resistivity is typically > Im.a-cm and the highest critical current to date h ing phases formed for each annealing condition. The interrelationbeen 300 A/cm 2 , leaving room for substantial improvement. RTP of TIHTS thin films 0.3 I thick has shown no TM loss with 1-2 sec processing between the microstructure, crystal structure, and composition will
times at the melting point of the films (9500C) and zero resistance to 60K be presented.
has been obtained. RTP is shown to be a new alternative for HTS
processing with enhanced control of morphology and texture and the The work was supported by NASA Lewis Research Center Grant
potential to produce high quality films on low cost, potentially reactive NAG3-866, and by the University of Nebraska Foundation.
substrates.

M10..lO

This work was performed at Sandia National Laboratories, supported by the ATOMIC RESOLUTION ELECTRON MICROSCOPY OF Bi-
U. S. Department of Energy, Office of Basic Energy Sciences, under AT ESO ELECTRON B.G.BagleyMICRSCO FBellcore, Red Bank, New Jersey 07701;
M140.8 C.J.D.Hetherington, B.Simion and G.Thomas, National

Center for Electron Microscopy, Materials and ChemicalA NEW HYBRID PVD/OMCVD ROUTE TO HIGH-T c SUPER- Sciences Division, Lawrence Berkeley Laboratory, I
CONDUCTING THIN FILMS OF TI-Ba-Ca-Cu-O. D.S. Cyclotron Road, Berkeley CA 94720.
Richeson, L.M. Tonge, X.K. Wang, H.O. Marcy, oJC
Marks, R.P.H. Chang, J.B. Ketterson, and C.R.
Kannewurf, Science and Technology Center for We report recent results of electron microscopic studies
Superconductivity and the Materials Research on the Bi based cuprates. Using HREM in conjunction with
Center, Northwestern Univ., Evanston, IL 60208 conventional electron microscopy and microanalysis,

different types of defects have been characterized. TheSuperconducting thin films of Ti-Ba-Ca-Cu- have superconducting phase exhibits frequent variations in thebeen prepared by a unique hybrid technique that stacking sequence. Dislocations, observed inside thecombines electron beam evaporation with organo- grains, either introduce or accommodate the shear in themetallic chemical vapor deposition (OMCVD). a-b plane and the local composition fluctuations. GrainMultilayer thin films of Ba-Ca-Cu-O are prepared boundaries along the short edge are generally disordered,by sequential evaporation of BaF2, CaF2, and Cu whereas those near the long edge generally have a thinsources onto single crystal MgO (100) or yttria- layer of the lower Tc polytypoid with the a-b plane asstabilized zirconia (YSZ) sastrates followed by the grain boundary plane. Coherent intra-granularannealing in a water vapor saturated oxygen boundaries (most likely rotational) at the BiO layer areatmosphere. Thallium is then incorporated into also observed. The deects we observe and havethese films in either of two ways: (1) rapidobevd Th dfct we bsread aetheseefilgsofnteitheraof-twfilain:the) resence characterized in polycrystalline samples, will beanealing of the Ba-Ca-Cu-O film in the presence contrasted and compared with those observed in thinof bulk thallium superconductor or (2) via OMCVD films deposited by evaporation techniques and single
using (cyclopentadienyl)thallium as the source. fils depied by evaporonthn
The resultant films consist of predominantly crystals prepared by flux growth.
single phase TllBa2 Ca2 Cu30x with the Cu-O planes The work at Lawrence Berkeley Laboratory is supported
preferentially oriented parallel to the substrate
surface. Resistivity measurements indicate by the Director, Office of Energy Research, Office of
superconducting onset temperatures above 120 K Basic Energy Sciences, Materials Sciences Division of the
with zero resistance by 104 K. By eliminating U.S.Department of Energy under contract No.
the water vapor anneal, residual fluoride, DE-AC03-76SF00098.
originating from the sources, may be left in the M1011
film. This leads to formation of predominantly
c-axis oriented crystallites of the TlIBa2 CalCu2 - STUDY ON THE ELEMENTARY STEPS OF THE EPITAXIAL
Ox phase. Effects of different substrates and GROWTH OF Bi-Sr-Ca-Cu-O ON THE SURFACE OF Si AND
annealing conditions on the properties of these MgO BY MEANS OF RHEED AND PHOTOELECTRON SPECTRO-
hybrid Tl-Ba-Ca-Cu-O films will also be SCOPIES. Takashi HANADA, Maki KAWAI, Tsutomu GODA
discussed, and Shousuke TERATANI RLEM, Tokyo Institute of

M10.9 Technology. Midori-ku, Yokohama, 227 ; The Insti-

THE EFFECT OF ANNEALING CONDITIONS ON MAGNETRON tute of Physical and Chemical Research. Wako-shi,
SPUTTERED SUP7RCONDUCTING TL-BASED THIN FILMS*.
S.H. Liou Department of Physics, University of Nebraska-Lincoln, Copper contained oxide superconductors are known
Lincoln, NE 68588-0111 to have layered structures. Successful attempts of

forming various layered structures on substrates
There are many superconducting phases in the TI-Ba-Ca-Cu-O sys- such as SrTiO 3 or on MgO in the case of Bi-Sr-Ca-

tem, in particular the Tl2Ba 2 Ca2 Cu010 phase has demonstrated su- Cu-O superconductor have been reported so far. In
this paper, an attempt to elucidate the elementaryperconductivity up to 125K. The annealing steps have been shown to this p a tept to dte the mnasteps of the epitaxial growth during the film

be a crucial determinant of film quality. In this study, we discuss the formation by means of RHEED, XPS and UPS is repor-
formation of the superconducting phase of TI-based films with sys- ted. Clean surface of Si (001) and MgO(O01) are
tematically varied poet-annealing temperature and annealing time. obtained. Surface structure and the electronic

states of Bi. S. Ca or Cu overlayers evaporatedThin films ofT 2Ba2CaCu2OandT 2Ba2Ca2CU3 10 wereroutinely on are observed and the surface reaction between
prepared on a wide variety of substrates (Y-Zr0 2, MgO, and SrTi03  these surface and 02 or N20 are examined. The
etc.) The microstructure and crystal structure of the films depend surface dangling bond of Si decreases by Bi evapo-
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rat ion and disappears at the surface coverage o f Upon exposure to Laboratory ambientfor a ew minutes, the Tasurface oxdizes
uni ty. Further increase in the coverage causes to formna relatvely low resistance (-lfQfor 1MM2) tunnel barrer. This barrier is
the formation of new state by Bi overlayer. reproducible, insulating and continuous since asharp Pb gap and phonns from
Introducing oxygen on to this surface at 400 'C the Pb counter-electrode are routinely observed.
leads to the silicon oxide formation in the region
of G <1, and that of bismuth oxide ini9>l region. M11.2
At t9=1, where the dangling bond of silicon was MAN1I = IW NYa2)3XFMScompletely compensated by the Bi, neither Si nor H. R. Keyi R. Fenta J. 0. 7homso, ** J. R.B i was oxidized. Cu oxidatio~ on MgO(O001 by 2tuso,* D. K. Chitn S. T. Selaila, and L. A.oxygen was also examined. Cuq was formed when Boatrar, Solid state Division, oak Ridge Natina0(1. and with rather low temperature (150*C). Laboratory Oak Ridge, 7N, andi **Thl~e Univrsity ofRaising teperature to 490*C leads to the re uc- Tn~aIcie h
tion of Cu oxide to Cu*- oxide and to the Cu8. Tnese QmvuT

M410. 12 Tte magnetic hysteresis was stud~ied at aud~io frequencies
for Y2Q-I30 x film of different qitaxial orientations aTEM STUDY OF CVD-GROWN Bi-Sr-Ca-Cu-O THIN FILMS ON single-crystal SrTO. 3 anxi KI'a0 3 substrates. Depositioni by

(001)1 MgO SUBSTRATES. 0. Ueda, T. Kimura, H. coevaporatian of Y1, BaF2 , and i was follwe by an antnealYamawaki, M. Ihara, and M. Ozeki, Fuj itsu in floing, wet oxygen at 800-850 c. low avpli ,Laboratories Ltd., 1 0-1 Morinosato-Wakanaya, reversible ac ree gives evidence of strong fluxAtsugi 243-01, Japan pinrnirq, wile high amplitude, hysteretic rsone is used
to obtain the limited critical current density Jc.CVD-grown Bi-Sr-Ca-Cu-O thin films on (001 ImgO Magnetic flux creep, manifest in the audzio-frequtenzy data,substrates with T~ at 110K have been structurally is clearly evident in dc magnetizatixt data an the mmevaluated for th~e first time by transmission samples.

electron diffract ion(TED) and high resolution
transmission electron microscopy(HRTE4I. Exlusiam of small ac magnetic field is nearly identical

for all samples and only weakly depend~ent upon the large dcFrom plan-view observation, the thin films are field aixi upon teqxierture-. In cmtrast th Jc di"%
found to consist of large domains oriented in the fromn the high amplitud~e ac: resne is senitive to film
c-axis, with diameters of 15-100 pm. It is also orientation andi grain morphology. It fits a scaling lawproved that there are two dominant orientation widely used for describing %aSn and siost other A15
relationships between the domains and the materials.
substrate, i. e., a or b axis in the domain ___
corresponds to the <100> or (110> direction of the *Research spartsored by the Division of Materials Sciences,
MgO substrate within 100. These domains exhibit U.S. Deament Of Energy under contract DE-AM5-840M400
incommensurate order along the b-axis. In with Martin Marietta Energy Systems, Inc.
addition, we have observed microdomains in which
the a-axes are oriented normal to each other. 2411.3

Cros-setionl oseratio inicaes tat he. CRITICAL CURRENT DENSITY AND MICROSTRUCTURE OFCnrfa-scbtwen thservthin findcthes statte, YBa Cu3O0 THIN FILMS AS A FUNCTION OF FILM THICKNESS.
is very abrupt. Intergrowths of five different A. Reserchandevlopmen Turner, , E.L. hll, ady N.Ye.s
perovskite-related layers along the c-axis with C eerhadDvlpetCneShncay Ydifferent thickness are successfully observed. The critical current density (J ) of the best quality
in the thin film, 80K phases with c=3.0 nm are thin fim fYBa2 O CuBC0 on W~gle cpystalaominant~~~~~~~ an O1K phases with c=3.6 nm are less SrTiOfihas beenrpre oeced1 c t7K

likely, which is very consistent with the results Byce3 oaio fY s and Cu an otnelg
from X-ray diffraction. Three other phases are at 8500C, we have made thin films of YBCO on SrTiO
very rarely observed. Furthermore, boundaries with zero resisgance tgansition temperatures of 901 and
where the layered structure is different on both J exceeding 10 A cm- at 77K for a film thickness of
sides are often found. agout 0.5 pm. Sample thickness was varied from about

Mll .10.2 pm to 2.5 pm. J is observed to decrease rapidly
Ml 1.1for the thicker samies, with little or no chanie in -2

PROXIMITY-EFFECT AND TUNNEUNG IN YBa 2 CU3O7 /METAL LAYERED transition temperature. J decreases to 3 x 10 A cm
STRUCTURES. LHGenW.L Feldmann, J.B Bamer, LA. Farrow, P.F. Miceli, for the thickest sample . he room temperature resis-
R. Ramesi', B.J. Wilkens, B.G. Bagley, Bellcore, 331 Newman Springs Rd., Red tivity of the films increases with increasing thick-
Bank, NJ .07701, m. Giroud. CRTBT-CNRS, Grenoble, FR. and .l.M. Rowell, ness.

Condctu, SnnyvleCA.Planar and cross sectional samples were prepared and
Superconductive tunneling into high-Tc films Is hampered by ft short coherence investigated by transmission electron microscopy toe determine the microstructure as a function of filmlengths and non-superconducting surface layers. These properties together thickness, and to correlate these findings with thecause a dramatic depresson of the order parameter at the free surface. A normal electrical transport measurements. The 0.2 and 0.4 gmmetal In close proximity to the high-Tc surface should allow the observation of a films were epitaxial single crystals with the YBCO c-proximity gap. Therefore, we are fabricating Superconductor-Nomal-insLator- axis normal to the film plane. Above 0.4 pm in thick-
Superconductor (SNIS) Layered structures for proximity tunneling spectroscopy. ness, the films cons isted of an - 0.4 pum layer adjascent
Superconducting films 0f YBa2 CU3O, are grown In-situ by rf-magnetron to the substrate with the c-axis normal to the film
sputtering from a single, composite target. The films, grown on (001)-MgO plane, on top of which was epitaxial material with the
substrates, are shiny and highly oriented. X-ray analysis shows resolution limited c-axis in the plane of the film. The thickness depen-
rocking curves of <.3*. Micro-Raman scatering of ultra-thin films (<2ooA) dence of the critical current density is in qualitative
shows the films are twinned with a-b axes lyn In the plane, parallel to the (010) agreement with the microstructural. observations.
edges of the substrate. The microstructure, as determined by TEM cross-
sectional analysis, shows a high degree of c-axla ep"x and an lntergrowth
structure with c-axis values ranging from 11.7 to 13.5 A. Small area (5x10 65cmii)
SNS Junctions of YBCO/Au/Pb show supercurrenta (with f. 's ranging from
<401&.A to -ImrA for 150 to 300 A thick Au) as well as Shapiro steps, Indicative
of a proximity Josephson junction. The SNIS structures for proximity tunneling
spectroscopy are fabricated by In-situ growth of YDCO/(Au or Ag)/Ta trilayers.
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M1.4 Olivier Brunner, Louis Antognazza, and ystein Fischer,

MICROSTRUCTURE AND PROPERTIES OF MIXED YBa2Cu3 Universit6 de Geneve, DPMC, 24 Quai E.-Ansermet, 1211
O7-x AND Y2Ba4Cu8O16 THIN FILMS. Ma , A. Geneve, Switzerland.
Kapitulnik, Stanford University, Stanford, CA 94305; K. Char, R.W. We have prepared in situ YBaCuO and DyBaCuO thin films and
Barton, Conductus, Inc., Sunnyvale, CA 94086; and S.S. YBaCuO/DyBaCuO superlattices by single target dc magnetron
Laderman, Hewlett-Packard Co., Palo Alto, CA 94304 sputtering. For the single thin films, the orientation per-

pendicular to the surface is either c-axis, mixed a- and
Studies on the formation of the YBa2Cu307-x (123) and c-axis, and (103) depending on the choice of the substrate.
Y2Ba4Cu8O16 (248) phases in post annealed Y-Ba-Cu-O thin Tco's are between 87 and 90K, residual resistivity ratios
films have shown that a variety of mixed phase faulted and between 2.5 and 3. For the epitaxial (103) films prepared
unfaulted structures can occur depending on the source materials, on (110) SrTi0 3 , x-ray diffraction pole figures show that
film stoichiometry and annealing temperatures. These structures these layers are single crystals with the [010] direction
are of interest both because they give information about the parallel to [001] SrTi0 3 and thus the CuO planes make an
mechanisms of phase transformation to the 123 and/or 248 angle of 45" with the normal to the film surface. Absolute
phases, which compete in a given synthesis regime, and because values of the resulting anisotropic resistivity have been
they sometimes exhibit new superconducting properties. Highly extracted by the Van der Pauw and Montgomery method. The

upper critical fields are markedly different from those of
faulted mixed phase films, for example, can have Tc's of 95-96 K c-axis films. We have also for the first time epitaxially
as compared with 90 K for well ordered 123 and 82 K for well grown superl attices of YBaCuO/DyBaCuO by dc magnetron sput-
ordered 248. tering onto SrTiO 3 and MgO substrates. For c-axis multi-

layers the wavelengths range from 24A (twice the c-axis) to
We have been studying the nature of these faulted structures 300A and x-ray diffractograms show satell ites peaks charac-
using transmission electron microscopy. High resolution teristic of multilayers for each wavelength. The crystal-
microscopy of cross-section specimens shows the influence of line coherence is of the order of the film thickness. The
faults on the c-axis layering whereas diffraction contrast analysis 24A wavelength sample consists of, on the average, alter-
of planar specimens is more effective in showing the interaction of nate planes of Y and Dy. The multilayers are superconduct-
the faults with twins and second phase precipitates. Initial ing with Tco's between 85 and 89K, transition widths of 2K

and resistivity ratios of about 3. These results suggest
observations of 248 faults in predominantly 123 material indicate that artificial structuring of high temperature oxide sup-
the formation of a dislocation-like strain pattern through the films erconductors is within reach.
which may hinder the formation of the well-ordered 248 phase. A
variety of localized structural changes are observed, some of Mu1.7 ABSTRACT NOT AVAILABLE
which may influence Tc if occurring in higher concentration.

M11.8
M11.5 TUNNELLING NEASUREMENTS ON THIN FILMS OF

A STUDY OF GRAIN BOUNDARIES IN HIGH T YBaCu30 A M CUCOlo*, J. M. Valles, J. M. Phillips,
SUPERCONDUCTING YBa 2CuO7., THIN FILMS . u i' . C cone, Jn e J. ni Ph lls

USING HIGH RESOLUTION AN'ALYTICAL STEM. 6uitl' R. C. Dynes, and 3. P. Garno, AT&T Bell

D. H. Shin, J. Silcox, S. Russek, D. Lathrop, and R. A. Laboratories, Murray Hill, NJ 07g74.
Buhrrnan, Cornell University, Ithaca. NY. h ve have fabricated tunnel junctions of the type

Grain boundaries in thin films of high T, YBa2Cu 3O 7 ., YBa 2 Cu 3 0 7 . /barrier/Pb that show reproducible dV/dI
superconductor have been investigated with high resolution characteristics. The YBa 2 Cu 3 0. 6 films were chemically
electron imaging and nanoprobe energy dispersive x-ray etched and then exposed to the ambient in order to form a
analysis. Filmfs of YBa2Cu3O 7. were made by either reactive of the YBa2Cu30
evaporation, sputtering, or laser ablation, on substrates of natural tunnel barrier. Below the Tc
MgO or yttria-stabilized zirconia. The samples generally films a structure associated with superconductivity appears
show good superconducting properties with transition in the conductance as a function of voltage. We discuss
temperatures around 80 K and hi h critical current densities differences and similarities of these features and those
of 1 x 106 Amp/cm 2 at 4 K. Samples with a tail near the
transition temperatures were also used in order to study the obtained on tunnel junctions on chemically etched
correlation between the grain boundary structure and the YBa2 Cu3 O 6 single cry stals.
superconducting properties.

A VG HB501A STEM operating at 100 kV was used for *on leave from Physics Dept., University of Salerno, 84081

atomic structure imaging in both bright field and annular Boronissi, Italy
dark field imaging modes (C, = 1.2 mmn 13 mad, 0o .
4 mrad) and or EDX microanalysis wit a 10 A spatial
resolution. USE OF Si-YBaCuO INTERMIXED SYSTEM FOR

PATTERNING OF SUPERCONDUCTING THIN FILMS
High resolution lattice images indicate that the grain Q.Y. Ma, E. S. Yang, G. V. Trcyz, C. Shu, R. M.
boundaries of thin films of YBa2Cu3O7 ., are mostly clean and Osgood. Jr, Micoelectronics Sciences Laboratories and
coherent. No boundary layers of finite thicknesses, which
are commonly found in bulk sintered samples, have been Center for Telecommunication Research, 1312 Mudd,
observed. However, strain during film growth may cause Columbia University, New York, NY 10027; and Chin-An
deformation of the lattice structure near the grain boundaries Chang, IBM T. J. Watson Research Center, Yorktown
and this may result in the amorphization of a narrow region Heights, NY 10598
where the strain is most severe. The EDX profiles across the
grain boundaries also indicate no composition deviations such
as may be due to a second phase or to segregation, confirming A Si-YBaCuO intermixed system has been formed using
the observation that the grain boundaries are mostly clean, rapid thermal annealing of Cu/BaO/Y,O,/Si layered

M11.6 structures, which were deposited on MgO substrates by

electron-beam evaporation. The electrical, structural, and
EPITAXIAL GROWTH OF HIGH T THIN FILMS AND SUPERLATTICES: interfacial properties of the Si-YBaCuO system have been
PROGRESS TOWARDS THE ARTIFICIAL CONSTRUCTION OF HIGH Tc analyzed by resistivity, X-ray diffraction, scanning electron
SUPERCONDUCTORS. Jean-Marc Triscone, Michael G.Karkut,
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microscopy, X-ray photoelectron spectroscopy and Auger M11. 12
depth profiling measurements. It was found that Si mixed HIGH Tc SUPERCONDUCTOR MULTILEVEL STRUCTURES FORMED WITH
with YBaCuO during annealing, thus creating an insulating Ta203 SPACER LAYERS.* Rabi S. Bhattacharya, Universal
film. The non-conducting Si-YBaCuO system has been used Energy Systems, Inc., Dayton, OH; Peter B. Kosel,
to pattern YBaCuO films. The patterning process was carried University of Cincinnati, Cincinnati, OH; T. Peterson,
out by first patterning a silicon layer using conventional Wright Patterson Air Force Base, WRDC/MLP0, Dayton, OH.
photolithography and laser direct-writing. After the YBaCuO Important electronic devices can be realized with current
film has been deposited on the patterned film and annealed state-of-the-art high-T c  superconductor thin films by
at 9800 C, the patterned region became superconducting forming multilevel structures separated by thin dielectric
separated by Si-YBaCuO intermixed areas. Micron-sized line layers. It has been found that tantalum oxide can be
features with zero resistance temperatures above 77 K have effectively used as a spacer layer because of its high
been demonstrated. melting point (1B000C) and good chemical stability at the

typical temperatures used to anneal thin films of the
YBaCuO superconductor. Best results have been achieved by

MII. 10 sputtering thin films from a preformed sintered target of
HIGH SPEED INFRARED DETECTORS USING Y-Ba-Cu-O YBaCuO in oxygen and depositing very thin films of

tantalum oxide by electron beam evaporation through a
THIN FILMS. JP.._Zhng, Q.Y. Ying and H.S. Kwok, Institute on shadow mask to form simple device patterns. Strontium
Superconductivity, State University of New York at Buffalo, Bonner titanate substrates and oxygen furnace annealing at B50*C
Hall. Buffalo, NY 14260 have been used to promote epitaxial growth of thesuperconductive crystalline phase. In this way two level

multilayer structures have been formed and the layer
We report a high speed IR detector using high Tc Y- Ba-Cu-O thin transition temperatures determined by resistance
films. The film was grown by laser deposition without post-annealing measurements. Both levels of YBaCuO have shown

a superconductivity after annealing. However, the second
and patterned into a microstrip by direct laser writing. With this detec- layer shows reduced abruptness in the transition curves.
tor, distinguishable fast and slow components were observed in the
electrical response to laser radiation in the visible and infrared. The Thin superconducting films with the smooth surfaces were

obtained by sputtering from a sintered target whosetemperature, bias current, laser intensity and film thickness depend- chemical composition has been adjusted to produce films
ence indicated clearly that the slow component is due to thermal heat- which were nearly stoichiometrically correct. Such films
ing of the film and the fast component is clearly nonthermal in origin, required only short annealing times and produced the least

stress on the tantalum oxide layers.
The mechanism of the nonthermal response will be discussed.

* This work was supported by the Department of Air Force
under SBIR Phase I Contract No. F33615-BB-C-1795.

Y-Ba-Cu-O thin films and a standard high speed gold-doped ger-

manium detector were compared for CO2 laser detection. It was found
that the superconducting films were at least 89 times more sensitive in
both the high speed nonthermal regime and the slow thermal regime
ith the same bias conditions. In the high speed regime, the detectors

speeds were comparable within the instrument resolution of 10 ns.

M.11i

Josephson Weak-links Fabricated From Heteroepitaxial
YBa2Cu307_/ PrBa2Cu307x/ YBa 2 C3 7-x Multilayers.
C. T. Rogers and T. Venkatesan, Bellcore, 331 Newman Springs
Rd., Red Bank, NJ 07701; A. Inam, Physics Department,
Rutgers University Piscataway, NJ 08854.

We have fabricated Josephson weak-link devices from
heteroepitaxial multi-layers of YBa2 Ciu3 O7 1 / PrBa2 Cu 3 0 7 x/
YBa2 Cu 30 7 _, with a fourth layer of Au deposited for ohmic
contacts. AU the layers are grown by laser deposition in a
single cycle of our multiple target deposition system. We have
isolated devices of area, A, from 2x 10 5 cm 2 to 2x 10 7 cm2 with
a four step process using standard photolithography and Argon
ion milling. Our finished devices show Current-Voltage
characteristics similar to those observed in the traditional
Superconductor/ Normal-metal/ Superconductor (SNS). They
show good scaling of the critical currents, Ic, with A and
scaling of the resistances, R, with 1/A. Typical values of the
IcR product of 3-7mV are consistent with conventional SNS
behavior. We observe both microwave induced constant-
voltage current steps and modulation of the critical current in
transverse field thus demonstrating both the a.c. and d.c.
Josephson effect in these juncitons. We will discuss both the
device fabrication and performance.
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SESSION NI: Micromechanics of Interfaces 10:30 N1.6
Chairs: A. G. Evans TAILORED INTERFACES IN COMPOSITE MATERIALS,

Monday Morning, November 27 John G. Williams, Michigan Technological
America Center (W) University, Chemistry and Chemical Engineer-

ing Department, Houghton, MI; Mary E.
8:30 *N1.I Donnellan, Naval Air Development Center,

STRESS FIELD CHARACTERISTICS AND DATA INTER- Aerospace Materials Division, Warminster,
PRETATION IN INTERFACE MEASUREMENTS OF PA; M.R. James and W.L. Morris, Rockwell
CERAMIC COMPOSITES, John F. Mandell, Montana International, Mechanics of Materials
State University, Department of Chemical Department, Thousand Oaks, CA.
Engineering, Bozeman, MT; Shyh-Hua Jao,
Massachusetts Institute of Technology, 10:45 N1.7
Department of Civil Engineering, Cambridge, THE INTERFACE IN TUNGSTEN FIBER REINFORCED
MA. NIOBIUM METAL MATRIX COMPOSITES, Toni

Grobstein, NASA Lewis Research Center,
9:00 N1.2 Cleveland, OH; and Hee Mann Yun, Cleveland

A NEW MODEL FOR THE DEBONDING OF DISCON- State University and Resident Research
TINUOUS FIBERS IN AN ELASTIC MATRIX, Associate at NASA Lewis Research Center,
Christopher K.Y. Leung and Victor C. Li, Cleveland, OH.
Massachusetts Institute of Technology,
Department of Civil Engineering, Cambridge, 11:00 N1.
MA. INTERFACE MICROMECHANICS AND TOUGHENING

PROPERTIES OF DUCTILE INTERFACE LAYERS IN
9:15 N1.3 CERAMIC MATRIX COMPOSITES, E.P. Butler and

STICK-SLIP DURING FIBRE PULL-OUT, Robert E.R. Fuller. Jr., National Institute of
Cook, Michael Thouless and David Clarke, IBM Standards and Technology, Ceramics Division,
T.J. Watson Research Center, Yorktown Gaithersburg, MD; H.M. Chan, Lehigh Univer-
Heights, NY. sity, Department of Materials Science and

Engineering, Bethlehem, PA.
9:30 N1.4

EFFECTS OF A FRICTIONAL INTERFACE ON THE 11:15 N1.9
LOAD DIFFUSION FROM A BROKEN FIBER IN A BRIDGING PROCESSES IN DUCTILE METAL-REIN-
FIBER-REINFORCED COMPOSITE, Bulent Aksel, FORCED BRITTLE MATRIX COMPOSITES, M.C. Shaw,
Cornell University, Theoretical and Applied D.B. Marshall, Rockwell International
Mechanics, Ithaca, NY; Dimitris C. Lagoudas, Science Center, Structural Ceramics Depart-
Rensselaer Polytechnic Institute, Civil ment, Thousand Oaks, CA; and A.G. Evans,
Engineering, Troy, NY; and Chung-Yuen Hui, University of California, Materials Depart-
Cornell University, Theoretic l and Applied ment, Santa Barbara, CA.
Mechanics, Ithaca, NY.

11:30 N1.10
9:45 . EFFECT OF COATING OF DUCTILE FIBERS ON THE
A CRITICAL EVALUATION OF THE USE OF THE TOUGHENING OF BRITTLE INTERMETALLICS, Herve
MICROBOND METHOD FOR DETERMINATION OF COM- Deve, A.G. Evans and R. Mehrabian, Univer-
POSITE INTERFACIAL PROPERTIES, R.A. Haaksma sity of California, Materials Department,
and M.J. Cehelnik, Alcoa Laboratories, Santa Barbara, CA.
Surface Technology, Alcoa Center, PA.

SESSION N2: REACTIONS AT INTERFACES
10:00 BREAK Chair: A. Joshi

Monday Afternoon, November 27
America Center (W)

*Invited Paper
1:30 N2.1

Short Course C-08, "Ceramic and Metal Matrix INTERFACIAL REACTIONS OF REFRACTORY METALS
Composites," may be of interest to symposium NIOBIUM AND TANTALUM WITH CERAMICS SILICON
attendees. Details regarding course dates CARBIDE AND ALUMINA, A. Joshi, H.S. Hu, and
and instructors are provided in the short J. Wadsworth, Lockheed Palo Alto Research
course section of this program. Laboratory, Research and Development

Division, Paln Alto, CA.

1:45 N2.2

SILICON-BASED OXIDATION-RESISTANT COATINGS
ON NIOBIUM METAL, P.D. Stupik, A.R. Barron,
Harvard University, Department of Chemistry,
Cambridge, MA; M.A. Nastasi and T. Jervis,
Los Alamos National Laboratory, Los Alamos,
NM.
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2:00 N2.3 4:15 N2.10
EFFECT OF AMBIENT ATMOSPHERE ON THIN FILM HIGH-TEMPERATURE EVALUATION OF THE NICKEL/
REACTION OF Si3 N4 WITH Ti, S.B. Desu, Vir- GRAPHITE INTERFACE, Nea S. Wheeler, David S.
ginia Polytechnic Institute and State Uni- Lashmore, and Alexander J. Shapiro, National
versity, Department of Materials Engineer- Institute of Standards and Technology, Elec-
ing, Blacksburg, VA; and J.A. Taylor, AT&T trodeposition Department, Gaithersburg, MD.
Bell Laboratories, Allentown, PA.

4:30 N2.11
2:15 N2.4 THE INFLUENCE OF INTERFACIAL MODIFICATION ON

SPINEL INTERPHASE FORMATION AT Ni/A120 3  TENSILE STRENGTH OF GR/AL COMPOSITES, Chen
INTERFACES - PROSPECTS FOR TAILORING INTER- Ho, Guoding Zhang, and Renjie Wu, Shanghai
FACE TENACITY, Kevin P. Trumble, University Jiao Tong University, Institute of Composite
of California, Santa Barbara, Materials Materials, Shanghai, China.
Department, Santa Barbara, CA; Manfred
Ruhle, MPI fir Metallforschung, Stuttgart, SESSION N3: INTERFACES IN POLYMER
West Germany; Anthony G. Evans, University COMPOSITES I
of California, Santa Barbara, Materials Chair: M. Tirrell
Department, Santa Barbara, CA. Tuesday Morning, November 28

America Center (W)
2:30 N2.5

THE FORMATION OF PERIODIC STRUCTURES DURING 8:30 *N3.1
SOLID STATE INTERACTIONS BETWEEN Pt AND SiC, THERMOMECHANICAL STABILITY OF ORGANOSILANE
T.C. Chou and A. Mishra, Engelhard Corpora- AND ORGANOTITANATE INTERPHASES IN GLASS
tion, Research and Development, Edison, NJ. REINFORCED COMPOSITES, A.T. DiBenedetto, S.

Connelly, J. Gomez, and G. Haddad, Univer-
2:45 N2.6 sity of Connecticut, Chemical Engineering

FIBRE-MATRIX REACTION ZONES IN MODEL SILICON Department, Storrs, CT.
CARBIDE - TITANIUM ALUMINIDE METAL - MATRIX
COMPOSITES, P.J. Doorbar, Rolls-Royce, plc., 9:00 N3.2
Manufacturing Technology, Derby, United FILAMENT FRAGMENTATION PHENOMENA, Juan C.
Kingdom; D.R. Baker and M.H. Loretto, Uni- FiQueroa, E. I. duPont de Nemours & Co.,
versity of Birmingham, School of Metallurgy Inc., Engineering Research and Development
and Materials Science, Birmingham, United Division, Wilmington, DE; Linda S. Schadler
Kingdom. and Campbell Laird, University of Penn-

sylvania, Materials Science and Engineering
3:00 BREAK Department, Philadelphia, PA.

3:30 N2.7 9:15 *N3.3
TRANSMISSION EIECTRON MICROSCOPY STUDIES OF APPLICATION OF COLD PLASMA IN TAILOR-DESIGN-
SILICON NITRIDE/SILICON CARBIDE INTERFACES, ING COMPOSITE INTERFACES, Nakho Sung, Tufts
H.-J. Kleebe ard M. Ri:hle, University of University, Laboratory of Materials and
California, Santa Barbara, Materials Depart- Interfaces, Medford, MA.
ment, Santa Barbara, CA; N. Corbin and C.
Willkins, Norton Company, Advanced Ceramics 9:45 N3.4
Department, Northboro, MA. THE EFFECTC OF FIBER SURFACE TREATMENTS BY A

COLD PLASMA IN CARBON FIBER/BISMALEIMIDE
3:45 N2.8 COMPOSITE, Tao C. Chang and Bor Z. Jang,

THE EFFECT OF TEMPERATURE ON THE CHEMISTRY Auburn University, Materials Engineering
AND MORPHOLOGY OF THE INTERPHASE IN AN SCS6/ Program, Department of Mechanical Engineer-
Ti-6AI-4V METAL MATRIX COMPOSITE, C. Jones, ing, Auburn, AL.
University of Illinois, National Centre for
Composite Materials Research, Urbana, IL, 10:00 BREAK
and Liverpool University, United Kingdom;
C.J. Kiely, University of Illinois, Materi- 10:30 *N3.5
als Research Laboratory, Urbana, IL, and TAILORED INTERPHASES IN FIBRE REINFORCED
Liverpool University, United Kingdom; and POLYMERS, Michael R. Piggott, University of
S.S. Wang, University of Illinois, National Toronto, Department of Chemical Engineering,
Centre for Composite Materials Research, Ontario, Canada.
Urbana, IL.

11:00 K3.6
4:00 N2.9 A TEM STUDY OF AN ADHESIVE/SHEET MOLDING
IMPROVED INTERFACIAL ADHESION IN METAL MA- COMPOUND INTERFACE, Eduardo A. Kamenetzkv
TRIX/METALLIC GLASS COMPOSITES, Uwe Kbster and Raymond S. Farinato, American Cyanamid,
and Margret Blank-Bewersdorff, University of Stamford Research Laboratories, Stamford,
Dortmund, Department of Chemical Engineer- CT.
ing, Dortmund, West Germany.
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11:15 N3.7 3:30 N4.6
STUDY OF TRANSCRYSTALLIZATION IN POLYMER INTERPHASE BEHAVIOR IN CYCLIC FATIGUE OF
COMPOSITES, Benjamin S. Hsiao and Eric J.H. MONOFILAMENT COMPOSITES, Linda S. Schadler,
Chen, E. I. duPont de Nemours & Co., Inc., University of Pennsylvania, Department of
Fibers Department, Pioneering Research Materials Science and Engineering, Philadel-
Laboratory, Wilmington, DE. phia, PA; Juan C. Figueroa, E. I. duPont de

Nemours & Co., Inc., Wilmington, DE; and C.
11:30 N3.8 Laird, University of Pennsylvania, Philadel-
THE EFFECT OF SALT WATER ABSORPTION ON phia, PA.
INTERFACIAL DEGRADATION IN POLYMERIC COM-
POSITE MATERIALS, Walter L. Bradley and Tim 3:45 N4.7
G~rn, Texas A&M University, Mechanical INTERLAMINAR FRACTURE IN CARBON FIBER/THER-
Engineering, College Station, TX. MOPLASTIC COMPOSITES, J.A. Hinkley, NASA

Langley Research Center, Hampton, VA; W.D.
11:45 N3.9 Bascom, University of Utah, Department of
THE INFLUENCE OF WATER ON THE EPOXY RESIN- Materials Science and Engineering, Salt Lake
GLASS INTERPHASES, Robert Kosfeld, Thomas City, UT; and R.E. Allred, PDA Engineering,
Marzi, Ulrich Schroder and Michael Hess, Albuquerque, NM.
University of Duisburg, Department of Physi-
cal Chemistry, Duisburg, West Germany. 4:00 N4.8

EFFECTS OF SURFACE TREATMENTS ON TENSILE AND
SESSION N4: INTERFACES IN POLYMER INTERFACE SHEAR STRENGTHS IN GLASS FIBER/RE-

COMPOSITES II SIN MATRIX COMPOSITES, Albert A. Kruger,
Chair: A. T. DiBenedetto Battelle-Pacific Northwest Laboratory,

Tuesday Afternoon, November 28 Chemical Sciences, Richland, WA.
America Center (W)

4:15 N4.9
1:30 *N4.1 INTERFACIAL INTERACTIONS IN SILICA REIN-

INTRINSIC MATERIAL LIMITATIONS IN USING FORCED SILICONES, M.I. Aranguren, C.W.
INTERPHASE MODIFICATION TO ALTER FIBER- Macosko, M. Tirrell and B. Thakkar, Univer-
MATRIX ADHESION IN COMPOSITE MATERIALS, sity of Minnesota, Department of Chemical
Lawrence T. Drzal, Michigan State Univer- Engineering and Materials Science, Minneapo-
sity, Composite Materials and Structures lis, MN.
Center, East Lansing, MI.

4:30 N4.10
2:00 N4.2 AN INTERFACIAL THERMODYNAMIC STUDY ON NTC

ACID/BASE PROPERTIES OF CARBON AND GRAPHITE PHENOMENON OF CONDUCTIVE HDPE COMPOSITES,
FIBER SURFACES, Sheldon P. Wesson, TRI/Prin- Zhang Mingqiu and Zeng Hanmin, Zhongshan
ceton, Princeton, NJ; and Ronald E. Allred, University, Materials Science Institute,
PDA Engineering, Materials Development Guangzhou, China.
Department, Albuquerque, NM.

SESSION N5: POSTER SESSION
2:15 N4.3 Tuesday Evening, November 28

CORRELATION BETWEEN FIBRE SURFACE ENERGETICS 7:00 p.m. - 10:00 p.m.
AND FIBRE-MATRIX ADHESION IN CARBON FIBRE America Ballroom (W)
REINFORCED PEEK COMPOSITE, D.J. Hodge, B.
Middlemiss and J.A. Peacock, ICI, Wilton N5.1 FRACTO-EMISSION STUDIES OF INTERFA-
Materials Research Centre, Cleveland, United CIAL FAILURE IN COMPOSITES, J.T. Dickinson,
Kingdom. L.C. Jensen, and B.A. MielKe, Washington

State University, Department of Physics,
2:30 N4.4 Pullman, WA.

EFFECT OF SURFACE OXYGEN ON ADHESION OF
CARBON FIBER REINFORCED EPOXY COMPOSITES, N5.2 INTERFACES WITH DISCONTINUITIES AND
P.W. Yig and S.S. Lin, Army Materials Tech- INTERPHASES WITH CONTINUOUSLY VARYING
nology Laboratory, Watertown, MA. PROPERTIES IN COMPOSITE MATERIALS, C.S.

Chen, General Dynamics, Structure and
2:45 N4.5 Materials Department, Ft. Worth, TX.

INTERFACIAL EFFECTS OF PLASMA TREATMENT ON
FIBER PULL-OUT, Uesh Gaur, TRI Princeton, N5.3 A SOLID-STATE NMR STUDY OF THE
Princeton, NJ; and Theodore Davidson, Uni- PMMA-AI 2 0 3  INTERFACE, Kariofilis
versity of Connecticut, Center for Surface Konstadinidis University of Minnesota,
and Interface Research, Storrs, CT. Department of Chemical Engineering and

Materials Science, Minneapolis, MN; John
3:00 BREAK Evans and Matthew Tirrell, University of

Minnesota, Department of Chemistry, Min-
neapolis, MN.
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N5.4 SPREADING OF LIQUID DROPLETS ON N5.12 STABILITY AND REACTIONS AT COM-
CYLINDRICAL SURFACES: ACCURATE DETERMINATION POSITE INTERFACES OF TITANIUM ALUMINIDES
OF CONTACT ANGLE, H. Daniel Wagner, The WITH POTENTIAL FIBER MATERIALS, J.A. DeKock,
Weizmann Institute of Science, Polymeric M.-X. Zhang, and Y.A. Chang, University of
Composites Laboratory, Department of Materi- Wisconsin, Department of Materials Science
als Research, Rehovot, Israel. and Engineering, Madison, WI; and O.Y. Chen,

Pratt and Whitney, United Technologies, East
N5.5 AN OPTICAL METHOD TO CHARACTERIZE Hartford, CT.
IMPREGNATION AND WETTING OF GLASS-FIBERS
WITH EPOXY RESIN, Robert Kosfeld, Thomas N5.13 CHARACTERIZATION OF INTERFACES IN
Marzi, Ulrich Schroder, and Michael Hess, SiC PARTICULATE-REINFORCED Al ALLOYS USING
University of Duisburg, Department of AEM, D.-Q. Huang, Y.-P. Lin, and B.W.
Physical Chemistry, Duisburg, West Germany. Robertson, McMaster University, Department

of Materials Science and Engineering, On-
N5.6 THE INFLUENCE OF ANNEALING ON THE tario, Canada.
BEHAVIOUR OF EPOXY-GLASS INTERPHASES, Robert
Kosfeld, Thomas Marzi, Ulrich Schr6der, N5.14 THE DISLOCATION STRUCTURE AND
Michael Hess, University of Duisburg, ENERGY OF NiO-Pt INTERFACES, F.-S. Shieu and
Department of Physical Chemistry, Duisburg, S.L. Sass, Cornell University, Department of
West Germany. Materials Science and Engineering, Ithaca,

NY.
N5.7 THE ROLE OF RESIDUAL STRESSES IN
THE CRACKING OF A MODEL METAL-CERAMIC SYS- N5.15 EFFECT OF ANNEALING ON THE ALUMI-
TEM, A1 203/ Ta(Ti), A.H. Bartlett, M. Rihle, NUM/SiC INTERFACE STRUCTURE AND COMPOSITION,
and A.G. Evans, University of California, Oionq Li, Janez Megusar and James A. Cornie,
Santa Barbara, Materials Department, Santa Massachusetts Institute of Technology,
Barbara, CA. Department of Materials Science and En-

gineering, Cambridge, MA.
N5.8 THE STRENGTH AND FRACTURE OF
CERAMIC/METAL BONDED SYSTEMS, M.Y. He and N5.16 INTERFACE ELECTRONIC STRUCTURE OF
A.G. Evans, University of California, TITANIUM ALUMINIDE COMPOSITES, D.D.
Materials Department, Santa Barbara, CA. Vvedensky and S. Crampin, Imperial College,

Department of Physics, The Blackett Labora-
N5.9 CVD Mo AND W OXYCARBIDE COATINGS ON tory, London, England; M.E. Eberhart, Los
SiC YARN, Michael Kmetz, Beng Jit Tan, Alamos National Laboratory, Department
University of Connecticut, Department of MST-6, Los Alamos, NM; J.M. MacLaren, Los
Chemistry, Storrs, CT; Francis S. Galasso, Alamos National Laboratory, Department T-ll,
United Technologies Research Center, East Los Alamos, NM; L. Christodoulou, Martin
Hartford, CT; and Steven L. Suib, University Marietta Laboratories, Baltimore, MD.
of Connecticut, Department of Chemistry, and
Department of Chemical Engineering, Storrs, N5.17 A COMPARISON OF SOLID STATE REAC-
CT. TIONS IN MECHANICALLY DEFORMED MULTILAYERED

COMPOSITES IN THE NI-TI AND NI-ZR SYSTEMS,
N5.10 SOLID STATE BONDING OF Si3N4 and B.E. White, M.E. Patt and E.J. Cotts, State
Ni, Jian-Yih Wang and Shu-En Hsu, Chung Shan University of New York at Binghamton, De-
Institute of Science and Technology, Materi- partment of Physics, Applied Physics and
als Research and Development Center, Taiwan, Astronomy, Binghamton, NY.
China; and Yoichi Ishida, University of
Tokyo, Institute of Industrial Science, N5.18 AC SPECTROSCOPY OF COMPOSITE MATE-
Tokyo, Japan. RIALS, R. Gerhardt, Rutgers University,

Department of Ceramics, Piscataway, NJ.
N5.11 CHEMICAL INTERACTIONS IN THE ALUMI-
UM-CARBON AND ALUMINUM-SILICON CARBIDE N5.19 NONDESTRUCTIVE EVALUATION OF INTER-
SYSTEMS, en-J, Maruvama, Naval Research FACIAL DAMAGE IN SiC/Al CONTINUOUS FIBER
Laboratory, Washington, DC; Fumio S. Ohuchi, COMPOSITES, T.M. Breunig, S.R. Stock, and
E. I. duPont de Nemours & Co., Inc., S.D. Antolovich, Georgia Institute of Tech-
Experimental Station, Wilmington, DE; nology, Mecnanical Properties Research
Llewellyn K. Rabenberg, The University of Laboratory and School of Materials Engineer-
Texas at Austin, Center for Materials ing, Atlanta, GA; J.H. Kinney, R.A. Saroyan,
Science, Austin, TX. and Q.C. Johnson, Lawrence Livermore Nation-

al Laboratory, Chemical and Materials Sci-
ence Department, Livermore, CA; M.C.
Nichols, Sandia National Laboratories,
Materials Department, Livermore, CA; and U.
Bonse, Dortmund University, Department of
Physics, Dortmund, West Germany.
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N5.20 INTERACTIONS OF ACRYLIC POLYMES 9:30 N6.3
WITH ALUMINUM SURFACES, J. Scott Shaffer, MEASUREMENT OF INTERFACIAL FRACTURE E::ERGY,
and Arup K. Chakraborty, University of L. Rosenfeld, J.E. Ritter, M.R. Lin and T.J.
California, Berkeley, Center for Advanced Lardner, University of Massachusetts, Mech-
Materials, Lawrence Berkeley Laboratory, and anical Engineering Department, Amherst, MA.
Department of Chemical Engineering, Berke-
ley, CA; H.T. Davis and Matthew Tirrell, 9:45 N6.4
University of Minnesota, Department of THE EFFECTS OF PLASTICITY ON THE FRACTURE
Chemical Engineering and Material Science, RESISTANCE OF GOLD/ALUMINA INTERFACES, Ivar
Minneapolis, MN. E. Reimanis, Brian J. Dalgleish, M. Rihle

and Anthony G. Evans, University of Califor-
N5.21 THE PRODUCTION OF MODULUS GRADIENTS nia, Santa Barbara, Materials Department,
AT INTERFACES, Andrew Garton, Gautam Santa Barbara, CA.
Haldankar and Edward Shockey, University of
Connecticut, Polymer Program, Storrs, CT. 10:00 BREAK

N5.22 SURFACE TREATMENT OF CARBON FIBERS 10:30 *N6.5
FOR USE IN COMPOSITES WITH THERMOPLASTIC THE EFFECT OF A WEAK INTERFACE ON TRANVERSE
RESINS, Aharon Moshonov, Rafael Institute, PROPERTIES OF A CERAMIC MATRIX COMPOSITE,
Haifa, Israel; Hong Li, Georgia Institute of R.A. Shimansky, H.T. Hahn and N.J. Salamon,
Technology, Atlanta, GA; and John D. Muzzy, The Pennsylvania State University, Univer-
Georgia Institute of Technology, Atlanta, sity Park, PA.
GA.

11:00 N6.6
N5.23 EFFECT OF Ti+ , Ar+ AND N+  ION THE EFFECT OF INTERFACIAL STRENGTH ON THE
IMPLANTATION ON ARAMID FIBER ADHESIVE MECHANICAL BEHAVIOR OF LAMINATED CERAMICS,
PROPERTIES, J. Kalantar, Michigan State M.D. Stuart, C.J. Russo, M.P. Harmer, H.M.
University, Department of Chemical Engineer- Chan and G.A. Miller, Lehigh University,
ing, East Lansing, MI; D.S. Grummon, Department of Materials Science and
Michigan State University, Department of Engineering, Bethlehem, PA.
Metallurgy, Mechanics and Materials Science,
East Lansing, MI; I.H. Loh, Advanced Surface 11:15 *N6.7
Technology, Inc., Waltham, MA; and R.A. THE EFFECT OF FIBER COATINGS ON INTERFACIAL
Moody, Spire Corporation, Patriots Park/ SHEAR STRENGTH AND THE MECHANICAL BEHAVIOR
Bedford, MA. OF CERAMIC COMPOSITES, Richard A. Lowden,

Oak Ridge National Laboratory, Metals and
N5.24 DETERMINATION OF FLEXIBLE INTERLAYER Ceramics Division, Oak Ridge, TN.
THICKNESS FOR FIBER REINFORCED COMPOSITES,
King H. Lo, Robert W. Schmitz and William G. 11:45 N6.8
Gottenberg, Shell Development Company, IMPROVED PERFORMANCE IN MONOFILAMENT FIBER
Houston, TX. REINFORCED GLASS MATRIX COMPOSITES THROUGH

THE USE OF FIBER COATINGS, William K.
SESSION N6: ADHESION AND STRENGTH Tredway and Karl M. Prewo, United Tech-

OF INTERFACES nologies Research Center, East Hartford, CT.
Chair: T. A. Michalske

Wednesday Morning, November 29 SESSION N7: INTERFACES IN CERAMICS
America Center (W) AND CERAMIC COMPOSITES

Chair: W. K. Tredway
8:45 *N6.1 Wednesday Afternoon, November 29

MEASUREMENT OF MOLECULAR FORCES AT SILICA America Center (W)
SURFACES, Bimal Thakkar and M. Tirrell,
University of Minnesota, Department of 1:30 *N7.1
Chemical Engineering and Materials Science, INTERFACIAL MICROSTRUCTURE AND FRACTURE OF
Minneapolis, MN; and Donald J. David, Mon- ALUMINA FIBER REINFORCED GLASS MATRIX COM-
santo Corporation, Saflex Technology, POSITES, T.A. Michalske, Sandia National
Sprii gfield, MA. Laboratories, Albuquerque, NM.

9:15 N6.2 2:00 N7.2
SURFACE FORCES AND ADHESION BETWEEN DIS- THE ROLE OF TIN DIOXIDE (Sn02 ) INTERPHASE IN
SIMILAR MATERIALS MEASURED IN VARIOUS EN- THE MECHANICAL BEHAVIOR OF ALUMINA/GLASS
VIRONMENTS, Doualas T. Smith and Roger G. COMPOSITE, M.H. Siadati and K.K. Chawla, New
Horn, National Institute of Standards and Mexico Institute of Mining and Technology,
Technology, Ceramics Division, Gaithersburg, Materials Engineering Department, Socorro,
MD. NM.
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2:15 N7.3
THE STRUCTURE OF INTERFACES RESULTING FROM
WHISKER SURFACE PRETREATMENTS IN SiC
WHISKER-REINFORCED CERAMIC MATRIX COMPO-
SITES, T.A. Nolan and L.F. Allard, Oak
Ridge National Laboratory, High Temperature
Materials Laboratory, Oak Ridge, TN; M.H.
Rawlins, American Matrix, Inc., Knoxville,
TN.

2:30 N7.4
THE EFFECT OF INTERFACE STRUCTURE ON THE
FRACTURE OF Al/A1203 COMPOSITES, B.D. Flinn,
F.W. Zok, F.F. Lange, M. Ruhle, and A.G.
Evans, University of California, Santa
Barbara, Materials Department, Santa Bar-
bara, CA.

2:45 N7.5
CREEP PROPERTIES AND INTERFACIAL MICROSTRUC-
TURE OF SiC WHISKER REINFORCED Si3N4 , Anders
H. Swan and Lena K.L. Falk, Chalmers Univer-
sity of Technology, Physics Department,
Gothenburg, Sweden.

3:00 N7.6
HIGH TEMPERATURE FRACTURE OF SiC WHISKER
REINFORCED A1 2 03 MATRIX COMPOSITES, C.
Mangin, J. Homeny, University of Illinois,
Materials Science/Ceramics Department,
Urbana, IL; and S.S. Wang, University of
Illinois, Theory/Applied Mechanics Depart-
ment, Urbana, IL.

3:15 N7.7
THE ROLE OF CRYSTALLIZATION OF AN INTER-
GRANULAR GLASSY PHASE IN DETERMINING GRAIN
BOUNDARY RESIDUAL STRESSES IN DEBASED ALUMI-
NA, Nitin P. Padture and Helen M. Chan,
Lehigh University, Department of Materials
Science and Engineering, Bethlehem, PA;
Brian R. Lawn, National Institute of Stan-
dards and Technology, Ceramics Division,
Gaithersburg, MD; and Michael J. Readey,
Coors Ceramic Company, Golden, CO.

3:30 N7.8
THE EFFECT OF RESIDUAL GRAIN BOUNDARY
STRESSES ON MECHANICAL PROPERTIES OF ALUMI-
NA-BASED CERAMICS, J.D. French, H.M. Chan,
M.P. Harmer, and G.A. Miller, Lehigh Univer-
sity, Department of Materials Science and
Engineering, Bethlehem, PA.
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N1.1 initial findings of the phenomena that occur during single fibre pull-out.
STRESS FIELD CHARACTERISTICS AND DATA INTERPRETATION IN In particular, we focus on the qtick-slip behavior after delamination: the
INTERFACE MEASUREMENTS OF CERAMIC COMPOSITES. John F. fibre sticks and the load in the fibre increases to a critical value, at which
Mandell, Montana State University, Bozeman, MT: and Shyh-Hua Jao, point the fibre suddenly slips to a new position and sticks again. The
Massachusetts Institute of Technology, Cambridge, MA. implications of' these results for Fibre-composite toughening models will

he discussed.The interpretation of debonding events in various test methods for interface
characterization of composite materials is inherently difficult due to the N1.4
complex stress lields which exist along interfaces. The particular case ol
indentation-type tests which compressively load the ends of individual fibers EFFECTS OF A FRICTIONAL INTERFACE ON THE LOAD
has been investigated using a cylinder-type model and finite element DIFFUSION FROM A BROKEN FIBER IN A FIBER-
analysis, with special attention to residual thermal stresses and the singular REINFORCED COMPOSITE. Bulent Aksel, Theoretical and
point at the corner of the fiber and the polished surface. Cases investigated Applied Mechanics, Cornell Univ., Ithaca, N.Y.; Dimitris L.
include carbon and ceramic fibers, glass and glass-ceramic matrices with -Ad es, C orn el ilIt c Itri C.
varying coefficients of thermal expansion, and specitic modelling of carbon L , Civil Engineering, Rensselaer Polytechnic Inst., Troy,
interphase regions. N.Y.; and Chung-Yuen Hui, Theoretical And Applied Mechanics,

Cornell Univ., Ithaca, N.Y.
The results show that the strength of the singularity at the fiber corner is
generally weak if the fiber and matrix moduli are of similar order of The effects of a frictional interface on the load diffusion from a
magnitude. The presence of a carbon interphase tends to localize the broken fiber to the surrounding matrix material and the extent of
singular zones. Anisotrophy of carbon fibers has a significant effect, and slip near the fiber break in a single-fiber reinforced composite of
they have been found in some cases to debond at the free surface solely infinite extent are studied by using a finite element method. The
due to residual stresses. The results appear to correlate data for a variety of numerically computed axial load carried by the fiber for the perfect
different Nicalon fiber/glass-ceramic matrix systems where carbon interphase bond case (lugh coefficient of friction) is first compared with
thickness and residual stresses are considered. analytical results. Then, the normal and shear stresses on the

interface, the extend of the slip zone as well as the amount of the
N1. 2 relative slip and the axial load of the fiber are evaluated for different

frictional coefficients and material parameters for both the fiber and
the matrix. A shear-lag analysis is also carried out for a closed formA NEW MODEL FOR THE DEBONDING OF DISCONTINUOUS prediction of the fiber load diffusion, the relative slip and the extend

FIBERS IN AN ELASTIC MATRIX. Christopher K.Y. Leung and Victor of the slip zone, resulting in good agreement with the finite element
Li, Department of Civil Engineering, M.I.T., Cambridge, MA 02139. method results.

The mechanical properties of fiber composites are strongly influenced by N1.5

the debonding of fibers. When an embedded fiber is loaded from one end, A CRITICAL EVALUATION OF THE USE OF THE
debonding can occur at both the loaded end and the embedded end. In MICROBOND METHOD FOR DETERMINATION OF
existing theories, only debonding from the loaded end is considered. COMPOSITE INTERFACIAL PROPERTIES. A.iPaksa
During debonding, stress transfer between fiber and matrix leads to and M. J. Cehelnik, Alcoa Laboratories, Alcoa Center, PA, 15069.
continued decrease in fiber strain and increase in matrix strain. As the Although the microbond or microdebond method has been applied
debonded zone length approaches the embedded fiber end, a point will be with increasing frequency to characterize interfacial adhesion in

fiber reinforced composites, a number of serious questions remainreached where the longitudinal displacement in the matrix is higher than that regarding the interpretation of experimental data. This paper
in the fiber, which is physically impossible. However, if debonding from addresses variables in the microbond test procedure including
both ends of the fiber is considered, the size of the debonded zones will be intrinsic material properties, specimen preparation methods, force
limited and so is the amount of stress transfer between fiber and matrix. measurement and force application techniques.
Matrix displacement will then always remain lower than fiber displacement. The applicability and the limitations of the microbond test for

characterization of the interfacial properties in composites will be
considered through the discussion and evaluation of extensive

A new theory for fiber debonding which considers debonding from both results obtained in our laboratory. When experimental data,
ends of the fiber is proposed. A new way to interpret the single fiber pull- generated for several different fiber/resin combinations, is
out test as well as the correlation of fiber debonding in a pull-out specimen presented in the typical manner (plots of applied debonding force

veadus fiber embedded length), a consistent and previouslyand that in the composite will be discussed. The new theory will be unexplained trend has been observed. The possible origins of thiscompared with existing theories for various lengths, volume fractions and effect, which produces apparent negative forces values on linear
moduli of fiber. It is suggested that the new theory can extend the validity extrapolation to zero embedded length, will be explored in terms of

specimen failure mechanisms. Experiments, conducted usingof existing theories from short fiber composites with low Vf and E.f to all various techniques for measurement and application of force (point
general cases, loading versus circular contact), will also be discussed.

Ni.3 Ni.6

STICK-SL.IP DURIN(; FIBRE PULL-OUT. Robert Cook, Michael TAILORED INTERFACES IN COMPOSITE MATERIALS. John G.
Thouless. and David Clarke. IBM, Thomas J. Watson Research (enter, Williams, Michigan Technological University, Houghton,
Yorktown Ileights, NY. MI; Mary E. Donnellan, Naval Air Development Center,

Warminater, PA; M. R. James, Rockwell Interational,

Thousand Oaks, CA; and W. L. Morris, Rockwell

The mechanics associated with interfacial sliding and debonding is of Interational, Thousand Oaks, CA.
paramount importance in determining the toughness of ibre-reinforced The mechanical properties of the material surrounding
hrittlc-matrix composites. As a crack advances through such a com- a single carbon, fiber in an epoxy matrix have been
posite it is straddled by fibres and, ifthe fibres are fairly brittle, only the studied. Properties were determined within 100 nm of
energy lost when the debonded fibres slide against the matrix signif- the fiber. A pronounced soft interphase was revealed
icantly influences the toughness. The mechanics of delamination and adjacent to the fiber.
pull-out can most easily be studied by investigating a model system
consisting of a single fibre embedded in a matrix. Ilere we present somc A single fiber was embedded in a small supported disk

497



of epoxy matrix. The fiber was loaded in tension. N1.9
Examination of the surface displacements in the resin
revealed that the matrix material within 250 nm of the
fiber was substantially softer than the matrix far REINFORCED BRITTLE MATRIX COMPOSITES.
from the fiber. This interphase material was active M.C. Shaw Rockwell Int'l Science Center, Thousand
in creep. Measurement of indentation properties of Oaks, CA, University of California, Santa Barbara, CA;
the matrix around a single fiber showed that the
material close to the fiber exhibited an apparently D.B. Marshall, Rockwell Int'l Science Center, Thousand
high modulus due to restriction by the fiber. The Oaks, CA; A.G. Evans, University of California, Santa
implications of these findings are discussed. BarbaraCA.

N1.7
The bridging mechanism of toughening in ductile-

THE INTERFACE IN TUNGSTEN FIBER REINFORCED NIOBIUM METAL metal reinforced brittle matrix composite laminates will
MATRIX COMPOSITES. Toni Grobstein, NASA Lewis Research
Center, Cleveland, Ohio and Hee Mann Yun, Cleveland State be discussed. Methods of experimentally determining the

University, Resident Research Associate at the NASA Lewis crack bridging tractions within the bridging zone of model
Research Center, Cleveland, Ohio. copper/glass systems will be described. Results will be

The fiber/matrix interface of W/Nb composites was charac- presented and compared to predictions of theoretical

terized by microhardness measurements and electron probe models, demonstrating the role of the interface, and its
microanalysis which implied that its properties were between control through processing, in dictating the balance
those of the fiber and the matrix. This was expected given
that the tungsten/niobium phase diagram forms a continuous between composite strength and toughness.

solid solution. The tensile and creep-rupture properties of
the W/Nb composites were measured from 1300 to 1600 K, and N1.10
these results were evaluated using the rule of mixtures.
The projected strength of the interface region was taken EFFECT OF COATING OF DUCTILE FIBERS ON
into account in these calculations. In addition, Kirkendall
void formation was observed at the fiber/matrix interface TOUGHENING OF BR1TILE INTERIMETALUCS. Herv4 DOve,

after long times at temperature. However, the interdif- A.G. Evans, R. Mehrabian. University of California, Materials
fusion between tungsten and niobium did not significantly Departnent, Santa Barbara, CA 93106.
degrade the axial creep-rupture strength of the
unidirectionally reinforced composites at times up to The toughening of Titanium Aluminides by coated ductile
5000 hr at 1500 K. Both the tensile strength and the creep reinforcements was investigated. Model laminate specimens of
resistance of the tungsten fiber reinforced composites
significantly exceed that of monolithic niobium alloys even y-TiAl reinforced with TiNb alloys that werecoated witheither
when compared on a strength to density basis. A1203or Y203 were studied. The specimens were fabricated by

diffusion bonding. Toughening was evaluated using a newly

NI. B devised tensile testing method. In situ observation of the
fracture/debonding process during tensile testing, using optical

:NTERFACE MICROMECHANICS AND TOUGHENING PROPERTIES OF microscopy and scanning electron microscopy, was used to
DUJCTILE INTERFACE LAYERS IN CERAMIC MATRIX COMPOSITES. document the role of the mechanical response of the interfaces

P. Butler and E. R. Fuller, J ,, National Institute on the toughening of the composite. Correlation was made
of Standards and Technology, Gaithersburg, MD 20899;
and H. M. Chan, Lehigh University, Bethlehem, PA 18015. between the toughness of the composite, the fracture energy of

the interfaces, the extent of debonding, the mechanical
.he toughening attributes that fibers engender to brittle properties, and failure mode of the reinforcements.
ceramics arise from several phenomena, including crack
deflection, fiber/matrix debonding, crack bridging, and N2.1
frictional fiber pullout. These phenomena are critically
dependent on properties of the fiber/matrix interface: INTERFACIAL REACTIONS OF REFRACTORY METALS NIOBIUM
the strength of the interface determines the crack path, AND TANTALUM WITH CERAMICS SILICON CARBIDE AND
e ther undeflected through the fibers or deflected along ALUMINA. A. Joshi, H.S. Hu and J. Wadsworth. Lockheed Palo Alto
-he interface causing debonding; the nature of interface Research Laboratory, 3251 Hanover street, Palo Alto. CA 94304
bonding determines the degree of subsequent crack bridg-
ing and frictional pullout in the wake of the crack. Recent interest in the development of advanced metal matrix

composites has prompted research on interfacial reactions of Nb and Ta-n this study we examine the influence of metallic inter- with candidate reinforcements such as silicon carbide and alumina.
face layers on these phenomena. We use a model composite Formation of reaction layers as small as 0.1 gm can be detrimental to

stem in which SiC aonofi Laments with metallic coatings composite strength and ductility and in some instances to the corrosion
are embedded in a borosilicate matrix. Metals of various behavior, which suggests the importance of understanding the early
ductilities were used for the metallic interface layers, stages of interfacial reactions. Thin films ofNb and Ta were sputter
for example, Cu, Ni, and W-Co. Layer thicknesses were deposited on single crystal and polycrystalline silicon carbide and on
nominally from 1 ~A~ to 20 IAM. Micromechanica of the sapphire substrates, and the nature and extent of reaction evaluated
interface, debond strength and frictional pullout using Auger depth profiling and electron microscopy. In the Nb/SiCproperties, were characterized by single fiber pull-out system, NbC. is the first reaction product to form, but the overall extentexperiments. Toughening properties were measured with a of the reaction is dominated by the formation of the more stable
fracture mechanics configuration, the double-cleavage, NbC.Si ternary phase. Little or no interfacial reaction was observed in
drilled compression specimen, in which individual fibe's the N"1203 system for up to 4 hours at 1100°C, which also suggests
were inserted in the prospective path of the crack. that A] 20 3 may be a potential diffusion barrier to minimize reactions in
.nterface properties are correlated directly with the the Nb/SiC system. Similar interesting observations were made in the
toughening properties. Crack/fiber interactions are To/SiCandTa/A 2 0 3 systems.
discussed in terms of the ductility and thickness of the
metallic interface.
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N2.2 thermodynamics, kinetics, and atomistics. The presentation then
focuses on the effect of spinel interphase layers on interface

SILICON-BASED OXIDATION-RESISTANT COATINGS ON mechanical behavior. Interface fracture resistance measurements are
NIOBIUM METAL. P.D. Stupik, A.R. Barron*, correlated with the resulting fracture morphologies. The
Department of Chemistry, Harvard University, microstructural origins of the observed mechanical behavior are
Cambridge, MA 02138; M.A. Nastasi and T. Jervis, identified, establishing a sound basis for evaluating the potential for
Los Alamos National Laboratory, Los Alamos, NM87545. tailoring interface tenacity by controlling spinel interphase formation.

Silicon coatings of varying thicknesses on N2.5
niobium substrates were subjected to thermal,
laser, and ion beam mixing, and the effectiveness THE FORMATION OF PERIODIC STRUCTURES DURING SOLIDof the different methods for the synthesis ofTEFOM INO ERDCSRUURSURGSLD
gradedinteraest wahs core. the rhesing oSTATE INTERACTIONS BETWEEN Pt AND SiC. T. C. Choumetal/silicon interfaces were characterized by and A. Mishra, R & D, Engelhard Corp., Edison, NJ
XPS, Auger and RBS. The morphology of the
coatings were studied using SEM. The samples were Interfaces between Pt and SiC are produced by
baked under an oxygen atmosphere in order to diffusion bonding at temperatures from 800 to
assess the relative stabilities of the interfaces 11000 C. Periodic structures consisting of alter-
to thermal stress and oxidation. nating layers of C/Pt3Si, C/Pt2Si and C/platinum

silicides mixture are generated in the diffusion
N2.3 zone at 900, 1000 and 11000C, respectively. The

spacing between periodic layers decreases as a
EFFECT OF AMBIENT ATMOSPHERE ON TIIN FILM function of distance from the reaction interface.
REACTION OF Si 3N4 WITH Ti. S.B.Desu, Department of The interactions between Pt and SiC are extensive;
Materials Engineering, Virginia Polytechnic Institute and State the reaction rate constants were calculated to
University, Blacksburg, VA; and J.A.Taylor, AT&T Bell vary between 10 - 7 to 10 - 4 cm2/sec from 900 0 C to
Laboratories, Allentown, PA. 1100 0 C. A direct decomposition of SiC into free C

and Si, which immediately reacts with Pt forming
platinum silicides, are evident. The formation of

The thin film reactions of Si 3 N4 with Ti were carried out in both platinum silicides cause an interfacial melting
argon anu nitrogen under rapid thermal conditions. The reaction between Pt and SiC at respective temperatures.
products were characterized by X-ray diffraction, Auger electron Scanning Auger microscopy, laser Raman spectros-
spectroscopy (AES), X-ray photoelectrun spectroscopy, anud copy, secondary electron microscopy and x-ray
zraun-smission electron microscopy (TEM). The reaction between diffraction were used to investigate the inter-
Si3N4 and Ti is a complex process which is not only influenced by actions. Composition profiling across the diffu-
*emperature, but also by ambient atmosphere. sion zone and chemistry of the periodic structures

are examined. Raman spectroscopy indicates that
The Si3 N4 and Ti reaction in argon at lower temperatures led to the carbon is in either a glassy state or highly
L).rnation of mostly TisSi3 at the interface, with some contaminant ordered graphitic. state, depending upon its
o:.gen and nitrogen released from the reaction, uniformly dissolved location from the reaction interface. The
"h17oughout the unreacted Ti. At higher temperatures, a three layer mechanism of the periodic structure formation is
tr cture, TiN/TiSix/TiN on unreacted Si3 N4 , was developed discussed based on solid solubility limited phase

Dpending on temperature, the observed silicide phase was either separation during solidification of the3i Si5 or iSP, C54). interfacial melts.

B1sed on the experimental observations, a mechanism of reaction is N2.6
proposed and used to explain the formation of three-layered
structure. FIBRE.MATRIX REACTION ZONES IN MODEL SILICON

CARBIDE - TITANIUM ALUMINIDE METAL - MATRIX
N2.4 COMPOSITES. P.J.Doorbar, Rolls-Roycepic., Derby, U.K.;

D.R.Baker and M.H.Loretto, School of Metallurgy and Materials
SPINEL NTERPHASE FORMATION AT Ni/A120 3 INTERFACES - Science, University of Birmingham, Birmingham, U.K.
PROSPECTS FOR TAILORING INTERFACE TENACITY. KeviP.
Trumble. Manfred Rdlhle*, and Anthony G. Evans, Materials Titanium aluminide-based metal-matrix composites are currently being
Department, University of California, Santa Barbara, CA 93106; 'now investigated to determine their suitability for high temperature engineering
at: MPI hir Metallforschung, Stuttgart, FRG. applications.

The applicability of many metal-ceramic combinations as high Model composites with TiAI, Ti3 AI, and Ti3 AI + 03 matrices, and coated
temperature composite materials is ultimately limited by interfacial SiC continuous fibre reinforcement, have been produced. The fibre

-matrix reaction zones have been characterised by a combination of opticalchemical reactivity. Among the chemical processes occurring at microscopy, SEM, TEM, EPMA, EELS, EDX, SAD and CBED.
metal/ceramic interfaces, interphase formation has often been
associated with dramatic changes in interface mechanical integrity. If Investigations reveal extensive multi-phase reaction zones in all the
amenable to processing control, interphase formation represents a composites. The phase formation can be rationalised partly by reference to
potential means of tailoring interface tenacity and, in turn, published phase diagram information. Complex carbides of Ti2AIC or
composite mechanical performance. Ti3 AIC type appear to b major constituents of the reaction zones, and

extensive P-depleted regions are present around fibres in the TiAl +
In the Ni/A120 3 system, nickel aluminate spinel (NiA120 4) reaction matrices. TiC-type phases are, in all cases, present nearest to tie fibre,
layers have been found to form in numerous diffusion bonding and and titanium silicides with dissolved Nb and Al are also observed as
composite compatibility studies. Only recently, however, have the narrow bands in the reaction zones. There is some evidence of Al rejection

thermodynamics, kinetics, and atomstics governing the underlying from reaction zones into all of the matrices.
reaction process been quantitatively elucidated. Specifically, an
oxygen activity dependence of spinel interphase formation has been
clearly identified, which provides a means of controlling the
formation of spinel reaction layers at NI/AI20 3 interfaces.

The oxygen activity effect is briefly reviewed in terms of the reaction
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N2.7 efforts of incorporating metallic glass ribbons
TRANSMISSION ELECTRON MICROSCOPY STUDIES OF failed due to a severe lack of adhesion.
SILICON NITRIDE/SIICON CARBIDE INTERFACES. H.j In other metal matrix composites it is well known
Klebe, M. Ruble, UCSB, Materials DepL, Eng. I1, Santa Barbara, that heat treatments can lead to an improved ad-
CA; and N. Corbin, C.W illkens, Norton Co., Northboro, MA. hesion by diffusional bonding, but annealing of a

metallic glass usually results in severe embrit-
Microstructural investigations of four silicon nitride based whisker- tlement. In some primary crystallizing glasses,
reinforced ceramic materials were performed using a 400 kV trans- however, embrittlement is reduced during primary
mission electron microscope. Chemical analysis of interfacial regions crystallization, i.e. strength and ductility is
and triple point grain junctions in these materials were obtained via regained in the partially crystallized state.
energy-dispersive x-ray spectroscopy (EDS) and a parallel electron The interfacial reaction in a-Fe 2 Ni4 2 B, 6 /Ni com-
energy loss spectrometer (PEELS), anached to the microscope. posites has been studied systematically by cross
All materials sectional TEM. During primary crystallization of

swere prepared under identicalexperimentalconditions, y- (Fe,Ni) in the bulk of the ribbon, very fine
including a HIPing cycle as the densifying step. Using two different y-crystals grow epitaxially from the interface
whisker sources (Tokai-, AMI-whiskers) as well as uncoated and C. with the Ni matrix into the original glass, thus
coated reinforcements the densified silicon nitride materials revealed producing a new amorphous/crystalline interface
marked differences in the resulting mechanical properties. with excellent adhesion.

This investigation focusses on the microstructure and the chemical This work was supported by the DFG: SFB 316-G3.
analysis of the interface between Si3N4-matrix and SiC-whisker.
Combined HREM- and EDS / PEELS-investigations reveal that the N2 .10
observed deviations in RT- mechanical properties are mainly HIGH-TEMPERATURE EVALUATION OF THE NICKEL/GRAPHITE
influenced by the microstructural and chemical development of the INTERFACE. Nea S. Wheeler, David S. Lashmore and
interface. Thereby, this phenomenon can be closely related to the Alexander J. Shapiro, NIST, Gaithersburg, MD.
surface chemistry and the C-coating of the reinforcements. Moreover,
a comparison between these whisker-reinforced and a bulk Typically, failure in metal matrix composites (MMC's) can

be traced to the interface between the fiber and theSi3N4-material with similar mechanical properties will be presented. matrix. Since interfacial failure may be due to one or
more of a number of processes, it is important to identify

N2 .8 the failure mechanism in order to determine the most

THE EFFECT OF TEMPERATURE ON THE CHEMISTRY AND appropriate means of improving the interfacial
MORPHOLOGY OF THE INTERPHASE IN AN SCS6Ti-6AI-4V characteristics.
METAL MATRIX COMPOSITE.C.Jon *C.J.Kiely, and S.S.Wang
National Centre for Composite Materials Research, University of Illinois, A nickel/graphite MMC was produced by electroplating
Urb..na, Illinois 61801-*Materials Research Laboratory, University of nickel onto a 7 Am polyacrylonitrile (PAN) graphite fiber
Illinois, Urbana. Illinois 61801.(C.Jones and C.J.Kiely are now at tow (3000 fibers/tow) to a thickness of approximately 0.5
Liverpool University, England) to 1 cm. The MMC was cut into 5-7 sections which were

then individually encapsulated in quartz ampules under a
Using TEM. Auger spectroscopy, EDX and convergent beam electron vacuum, of 10-5 Pa (10 7 torr) and heat treated at 600,
diffraction, a thorough charactensation of the interphase region between 800 and 1100 'C for time ranging from minutes to hours.
SCS6 fibres and Ti-6AI-4V matrix in a metal matrix composite has been Scanning electron microscopy (SEM) was used to observe the
performed. The interphase region is shown to be very complex, composites before and after annealing. Degradation of the
consisting of numerous layers of varying compositions and thicknesses fibers at T<800 *C was found to result from diffusion of
most of which originate from the coating applied to the fibre by the the graphite into the matrix. At T >800 "C, however, the
manufacturer. This coating consists of several layers of carbon each data suggests that nickel diffuses into graphite parallel
containing small but varied concentrations of SiC. Howeverchemical to the basal planes. Thus, any improvement in the
interaction hds occurred between fibre and matrix resulting in the nickel/graphite interface should involve a diffusion
formation of a layer of TiC and another of TixSiy(C), the latter being barrier to separate the fibers from the matrix.
sandwiched between the the TiC and the matrix itself. This paper will discuss diffusion barriers which weredepit ae i direc onoiheffuiobrers orhapicato ofr
The changes in chemistry and morphology within this interphase region deposited directly onto the fibers before application of
upon exposure to varying heat treatments have also been studied. These the nickel matrix to inhibit nickel/carbon interdiffusion.
changes such as the formation of small TiC particles at one interface, and
the narrowing of a protective pyrocarbon layer at another, induce fracture N2.11
to occur at different places within the interphase upon heating. The THE INFLUENCE OF INTERFACIAL MODIFICATION ON TENSILE
reasons for this are explained. Evidence for a change Ti5Si 3 is also STRENGTH OF GR/AL COMPOSITES. Chen Ho, Guoding Zhang and

Renlie Wu, Institute of Composite Materials, Shanghai Jiao
given. Tong University, Shanghai 200030, P.R. China

N2. 9 Varing the composition of the matrix alloy has been a use-
ful technique for tailoring the interfacial structure of

IMPROVED INTERFACIAL ADHESION IN METAL MATRIX/ metal matrix composites. Here we provide results of the
METALLIC GLASS COMPOSITES. Uwe KOster & Margret influence of different interfacial structures on the mecha-
Blank-Bewersdorff, Dept.Chem.Eng., University of nical properties for graphite fiber (M40) reinforced alumi-
Dortmund, D-4600 Dortmund 50, F.R. Germany num alloys. The composites are produced by Ti-B CVD coat-

ing on the fiber and then infiltrate with molten aluminum
Metallic glasses exhibit a combination of attrac- alloys. The composition of the Al alloy matrix are selec-

tive properties, e.g. high strength combined with ted as Al-Ti (Ti oversaturated), Al-Cu-Mg system. alloy and
good ductility and corrosion resistance; in addi- compare with pure Al. We note that Al-Ti alloy with Ti

o doversaturated matrix has a excellent improvuent on the ten-
tiorp their casting geometry as thin ribbons made sile strength of the composites. That is almost 100% coin-
them interesting for the use as strengthening fi- cide with the ROM predicted value even at 600C higher tem-
bers in metal matrix composites. However, previous perature, but only 50% of ROM for Al-Cu-Mg system matrix.
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XPS study reveals that the original Ti-B coating layer is a optical microscopy monitoring to yield information about
complex but loose structure, it includes Ti 0, TiB and the evolution and attainment of critical fragment popula-
A.20 mainly. This layer may prevent the iterfacal reac- '--. Results show that interphase strength in this
tion between fiber and Al alloys matrix in a different system is limited by the presence of weakly bound layers
extent. The TFM micrograph shows the composite with Ti on the fiber surface.
oversaturated Al-Ti matrix has a rather broad and distinct
interphase, and remains it after higher temperature treat-
ment, comparatively, for the interphase of pure Al matrix N3.3

is narrow. We consider the original coating layer probably APPLICATION OF COLD PLASMA IN TAILOR-
remains in a larger extent for the former case, since the
matrix is Ti oversaturated, it may block the reduced Ti DESIGNING COMPOSITE INTERFACES. Nakho Sung,
element diffuse into Al matrix. In the case of Al-Cu--Mg Laboratory for Materials and Interfaces, Tufts University,
system matrix, it also has a broad but two phase structure Medford MA 02155.
of interphase. By means of SAM analysis, it is obviously
AI4Cn and intermetallic compound CuAI2 constructions, but
uot he original Ti compounds. Low temperature plasma generated by glow discharge is a

convenient tool for the surface modification. Depending on
N3.1 the type of gas and the reactor configuration used, the
THERMOMECHANICAL STABILITY OF ORGANOSILANE AND treatment varies from a simple change of surface chemistry,
ORGANOTITANATE INTERPHASES IN GLASS REINFORCED such as oxidation or aminization, to a grafting of polymers
COMPOSITES. A.T.DiBenedetto, S.Connelly, having different structure and thickness. Through the fiber
J.Gomez, G.Haddad, University of Connecticut,
Storrs, CT. 06269. surface treatment, therefore, composite interphase can be

tailor designed. For example, in graphite fiber reinforced
The thermomechanical stability of a number of composites, fiber surface may be modified either by plasma
organosilane surface treatments for glass fibers
used in fiber reinforced epoxy and polyester of simple gas or by plasma polymerization of monomers
composites has been evaluated. The force such as acrylonityile, depending on the nature of matrix. In
transmission across the fiber/matrix interface aramid fiber/elastomer case, fiber can be modified by
was measured as a function of temperature and
exposure to water using a fiber fragmentation implanting flexible chain polymers through plasma-induced
test. Both the organosilane molecular structure polymerization of butadiene. In all cases, interfacial
and the treatment conditions were varied. In properties, such as adhesion or load transfer efficiency, are
addtion, a titanate/polyether sulfone coupling
agent was synthesized in-situ on the surface of strongly dependent on the structure of modified surfaces. In
E-glass fibers. The effect of the titanate on the particular, wetting characteristics chemical reactivity,
engineering properties of fiber reinforced degree of cross-linking (or open structure), and thickness of
polysulfone composites was assessed, the treated layer are important structural parameters in

It was found that the effectiveness of the promoting adhesion through primary bondings and/or
coupling agents was strongly dependent on molecular interdiffusion mechanisms.
treatment time and the level of water both in the
treatment solution and on the fiber surfaces.
Non-aqueous treatments promoted higher fiber N3.4
strength, but required exceptionally long THE EFFECTS OF FIBER SURFACE TREATMENTS BY A COLD PLASMA
treatment times. The presence of phenyl IN CARBON FIBER/BISMALEIMIDE COMPOSITE. Tao C. Chang and
substitution on amino silanes improved the Bcr Z. Jang, Materials Engineering Program, Department of
thermal stability in epoxy and polyester Mechanical Engineering, Auburn University, AL 36849
composites, but modified the hydrolytic stability
in a less predictable fashion. It was also found The surfaces of carbon fibers (Hercules AU-4) were treated
that the in-situ prepared titanate/polysulfone by a cold oxygen or ammonia plasma. Efforts were made to
oligomer improved the static and fatigue define the optimal conditions of plasma treatments by
properties of the polysulfone composites. adjusting the operational parameters, e.g. flow rate of

gas and plasma power. The change in surface composition
N3.2 of various treated carbon fibers was characterized by X-

ray photoelectron spectroscopy (XPS). Elemental surface
FILAMENT FRAGMENTATION PHENOMENA. Juan C. Figueroa, concentrations were calculated from the corrected XPS peak
E. I. du Pont de Nemours & Co., Inc., Wilmington, DE; area. The fiber surface free energies and the proportions
Linda S. Schadler & Campbell Laird, University of of polar and dispersive components were determined by the
Pennsylvania, Philadelphia, PA. contact angle measurement using a micro-Wilhelmy technique

which Incorporated five liquids having a wide range of
The affect of fiber surface treatments on the inter- polar to dispersive free energp ratios. A two-component
relationship between the tensile strength of a filament bismaleimide system ( MatrimidIM 5292 CIBA-GEIGY ) was
and the shear strength of its interphase region is one of used as a matrix for composites containing either
the central issues facing composite materials technolo- untreated or treated fibers. Transverse tensile test was
gists today. chosen as a primary method in studying the change of

interfacial strength caused by plasma treatments.
We demonstrate here that analysis of fragmentation phenom- Scanning electron microscopy (SEM) was used to show the
ena in monofilament composites can simultaneously yield effect on the fiber surface topology and the fracture
information about these two parameters. An analysis of morphology of composites. A correlation was established
critical fragment populations which leads to the deter- between fiber surface properties and mechanical
mination of interphase strengths is presented here. This performance of composites.
analysis considers issuus such as the strain energy
exchange between fiber and matrix during filament frac-
ture, as well as interphase relaxation due to visco-
elastic behavior.

PAN-derived carbon/polycarbonate monofilament composites
were deformed parallel to the fiber direction in-situ to
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N3.5 angle light scattering ,'ere utilized to study the kinetics
of transcrystallization; microdebonding was also adapted toTAILREDINTRPHSES N FBRERE~fURCD PLYMRS. study the interfacial shear strength of the transcrystalline

Michael R. Piggott, Dept. of Chemical Engineering, University of layer.
Toronto, Toronto, Ontario, Canada.

The use of fibre coatings to enhance adhesion between fires and polymers N3. 8
normally means that, in the fibre composite, sote resiude of the coating is TBE EFFECT OF SALT WATER ABSORPTION ON
present at the fibre-matrix interface. This constitutes the interphase. The INTERrACIAL DEGRADATION IN POLYMERIC COMPOSITE
mechanical properties of this material may be measured using special MATERIALS. Walter L. Bradley and Tim Grant,
equipment developed to do simple fibre pull out tests. These tests have the Mechanical Engineering, Texas A&M University,
advantage of revealing the interphase failure mode (i.e.. brittle or ductile) College Station, TX 77843.
as well as providing such data as work of fracture, yield stress, interfacial
pressure and the coefficient of friction for post-debonding slip. The The effect of salt water moisture absorption on
equipment may thus be used to monitor coatings designed to develop the interfacial strength has been studied using
particularpropernies. Results obtained so far indicate some ductility and graphite and glass fibers in matrices of eight
yielding with thermoplastic interphases, while thermoset interphases polymeri= materials including both thermosetting
appear to be universally brittle, with small works of fracture and thermoplastic systems. The effect of
(10-200 Jm-2). The ideal interphase should probably have a moderate moisture degradation has been measured using
yield stress, to give the composites adequate compression and yield transverse tensile strength, comparing specimens
strength. After yielding, the interphase should fail in such a way as to give which have not been immersed in salt water
long fibre debonds, so that the composite has good impact resistance (simulated ocean environment) to those which
through promotiono f fibre pull outs. The pressure across the interphase have.
should be controlled so that fibre pull out lengths are maximized.

The details of the degradation process(es) have
N3.6 been studied using direct observation of the

transverse tensile tests in the scanning
A TEN STUDY OF AN ADHESIVE / SHEET MOLDING electron microscope. Specimens polished to
COMPOUND INTERFACE. Eduardo A. Kamenetzky and clearly reveal fiber ends and the matrice are
Raymond S. Farinato, American Cyanamid, Stamford loaded in the SEX and the nature of the fracture
Research Laboratories, Stamford, CT. process noted. A comparison of the details of

the fracture process(aes) for transverse tensile
The interface between an epoxy adhesive on sheet tests on both dry specimens and ones previously
molding compound (SMC) was studied by TEM. The immersed in salt water gives good indication of
interface width is less than 20 nm where it is the nature of the degradation that results from
sharp and on the order of 40 nm where it is more salt water immersion, particularly
diffuse. The interfacial area in the TEM sample distinguishing moisture degradation of the
is located first by the difference between interface from moisture degradation of the
adhesive and SMC microstructures. Where there are matrix.
no microstructural features we can investigate
further the location of the interface by using the N3.9
Mg Ka peak from magnesia thickener in the
polyester matrix of the SMC. Calcium carbonate THE INFLUENCE OF WATER ON THE EPOXY RE-
crystals in the SMC extend to within less than 25 SIN-GLASS INTERPHASES. Robert Kosfeld, Thomas
nm of the interface. Measurements of interface Marzi, Ulrich Schroder, Michael H , University of
extent and roughness indicate that there is Duisburg, Departement of Physical Chemistry, D-4100
intimate contact and good mechanical bonding Duisburg, FRO.
between the adhesive and SMC.

The incorporation oi water largly effects material proper-
The strength of an adhesive-SMC joint depends on ties of &lass-ber-apoxy resins. Experimentally it can be
the microstructure of the interphase as well as on discriminated between incorporation of water in the
the nature of the bonding of the adhesive to the polymer matrix and in the polymer-glass--interphase.
polyester matrix of the SMC. The formation of this Glass-transition temper te in the beginning of the
interphase region will be driven thermodynamically water resorption at 70 0C is decreased but later remains
and be limited by the chemorheology of the curing constant at a distinct value indicating a change in the
adhesive. The surface and interfacial energetics mechanism governing water the sorption.
of this epoxy-SMC system were evaluated using Parllel to this observation an additional deep tempera-
sessile drop advancing contact angles. Good ture relaxation process is observed in the dynamic-cme-
mechanical bonding observed by TEM is consistent chanicaI experiment. This does not occure in the pure
with a small advancing contact angle of 200 for resin without glass--ibers and it indicates property
the epoxy adhesive on the SMC at 121 OC which changes in the poymer-glass-interphase.
shows a good thermodynamic driving force for the
intimate contact during the bonding process. N4.1

N3.7 INTRINSIC MATERIAL LIMITATIONS IN USINGINTERPHASE MODIFICATION TO ALTER FIBER-MATRIX
STUDY OF TRANSCRYSTALLIZATION IN POLYMER COMPOSITES. ADHESION IN COMPOSITE MATERIALS. Lawncaera T.
BenaS. 2. siao and Eric J. H. Chen, E. I. du Pont lz al. Composite Materials and Structures
e emours & Co., Inc., Fibers Department, Pioneering Cancer, Michigan Sta University, East
Research Laboratory, Experimental Station, P.O. Box 80302, Lansing, MI 48824-1326Wilmington, Delaware 19880-0302

Fiber surface induced transcrystallization has been reported A very large percentage of studies seeking to
in many composite systems. It is believed that the trans- improve fiber-matrix adhesion to alter composite
crystalline region exhibits different properties than the ptoperties are directed at the formation of
bulk matrix due to a different morphological arrangement. primary chemical bonds between the reinforcement
In this work, it is our intention to examine the surface- surface and the matrix. The dynamic events that
induced transcrystallization in the present composites and Occur when the fiber-matrix interface is formed
to discuss some possible attributes of this phenomenon. lead to the creation of an interphase which can
Some characterization techniques, including thermal anal-
ysis, optical microscopy, dynamic torsional test and small
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have properties quite different from the macrix N4.4
in addition to any chemical bond formation. EFFECT OF SURFACE OXYGEN ON ADHESION OF CARBON FIBER

This study has been directed ac elucidating the REINFORCED EPOXY COMPOSITES. P. W. Yip and S. S. Lin, Army

role of these interphass properties themselves Materials Technology Laboratory, Watertown, MA 02172

on fiber-marix adhesion. A reinforcement (AS-4
carbon fiber) with a quantifiable surface Over the past 20 years, carbon fiber has become a major
chemistry and in epoxy matrix have been kept reinforcing substance for lightweight structural materials.
constant through a series of experiments in The strength and the degree of a reinforcement is dependent
which the distance between crosslinks of the on fiber surface chemistry and morphology. Yet the
matrix has been changed. The wettability of the interaction between the fiber surface and the matrix for
fiber and the degree of chemical bonding to the better adhesion is not clearly understood. The mechanical
fiber have not changed but the interfacial shear properties and ultimate performance of composites tie
strength measured for each of these systems has intimately with surface morphologies of the fibers.
decreased with decreasing matrix modulus. It
will be shown that the properties of the matrix In this paper, the adhesion mechanism involved in the fiber
and the residual stresses created during epoxy resin composites is examined. Three carbon fibers of
procesng limit the maximum interfacial shear different origins are treated by chemical reagents to modify
stress that can be supported by the fiber-matrix fiber surfaces. The surface morphology and chemistry are
interphass. studied by scanning electron microscope, X-ray photoelectron

spectroscopy and scanning Auger microprobe techniques, and
N4.2 adhesion strength by the transverse tensile strength (TTS)

of the fiber epoxy composites. The amounts of oxygen
ACID/BASE PROPERTIES OF CARBON AND GRAPHITE existing on the fiber surfaces are compared with ITS of the
FIBER SURFACES. Sheldon P. Wesson, TRI/Princeton, reinforced composites.
Princeton, NJ; and Ronald E. Allred, PDA Engineering, Materials
Dev. Dept., Albuquerque, NM. The surface morphologies of these three fibers after the

treatments change considerably. The extent of oxidation on
Carbon and graphite fiber surfaces were analyzed by inverse gas the carbon fiber surface is dependent on the chemical
chromatography, using Lewis acids and bases as probe adsorbates reagents, the surface structures and the fiber precursors.
to determine the effect of electrooxidation and radio frequency glow The degree of adhesion is not promoted substantially either
discharge plasma treatments on surface add/base properties. by the amount of oxygen or by carbon oxygen functional
Adsorption isotherms computed from chromatograms were groups on the fiber surface. The chemical treatments not
analyzed with the CAEDMON algorithm (Computd hAdsorption only increase the abundance.of oxygen on the surface, but
Energy Distribution in the MONolayer) to obtain histograms of also enhance surface roughness. The increased roughness in
surface area fraction versus adsorption energy. Changes in surface surface micro-domains is a major factor governing the carbon
heterogeneity revealed by adsorptive energy distributions were fiber-epoxy resin adhesion.
correlated with wetting data and surface chemical composition
deduced from high resolution x-ray photoelectron spectroscopy. N4.*5

Histograms from adsorption isotherms using the Lewis base show INTERFACIAL EFFECTS OF PLASMA TREATMENT ON
fiber surface energetics are bimodal, with most of the surf&.e
presenting dispersion force or weak acid/base attraction to the FIBER PULL-OUT Urnesh Gaur, TRI Princeton, P.O. Box
probe. A small surface fraction of acid sites shows strong 625, Princeton, NJ 08542; Theodore Davidson, Center for
chemisorptive properties, and this area fraction increases Surface & Interface Res, Univ. of Connecticut, Storrs, CT
systematically with the degree of electrooxidation. RF glow 06269-3136.
discharge plasmas are effective at enhancing surface acidity,
especially on high modulus graphite fibers that resist conventional
electrooxidative processes. Because of the accepted importance of the fiber-matrix interface
Chemisorptive properties of acid sites were investigated by for load transfer, toughness, and durability, we have worked to
programmed thermal desorption of the Lewis base from fiber modify this interface by plasma treatments of the fiber
surfaces. Preliminary results suggest that plasma treatments component. The treatments involved low temperature
activate the surface, while causing less physical damage to the near conent.l Theu teams inoe ow tempersurface region of the fiber non-equilibrium plasmas using one or more gases to oxidize or

reduce the fiber surface. Treatments of the fibers-as yarn-were

conducted for 10 minutes at pressures of 500 mTort with input
N4.3 power of 50 watts at 13.56 MHz ILSS, was evaluated by the
CORRELATION BETWEEN FIBRE SURFACE ENEGErICS AND microbond technique [Gaur and Miller, Composites Sci. and
FIBRE-mATRIx ADHzSION IN CARBON FIBRE REINFORCED PEE Tech., 34, 35 (1989)] in which a droplet of cured epoxy resin is
COMPOSITE. D J Sods, B liddlestiss and J A Peacock. sheared from the fiber. Aramid-epoxy showed an increase in
ICI Wilton Materials Research Centre. PO Box No 90, ILSS from untreated at 30 MPa to 57 MPa after an oxidizing
Wilton. Cleveland, TS6 SWE. U plasma treatment. With high modulus polyethylene fibers the

Surface energies of carbon fibres at different levels of initial value of ILSS, I MPa, was increased to 8 MPa by treatment

surface treatment have been determined by a wetting force with a non-oxidizing plasma. Further work is directed toward
technique and related to fibre-mtrix adhesion in carbon establishing changes in surface morphology and chemistry by
fibre reinforced 1 composite. The effect of oxidative SEM and XPS.
surface treatment on the surface free energy is detailed,
along with the changes in surface oxygen and nitrogen N4.6
content. as determined by X-ray photoelectron
spectroscopy (XPS). The work of adhesion has been INTERPHASE BEHAVIOR IN CYCLIC FATIGUE OF
calculated for the carbon fibres and thermoplastic, MONOFILAMENT COMPOSrIES, LiS _Shad, U. of
which correlate well with experimental determination of Pennsylvania, Philadelphia. PA; Juan C. Figueroa, E.. du Pont
interfacial strength. The technique can therefore be do Nemours & Co. (Inc), Wilmington, Delaware; C. Laird, U. of
used to predict adhesion levels in fibre reinforced Pennsylvania, Philadelphia, PA.
composites.

Macroscopic properties of continuous-fllament composites are

known to be dependent on fiber-matrix interphase behavior.
Monofilament graphite/Polycarbonste composites have been
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used as a model system to study the cyclic fatigue properties of N4. 9
the interphase region. The stress transfer efficiency (the INTERFACIAL INTERACTIONS IN SILICA REINFORCED
ability of the interphase to transfer load from the matrix to the SILICONES. M.I. Aranguren, C.W. Macosko. M. Tirrell and B. Thakkar,
fiber) of the interphase was monitored using a modified UniversitofMinnesota, Minneapolis, MN 55455
critical length technique. In order to determine the role of
the interphase in cyclic deformation, the interphase was Polydimethylsiloxanes give elastomers that are very stable under different
varied by etching the fiber surface. Correlations between environmental conditions and stay rubbery over a large range of
fiber surface energetics, morphology and matrix properties temperatures. However, they are mechanically very weak and so they are
have been made with cyclic damage. It has been found that reinforced with fumed silicas. The dramatic improvement of properties is
damage (reduction in interphase stress transfer efficiency) not only due to the open structure of the silica aggregates that occlude part
due to cycling transverse to the fiber direction depends on of the polymer but also to the great affinity of the filler and matrix.
both strain rate and amplitude indicating a strong influence of
the viscoelastic properties of the matrix on damage. However, We have worked with vinyl terminated polydimethylsiloxanes of different
the maximum damage, corresponding to a complete debonding molecular weight (Mn = 9000 to 146000) and fumed silicas of different
of the matrix and fiber, depends predominantly on fiber surface treatment. All the silicas were modifications of Aerosil 130
surface morphology. Damage due to cycling in the (Degussa), so that the surface silanols were replaced by methyl groups or
longitudinal direction was observed only after fiber failure methyl and vinyl groups.
and is therefore dependent on fiber strength.

Diffusive reflectance IR spectroscopy was used to characterize the surface

N4.7 of the silicas and the adsorption of the polymer. The amount of bound
rubber (fraction of polymer in the uncured state that is "irreversibly"

INTERLAMINAR FRACTURE IN CARBON FIBER/THERMO- adsorbed to the filler) is a function of the concentration of silanols in the
PLASTIC COMPOSITES. J.A. Hinkley. NASA Langley Research silica and the molecular weight of the polydimethylsiloxane. The bound
Center, Hampton, VA; W. D. Bascom, University of Utah, Salt Lake rubber was measured by extraction in chloroform which only leaves the

City, UT; and R. E. AlIred, PDA Engineering, Albuquerque, NM. strongly adsorbed polymer and probably extracts occluded and entangled
chains. The amount of adsorbed polymer per weight of filler is independent
of the filler concentration.

Although commercial surface treatments and sizings generally The rheology of the uncured rubber can be qualitatively explained by a

produce strong interface in carbon fiber/epoxy composites, much model where the aggregates are connected to each other through the
less is known about how to optimize carbon fiber/thermoplastic polymer. The connections can be due to entanglements of the bulk-chains
systems. Several lines of evidence suggest that standard or direction polymer bridging of the aggregates. Experiments using a
oxidative fiber treatments are inadequate, surface force apparatus to measure the forces due to the two types of

connections are underway.
This presentation will review embedded fiber tests, composite
toughness data. and fractography, all of which point to the N4. 10
prevalence of interfacial failures in thermoplastic composites.
Data on unidirectional composites made from the model resin AN INTERFACIAL THERMODYNAMIC STUDY ON NTC PHENOM-

poly(2,6-dimethylphenylene) oxide will be used to illustrate how ENON OF CONDUCTIVE HDPE COMPOSITES Zhang Mingqiuand Zen$ Hanmin,Materials Science Institute,Zhong-
interface effects can lead to a greater than two-fold variation in shan Universty, Guanrighou, P.RS C.
Mode I interfaminar toughness. Progress towards improving
adhesion using plasma treatment of fibers will be reported. NTC (Negative Temperature Coefficient) phenomenon
Finally, an unexpected case of resin degradation, apparently has limited the application of conductive corn-
promoted by the fiber, will be described. posites with crystalline polymer matrix in PTC (

Positive Temperature Coefficient) sensitives,self-

N4.8 controlled heaters, etc. In this paper, the inter-
facial characteristic and resistance-temperature

EFFECTS OF SURFACE TREATMENTS ON TENSILE AND property of the conductive composites comprised of

INTERFACE SHEAR STRENGTHS IN GLASS FIBER/RESIN high density polyethylene (HDPE), carbon black(CB)
MATRIX COMPOSITES. Albert A. Kruger, and graphite (GR) were studied with the help of

Pacific Northwest Laboratoryia). Chemical Sciences. contact angle measurement technique in order to

Richland, Washington 99352-0999 make out a possible mechanism of NTC and a way to
control it.The experimental result showed that the

Fracture mechanics derived for materials containing composites exhibited PTC below the melting point af

distributions of tiny cracks is found to be contradictory HDPE, but NTC above it. On the other hand, it was

with analyses of fatigue data for treated glassfibers. Futher- found that with increasing temperature, the inter-

more. the supposition that microcracks are formed on the action and wettability between fillers and the

glass surface at the time of fabrication is inconsistent with resin weakened linearly. When temperature went

theproductionoffiberswithanapparentlackofstatistical beyond the melting point of HDPE, those CB and GR
vaerodtion of akingestrths. eithr bre k o sat a particles which had been separated by the movement
variation of breaking strengths. either before or after of polymer chain units previously could displace a
accelerated aging. little more easily to accumulate once again form-

ing a number of continuous electric paths in such

Arrhenius calculations on the results of zero stress fatigue resin of better fluidity. Hence, the conductivity

experiments indicate that the rate-determining step of of composites were improved and NTC occurred. This

glass aging Is consistent with an interstitial hopping of was a process that the system free energy dropped

highly mobile cations. Surface treatments used to modify owirg to the reduction of interfacial area between

the chemical corrosion mechanism alter the performance fillers and resin during this reconnection of fill-

of glass reinforced plastics (grp) composites. The effects of era. A survey of the spreading coefficient also

this chemistry on initial fiber strengths, resistance to proved this tendency. We considered that surface

aging, and preliminary composite properties are reported. treatment which lowers surface entropy of fillers

and resin would reduce NTC effect.

(a) Operated for the U.S. Department of Energy by Battelle

Memorial Institute under Contract DE-ACO6-76RLO 1830

54



N5.1 phenomena that conmbute to the adhesive strength of a polymer/meta-metal
FRACTO-EMISSION STUDIES OF INTERFACIAL oxide interface. Carbon-13 solid-state NMR has been used to study theseFAILURE IN COMPOSITES. OF INTE L.C. phenomena in the reactive adsorption of poly(methyl methacrylate) onFAens E aN 3.MPOSITES.* A. Mi.e D e n of P sC, porous aluminum oxide. Reaction of the ester side chain of the polymer
Washington State University, Pullman, WA "164. with the surface hydroxyls is observed in agreement with IR results. Both

the large extent of reaction (>50%) and indications of conformational
We present measurements of the particle emission (electron changes upon adsorption suggest that polymer molecules adopt a flat
and photon emission) during and following the failure of configuration on the surface. The dependence of the extent of reaction on
interfaces associated with composite materials. o molecular weight and tacticity of the polymer will be discussed, togetheremionte easurematentonsem it ent materials Photon with the importance of such results in predicting and promotingemission measurements on semi-transparent materials such as
epoxy and silica glass allow the detection of interfacial polymer/metal adhesion.
failure occurring at surfaces within the matrix. Simultaneous
measurements of electron emission determine the exact time N5.4
when cracks reach the surface of the sample, thereby
providing a path of escape from a fracture surface to the SPRDINfG OF MOM DROPLEs ON CYLMn, Aa, mLFW S:
surrounding vacuum and therefore to the detector. Systems JCRATE DEIHRTIC( OF O ANGLE. H. Daniae
to be discussed include glass fibers embedded in epoxy with Wagner, Polymeric C tes Laboratory, Department of
variations in interfacial bonding, a single metal rod in epoxy Materials Research, The Weizmanm Institute of Science,
tested in a pull-out experiment, and a similar test involving a Rehavot 76100 (lsrael).
metal rod in a silicate glass. The likely mechanism for light
production involves microdischarges resulting from fracture.
induced charge separation at two dissimilar surfaces. We The wetting of cylindrical mmofilamnts by liquid
also present fracto-emission results from controlled polymers is a problem of much scientific and
interfaces, including treated fibers in epoxy, and fiber matrix tec'logical intgortarne. In particular, t
interfaces degraded by exposure to water vapor at elevated c te on of the physicochemical nature of
temperatures. These components of fracto-emission can interfaces is a key problem in the field of advanced
provide a means of monitoring the details of the debonding fibrous compsites. The macroscopic regime contact angle,
process on time scales down to the sub-microsecond level. which reflects the energetics of wetting at the solid-

liquid interface, is very difficult to measure by usual
*Work supported by the National Science Foundation under methods in the case of very thin cylindrical fibers.
Grant DMR 8601281, the Office of Naval Research under
Contract N00014-87-K-0514, the Goodyear Tire Company, In the present article two nrmerical methods are proposed
and the Washington Technology Center. for th calculation of macrocopiLc regime contact angjlesfram the shape of a liquid droplet spread onto a

cylindrical monofilment. These methods, which build anN5.2 earlier theoretical treatments by Carroll, and Yamaki and
.-:,EUC:S ,i7C ISN I'¢U::I3 1DiT:RPHASES ZTHi Kataim, very much inprove t accuracy of the contact

...TINUOUSLY V..ffYI3 FRCF-PRTIZS IN CC:*CSIIZ MATEIJAI. angle obtained. Experimental results with an epoxy-
C. S. Chen, General Dynamics, Ft. Worth, Tx. araraid system are presented to demonstrate the high

degree of accuracy of the methods proposed.
Che transition region between any two different components
in the macrosco.ic comcosite is well known for its effect N5.5
u7IcOn both 'he local -n' global behavior Df the crvosites.
'or simclicity an. for lack of detailed information, in AN OPTICAL METHOD TO CHARACTERIZE IM-
nost treatment, however, an ideal interface is often con- PREGNATION AND WETTING OF GLASS-FIBERS
cidered 4here the concosite only has s-me liscontinuities WITH EPOXY RESIN. Robert Kosfeld, Thomas Mari,
in Froerties. But the transport process, and th- transfer Ulrich Schr6der, Michael H , University of Duisburg,
of res, onse between the different comzonents, and some fai- Departement of Physical Chemistry, D-4100 Duisburg,
iur characteristics in comtosites, have indicated that the FRO.
iie. interface treatment is no longer sufficient. Parti-
culrIy for materi-l iesign, the tailora:le interrhases may The character of the interphase between bulk polymer
nro:ide greater varieties of macroscopic composites for and reinforcing filler or fiber is of great importance for

the mechanical behaviour of the composite. An optical
technique has been developped by Ehrenstein' which is

n -his rrsenation, we attempt tn explore Lome essentials suitable to follow the course of sorption of resin by fiber
of th' transition regions by exa-ining the wave .rpagation material. This technique has been modified and applied
in ci -site naterials consisting of two different material to the sorption and curing process in Epoxy-glass--fiber
elements in alternation. When the composite exhi-its !is- com)OtC5. Thus, in ceran cases it is possible to ob-
-ontinuities in pronerties, then a wave front shows the serve these processes without damaging the sample and
f-iliar attenuati n at thq interfaces where discontinuitieb obtain more detailed information about polymer-filler
occur. 'e cho.+ how the strength of the wave frnt decays interaction during the first stages of production. In
.-cause of the "ideal interfaces". But when the smooth further steps these informations may be corelated to
.rir .itiin inter-hases allowed, no decny occurs iue to mechanical properies of the composits.
structure ri:ht at the wave front. i'e show that the -. r -

tr-ngth f the wave front nscillates between tw' definite H.O. Willax, G.W. Ehrenstein, Kunststoffe 62 (1972)
*.' +S. 'e 1nly re-uire that the second deriv'tives of
s-me -oerial roe -ties be c n-Inuous in th'

, 
intorthases.8

Such constraint still allows many tailoraibi internhases.
.;e -aso zhow th' :ehn , the wave fr nt, a non-uniform 15.6

-n-ergrnce -;ill tr-nsfer the continuous in-er~hises to the THE NFLUENCE OF ANNEALING ON THE BEHA-
:isc ntiruus interfaces when thp thickness of t h tro.nsi- VIOUR OF EPOXY-GLASS INTERPHASES. Robert
ton r-,-"ins shrink to zero. KosfeJd, Thomas Marzi. Uhich Schroder, Michael He, -

University of Duisburg, Depanement of Physical Chei-
145.3 stry, D-4100 Duisburg, FRG.
A SOLID-STATE NMR STUDY OF THE PMMA-A1 2 0 3 INTERFACE Obsrvation of the glass-transition region is suitable for
Kariofilis Konstadinidis. John Evans and Matthew Tirrell, University of invutiption of processes being correlated with the
Minnesota, Minneapolis, MN existence of a polyimer-ler interpa.
Chemical bonding, reactivity and polymer conformation are among the Rooi temperature curing epoxy resins were used with
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and without glass-fibers icorporatel. After the curing process uder reduoed pressure. X-ray powder diffraction
process at room temperature the samples were annealed. data were used to characterize these coatings and results
The differencies in the glass transition of filled and pure suggest that KoOC or wC were fomed. These materials have
resins together with the chemical structure of the resins a variable camqoiticn ranging from N2C0 700 to
and the glass-fiber surface are discussed with respect to H o S. 0ated fibers were used for dnsIWe
the interpZase properties. Shifts of the transition tempe- :iruw4 imsasuremsmts and these eperiments indicate that
rature after annealing compared with unfilled resins the fibers were sot significantly degraded during the
indicates the presence of a interphase with good mechani- coating process. The now coating can be converted into a
cal properties. Me metal coating by beating at 8ooc. similar sudjea

with the tunqsten system showed that 1C coatings could
N5 .7 also be produced that also showed good tensile strengts.

X-ray p sotoelectran spectrocopy exerimnts have beem
THE ROLE OF RESIDUAL STRESSES IN THE CRACKING used to study the caddation states of the elents of the

OF A MODEL METAL-CERAMIC SYSTEM, A1203/Ta(Ti). coati s. Yapping studies by seaning Pmar microscopy
have been used to detemine the uniformity of suc

A.H. Bartlett, M. Riile, A.G. Evans, University of coatings and to study their thicuiesses.
California Santa Barbara, Santa Barbara, Ca.

N5.10
A model bimaterial system, A1203/Ta(Ti), has been SOLID STATE BONDING OF Si3 N4 and Ni. Jian-Yih Wang,
devised in which the residual stresses due to thermal Shu-En Hsu, Chung Shan Institute of Science and Technology,
mismatch between the metal and the ceramic can be Taiwan, R.O.C.; and Yoichi Ishida, University of Tokyo,
controlled by varying the composition of the Ta(Ti) Tokyo, Japan.

alloy. Fractographic characterization using SEM has Since the solid state bonding of Si3N. and Ni has great

been employed to compare the observed cracking applicability in the future, it becomes the most attractive
behavior with that predicted by calculations. topic in the fields of ceramic and metal. From the phase

diagram, nickel can solute a fair amount of silicon and
Depending on the sign of the thermal mismatch, nitrogen. Therefore, the Si3N4/Ni bonding might form the

cracks can occur either in the ceramic or in the ideal bonding interface with no form tio of reaction

reaction product interface. Crack angles correlate phase as in the case of AI203/Nb bonding 1,2.

with the direction of maximum principal stresses. The ceramic used here are Toshiba-made pressureless-
The trajectories of steady state cracks in the ceramic sintering Si3N., added a little Y203 and A1203 as the

are also predicted and compared with experiment. sintering binder, and the nickel is a commercial material
with 99.9% purity. Solid state bonding was achieved by
placing Ni foil (lmm thick) in between two pieces of

TEM has been used to identify reaction phase silicon nitride, loading 12 MPa and heating at 1223k for
products, and characterize the structure of the one hour, and then furnace cooled. JEM-1250 HVEM, JEM-

2000EX HREM, and JEM-4000FX AEM were used for the obser-
interface. Cracks intersecting the interface are vation and composition analysis of bonding interface.

observed, and the role of defects on interfacial crackpoaainassessed. The 4-point bonding strength of SiaN../Ni is about 200MPa.
propagation aIn addition to the direct bonding, an amorphous-like phase

was found existing in some regions of the Si3N./Ni inter-
N5.8 face, which is responsible for the degradation of bonding

strength. In view of the experimental results, the
THE STRENGTH AND FRACTURE OF CERAMIC/METAL formation of amorphous-like phase is due to the gathering
BONDEDSY EMS M.Y.HEANDA. G. EVANS, of Al203 and Y203, used as the sintering binders of Si3N.,

Materials Department,Universityof California, Santa in bonding interface via intergranular diffusion during
Barbara, CA. the bonding process.

[1] M. Florjancic, W. Mader, M. Ruhle, M. Turwitt; J. de
The strength of A1203 materials bonded using a ductile metal Physique, C4 (1985).
layer is investigated. Systematic elastic-plastic stress analysis [2] Y. Ishida, J. Y. Wang, T. Suga; MRS Proceeding (1988).
has elucidated the stresses that exist at metal/ceramic bond
interfaces as well as near the tip of a small edge crack adjacent N5.11
to the interface. The macroscopic stress-strain relations are
calculated as functions o the bond layer thicknessmetal yield CMI CAL INERACTONS IN THE ALUMIUM-CARBON
strength, thermal expansion mismatchelastic properties of AND ALUMINUM-SILICON CARBIDE SYSTEMS. B=A
the two materials and the location of the edge crack. The Marlama Naval Research Laboratory, Wash. D.C.;
effects of these stresses on the strength and fracture of the Fumio S. Ohuchi, E.I. do Pont do Nemours Exp Station,
bonded systems are also predicted and compared with the Wilmington, DE: and Llewellyn K. Rabenberg, The
experimental results. University of Texas at Austin, Austin, TX.

N5.9 The atomic structure of the interface by and large
CVD 110 and It RUc gdm,4, 9,0 on sic Yadetermines the ultimate mechanical properties of

Mchel Mu , 989g,3t Tom- , 1. Ds 8. f mo graphite and silicon carbide reinforced metal matrixand Steven I" SUtr'" 1. Dept. Of Cbt",atZ, U-40,

university of msmeoti , atem~ , o069-300. composites. The results of XPS Investigations of the
2. Unted Ted lcgiAe Pesearc Ceter, ZEast BMEtfort, ON reaction kinetics of aluminum-carbon and aluminum.
0618. 3. Dept. of Cm. g., U-40, uiverSi'y of silicon carbide systems will be presented. Of
oastiout, Sto n, C 0069-3040. particular Interest is the influence of water vapor and

sic fibers ham bm mated With inol =4 d hydrated alumina on the reaction kinetics. The
iysezbi&d by beating W(O) CC W( e to 275% in
flowing q ft I In a obaef vwepa degoiitimm (CVD)
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implications of the results on our previously interfaces with the first two orientation relationships
developed Oxidation Model of Carbide Formation and were made using a Bollmann-type analysis. The
on the behavior of interfaces in commercial composites experimental observations and theoretical predictions
will be discussed, were shown to be in good agreement. The energies of

the interfaces having the first two orientation
N5.12 relationships were shown to be similar which ii

STABILITY AND REACTIONS AT COMPOSITE believed to be the reason why they both occur.
INTERFACES OF TITANIUM ALUMINIDES WITH
POTENTIAL FIBER MATERIALS. J. A. Dekoc M.-X. Zhang N5.15
and Y. A. Chang, Department of Materials Science and Engineering, EFFECT OF ANNEALING ON THE ALUMINUM/SiC INTERFACE
University of Wisconsin, Madison, WI 53706, and 0. Y. Chen, STRUCTURE AND COMPOSITION. Qjog Li Janez Megusar and
United Technologies, Pratt and Whitney, E. Hartford, Conn. 06108. James A. Cornie, Massachusetts Institute of Technology, Cambridge,

In the development of titanium-aluminum intermetallic compounds
for structural applications at high temperatures, there is a need to This research is concerned with determination of structure and
have a fundamental understanding of the stability and reactions composition of interfaces in the SiC coated graphite fiber/ aluminum
between the intermetallic matrix and potential fibers. The objective matrix composite as a function of different processing parameters. As
of our study is to provide such a fundamental understanding of such, it will contribute toward better understanding of the role of
interfacial stability and reactions between titanium aluminide with interfaces in optimizing properties of metal matrix composites.
several potential fibers such as TiB2 , Al-0 3 and SiC. Preliminary
experimental results will be presented and interpreted in terms of The effect of annealing has been studied by constructing graphite
thermodynamic stabilities at the interfaces and multi-component fiber/amorphous SiC and amorphous SiC/aluminum couples
diffusiontheory. separately. Graphite and aluminum ribbons have been coated with a

thin layer of amorphous SiC using plasma enhanced chemical vapor
N5.13 deposition (thickness of the SiC coating did not exceed 0.3l.rm). These

specimens were subsequently annealed over a wide temperature range.
CHARACTERISATION OF INTERFACES IN SiC PARTICULATE- Interface structures, including reaction zones, resulting from each
REINFORCED Al ALLOYS USING AEM. D-Q. Huang, Y-P. Lin and anneal were examined on transverse sections by using high resolution
B.W Robertson, Department of Materials Science & Engineering, McMaster transmission electron microscopy and scanning transmission electron
University, Hamilton, Ontario, Canada L8S 4L7. microscopy.

The behaviour of metal-matrix composite systems can depend strongly on In the previously published research we showed that formation of
the nature of the interface between the reinforcing material and the metal a reaction zone can be almost completely suppressed under appropriate
matrix. Recently, the high temperature mechanical behaviour of SiC conditions of aluminum pressure infiltration of graphite preforms. At
particulate-reinforced Al alloys has received attention. A preliminary study this conference, results on annealing of the aluminum/amorphous SiC
by Corbin and Wilkinson (11 of a 2014 Al alloy with 20% SiC particulates couples will be presented, with the emphasis on kinetics of a reaction
suggests that an increase in overaging of this material results in a change of zone formation.
fracture mode, during tensile testing at 400*C, from one involving SiC
particle/matrix decohesion to one involving only matrix failure. Electron
microscope studies of the SiCimatrix interface regions of these materials N5.16
have been undertaken using SEM, TEM and STEM and will be reported INTERFACE ELECTRONIC STRUCTURE OF TITANIUM
along with work on A356 high strength casting alloy kAlcan). Reference will ALUMINIDE COMPOSITES
be made to the importance of thin foil preparation to the value andinterpretability of transmission EM results. D..Vednk and S. Crampin, The Blackert Laboratory,

Imperial College, London SW7 2BZ, U.K., M.E. Eberhart and J.M.

[I I S F Corbin and D S Wilkinson, Effects of temperature on the mechanical MacLaren, Los Alamos National Laboratory, Los Alamos, New
behaviour of a SiC particulate reinforced Al alloy, CIM Conference, Halifax, Mexico 87545, L. Christodoulou, Martin Marietta Laboratories,
August 20-24, 1989 1450 South Rolling Road, Baltimore, Maryland 21227-3898.

N5.14 The electronic structure of TiAI, TiB2 , and TiAI/TiB2 interfaces are

THE DISLOCATION STRUCTURE AND ENERGY OF NiO-Pt studied with the layer Korringa-Kohn-Rostoker method. These inter-
INTERFACES. F.-S. Shieu and S.L. Sass, Department of faces occur in titanium aluminide composites produced by a casting
Materials Science and Engineering, Cornell University, process known as XD', which provides the facility for engineering
Ithaca, NY. microstructures for certain specified properties. By examining and

comparing the bonding in TiAI and TiB2, the calculations reveal that
The dislocation structure of Pt-NiO (001) bonding between the titanium and the boron at the interface is

interfaces was studied using electron microscopy and inhibited by the presence of aluminum. These results are further
electron diffraction techniques. Specimens were supported by varying the aluminum concentration at the interface.
produced by hot pressing polycrystalline Pt films onto WealsoinvestigatetheinterfaceelectronicstructureofTiN/TiB2 and
thin NiO single crystals, and bulk Pt single crystals onto TiC/TiB2 interfaces, which are discussed in light of the above results
bulk NiO single crystals. The polycrystalline Pt in terms of the chem'cal and morphological stability of the interfaces
specimens were used to determine the favored and thierimplications for the deformationbehaviorofthesematerials.
orientation relationships between the NiO and Pt, while
the bulk NiO-Pt specimens were used to study the N5. 17
detailed structure of the interface. A COMPARISON OF SOLID STATE REACTIONS IN

MECHANICALLY DEFORMED MULTILAYERED COMPOSITES IN
Three categories of orientation relationships were THE NI-TI AND NI-ZR SYSTEMS*; B. E. White, M. E.

identified: exact epitaxy with (O01)ptll(OOl)NiO; Patt and R_ J_ Cor-, Department of Physics,
[llO]Pt~l~l[ OJNNi; small rotations away from exact Applied Physics and Astronomy; State University of

abotp t he0]NiO; comon r001ot dieci on;hh exc New York at Binghamton - Differential scanningepitaxy about the common [0011 direction; high index calorimetry and x-ray diffraction analysis were
planes of Pt parallel to (001) of NiO. Theoretical utilized to monitor solid state reactions in
calculations of the expected dislocation structures of codeformed, multilayered composites in two
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different metal systems: Ni-Zr and Ni-Ti. Solid interface cracking in determining mechanical
state reactions at temperatures below -600 K in the properties.

Ni-Zr system produce an amorphous alloy interlayer
of up to 1000 A on time scales of order 1 h, while This research was partially supported by DOE W-
we have observed that upon similar heat treatment 7495-ENG-48, United Technology Corp.-Pratt &
the interdiffusion of the constituents of the Ni-Ti Whitney Aircract Div., and Lockheed Aeronautical
diffusion couple is significantly slower. A Systems Co.-Marietta, GA; and the experiments were
previous comparison of the rate of diffusion of Ni done at Stanford Synchrotron Radiation Lab. which

n CC-Ti versus the rate of diffusion of Ni in a- r is supported by DOE, Office of Basic Energy
Sciences and NIH Biotechnology Resource Prog., Div.

also revealed such a difference I . Our results of Res. Resources.
further indicate that a kinetic constraint exists
on the formation of crystalline intermetallic N5.20
compounds in these Ni-Ti diffusion couples similar
to that previously observed in Ni-Zr diffusion INTERACTIONS OF ACRYLIC POLYMERS WITH
couples. Upon heating Ni-Ti diffusion couples at a ALUMINUM SURFACES. J. Scott Shaffer, Arup K.
constant scan rate of 10 Kmin the intermetallic Chakrabortv, Center for Advanced Materials, Lawrence Berkeley
compound NiTi is first observed by means of x-ray Laboratory, and Department of Chemical Engineering, University
diffraction to form at -670 K. The formation of of California, Berkeley, CA; H.T. Davis, Matthew Tirrell,

this intermetallic compound is observed to be Dept. of Chem. Eng. & Mat. Sc., University of Minnesota,

thermally activated with an activation energy of MN.

2. 5 eV. The synthesis of interfaces between polymers and metallic
substrates is of importance in the microelectronics, aerospace,

IG. M. Hood R. J. Schultz,Phil.Mag.26, 329(1972). automotive, and food packaging industries. In order to tailor

Supported by Research Corporation Grant C-2587. these interfaces for spcdic applications it is imperative to
elucidate the relationship between specific properties of the
interface and the electronic structure of the substrate and the

N5.18 electronic and stereochemical strctue of the polymer. In this
AC SPECTROSCOPY OF COMPOSITE MATERIALS. R. work, we present an analysis investigating the fundamental
Gerhardt. Dept. of Ceramics, Rutgers University, P.O. Box molecular events that occur when acrylic polymers approach
909, Piscataway, NJ 08855 aluminum surfaces. We apply the density functional theory of

the inhomogeneous electron gas within the framework of the
Electrical properties such as dielectric constant and local density approximation. The aluminum surface is modoiled
resistivity are very sensitive to compositional variations, as a jellium, and interactions with oligomers of the polymer are
presence of impurity phases as well as the spatial treated using linear response theory and Green's functions. We
distribution of the phases in question. Therefore, it is report results for acrylic polymer adsorption that show the
expected that any combination of two materials used to changes in the work function of the metal, the induced
make a composite will result in noticeable changes in the potential, and the charge density. The results are compared to
electrical behavior, especially if the properties of the end our previous Hartree-Fock calculations for the interactions of
members are very different. Even more changes are pMMA with aluminum atoms, and the inpli t ns of our
predicted if interdiffusion between the phases has occurred. current studies for polymer adhesion are discussed.
The changes can be detected by d.c. measurements but
there are several reasons why a.c. measurements are
preferable. One of them is that a.c. spectroscopy can separate N5.21
the contributions from the different phases if the right THE PRODUCTION OF MODULUS GRADIENTS AT INTERFACES. Andrew
frequency and/or temperature range are utilized and the TE POUTaO an nD ErS PolyE rew
other is that a lot more information can be derived non- arton, utam Haldankar and Edward Shockey, Polymer Program,
destructively and in-situ if certain conditions are met. Cn'"rsity of Connecticut, 97 North Eagleville Road, Storrs,
Examples of how this technique can be used to study CT 06269-3136.
interfacial reactions in composites will be presented. We have developed a range of additives for epoxy resins and

polyimides which increase the modulus by >50%, tensile
N5.19 strength by >40% and modify the fracture properties. The

NONDESTRUCTIVE NVALUITION OF 'I2l%1ACIAL DOtIMgZ IN structure of a typical epoxy additive is shown below
SiC/Al CONTIMIOUI FIZUR COMPOSITU8. T.M. Breunia,
S.R. Stock, S.D. Antolovich, Mechanical Properties OH
Res. Lab. and Sch. of Mat. Eng., Georgia Inst. of/--. I
Technology, Atlanta, GA 30332-0245; J.H. Kinney, H3 C - C - N - C- C 7( o
R.A. Saroyan and Q.C. Johnson, Chem. and Mat. Sci. t I
Dept., Lawrence Livermore Nat. Lab., Livermore, CA 0 H
94550; M.C. Nichols, Mat. Dept., Sandia Nat. Lab.,
Livermore, CA 94550; and U. Bone, Dept. of Phys. These additives may be used to modify the bulk properties of
Dortmund Univ., Dortmund, FRG. the resin, or may be used as primers for metal or reinforce-

ment surfaces. In the latter case, a modulus profile is set
X-ray Tomographic Microscopy (XTM) uses synchrotron up at the interface, which results in improved stress
x-radiation to section samples nondestructively transfer in adhesive bonds and composites.
with resolution approaching lgm and with
sensitivity to changes in linear absorption N5.22
coefficients approaching 1%. Hundreds of slices
can be recorded simultaneously using the XTM, and SURFACE TREATMENT OF CARBON FIBERS FOR USE IN
this volume of material can be observed throughout COMPOSITES WITH THERMOPLASTIC RESINS. Aharon
te course of a test. We report XTM of damage in Moshonov, Rafael Institute. Haifa, Israel: Hong L, Georgia
a SiC aliqned-fiber, Al matrix composite. The Institute of Technology. Atlanta. Ga: and John D. Muzzv
location and extent of microcracking revealed by Georgia Institute of Technology. Atlanta. Ga.
XTM is analyzed in three dimensions and is compared
to results obtained from destructive sectioning. The paper describes a systematic study of surface
Particular emphasis is placed on the role of treatment of carbon fibers by electrochemical oxidation

using ammonium nitrite electrolyte. The fibers were
oxidized In different reaction conditions, such as:
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polarization potential, electrolyte concentration, solution N6 .1
temperature and duration of treatment. After oxidation MEASUREMENT OF MOLECULAR FORCES AT SILICA SURFACES.
the fibers were characterized by several methods. ESCA Bimal Thakkar, M University of Minnesota, Minneapolis. MN
was adopted to analyze surface chemistry; SEM was used 55455; and Donald J. David, Monsanto Corporation, Springfield, MA
to study surface morphology and changes in fiber 01151
diameters: Thermal analyzer - to test the thermal stability
of the treatment- Micro-mechanical tester was employed Silica surfaces have recently been used in the Israelachvili surface forces
for single filament tensile tests and single filament apparatus. This has enabled us to measure the contact adhesion between
critical length method for measurement of the fiber- two silica surfaces in air and dry nitrogen. The pull-off force (for dry N2)
polymer matrix interfacial strength. divided by the mean radius of curvature of the cylindrical crossed-surfaces

was measured as 500 ± 25 mN/m. This corresponds (using the JKR
It can be seen from the results that surface functionality theory) to an adhesive energy between the surfaces of 52 ± 2.5 mI/m.

ia nt ~ These numbers are comparable to those obtained between molecularlyinvolves carbon-oxyg n noxgen minutes treatment is smooth mica and sapphire. We have gone on to use these as substrates forufficient to get uniformity in oxygen pick-up across the experiments in polymer adhesion to silica.
fibers bundle. No change in surface morphology was
realized. The oxygen content on the surface of the fiber
remains stable even after exposing them to high N6.2
temperatures. The treatment improves the adhesion to SURFACE FORCES AND ADHESION BETWEEN DISSIMILAR MATERIALS
the thermoplastic polymer and it does not reduce the MEASURED IN VARIOUS ENVIRONMENTS Douglas T. Smith and
mechanical properties of the fibers. Roger G. Horn. National Institute of Standards and

Technology, Gaithersburg, MD 20899.
N5.23 The Israelachvili Surface Force Apparatus has been used

EFFECT OF Ti +
, Ar AND N+ ION IMPLANTATION extensively over the past decade to make detailed

ON ARAMID FIBER ADRESIVE PROPERTIES measurements of surface forces and adhesion between very
7. Kalantar, Department of Chemical Engineering; smooth solids in various liquid and vapor environments.
D. S. Grummon, Department of Metallurgy, Mechanics Most of those measurements have been made with mica
and Materials Science; L. T. Drzal, Composite surfaces, but we have recently developed a method of
Materials & Structures Center, Mich. State Univ., preparing smooth silica surfaces for use in place of the
E. Lansing, MI 48824; I. H. Loh, Advanced Surface mica. The silica surfaces adhere in dry and humid
Technolgy, Inc., Waltham MA 02154 and R. A. Moody, atmospheres, but do not adhere when immersed in water.Spire Corp., Patriots Park/Bedford, MA 01730.

The use of a second material not only broadens the scope of
High performance synthetic fibers, such as the the Israelachvili technique, but also enables studies of
polyaramids, have high tensile strength, low den- forces and adhesion between dissimilar materials. In this
sity and high toughness, but suffer from poor talk we present results of such measurements for silica/mica
f4iber-matrix adhesion when used in polymer matrix and for silica sheets having difterent surface preparations,
composites. In the present study, ion implanta- interacting in dry and humid atmospheres and in bulk aqueous
tion has been studied as a means to improve inter- solutions. We discuss the implications of these results for
facial shear strength (ISS) in epoxy matrices. In the fracture properties of interfaces.
addition to fiber-matrix adhesion properties,
tensile and compressive Strengths are reported for N6.3
single fibers of duPont Kevlar-49 implanted with
Ti , Ar + and N+ ions to doses between 1xl0 13 and MEASUREMENT OF INTERFACIAL FRACTURE ENERGY. L. Rosenfeld,xl an N+ ions ato dofs b0toen 40 KJ. E. Ritter, M. R. Lin and T. J. Lardner, Mechanical

energies Engineering Dept., Univ. of Massachusetts, Amherst, MA
Fiber compressive strengths were found to be unaf- 01003.
'fected by the irradiations, but tensile strength The contact stresses resulting from indentation of a
was diminished for implantations at higher ener- cont coa ting rat caeadond
gies and doses. Transmission electron micrographs compliant coating on a rigid substrate causes a debondshow that fiber-matrix adhesion was significantly crack to initiate and propagate along the interfacehpo e tht fier-mpatadhion was , s ig icatly underneath the indenter. A fracture energy analysis of
improved by ion implantation. However, critical L

this indentation-induced debonding is presented. Anlength measurements in __ingle fiber composite ten- expression for the strain energy release rate associatedsion tests show that interfacial shear strength is with the debond crack was obtained by modelling the
cmproved only when the ion projected range exceeds debonded portion of the coating as an annular plate with
p m. Together, these observations suggest that plane stress conditions in the axial direction.

simply increasing fiber-matrix adhesion is insuf- Interfacial fracture toughness is derived in terms of
ficient to elevate ISS and that aramid fiber skin- indenter load, debond crack size, and the thickness and
:ore cohesion must also be improved, mechanical properties of the :oating. Finite element

analysis shoved that the phase angle of loading, a measure
45.24 of mixity of opening and shear along the surface of the
)ETERMINATION OF FLEXIBLE INTERLAYER THICKNESS FOR FIBER debond crack, is about 450 . Good agreement was obtained
tEINFORCED COMPOSITES. King H_ Lo, Robert W. Schmitz. and between the model and experimental results on indentation-
Jilliam G. Gottenberg, Shell Development Company, Houston, induced debonding of epoxy coatings on glass substrates.
:x. This analysis provides a basis for using indentation-

induced debonding as a quantitative test technique for
.he influence of flexible interlayers/interphases on the measuring interfacial fracture energy.
erformance of unidirectional fiber reinforced composites
-s studied. Micromechanical analysis based on the compos- N6.4
-e cylinders model is used to study the stiffness as well
is the internal stress distributions within the composites. THE EFFECTS OF PLASTICITY ON THE FRACTURE
lased on the results of the micromechanics analysis, a RESISTANCE OF GOLD/ALUMINA INTERFACES. IratE.
:riterion is proposed for the selection of optimal Reimanis. Brian J. Dalgleish, M. Rahle, Anthony G. Evans,
nterlayer thickness for various composites. The proposed
riterion gives results which seem to correlate well with Materials Department, University of California, Santa
ome of the experimental data published in the literature. Barbara, CA.

Gold/alumina interfaces are created by bonding highly

509

7,g



A
textured gold films (25grm) to single crystal alumina, been reported, and are discussed in terms of the
Continuous examination of interface debonding is carried mechanisms of energy dissipation by lateral

,ut by mechanical testing in situ in the optical microscope to cracking and of crack deflection at the

examine the effect of plastic deformation on the energy of interfaces.

fracture of the interface. Fracture occurs at the interface and N6.7
is accompanied by plastic deformation in the gold as
evidenced by glide steps. Values of 20J/m 2 are measured for THE EFFECT OF FIBER COATINGS ON INTERFACIAL SHEAR STRENGTH

AND THE MECHANICAL BEHAVIOR OF CERAMIC COMPOSITES.
Ihe fracture energy of the interface while values of 0.5J/m 2  Richard A Lowden, Oak Ridge National Laboratory,

are measured for the work of adhesion. The discrepancy P.O. Box 2008, Oak Ridge, TN 37831-6063
between the fracture energy and work of adhesion has been
quanititatively modelled on the basis of plasticity occuring in
the gold during fracture. The contrast seen on fracture Thin coatings deposyied on ceramic fibers prior todensificacion employing chemical vapor infiltration
surfaces using differential interference in the optical techniques have been used to limit fiber-matrix bonding.
microscope is used in conjunction with SEM, TEM, and x-ray Improvements in strength and toughness at room and elevated
diffraction to determine the extent and nature of plasticity. temperatures has been observed in SiC matrix composites
The interface chemistry is also discussed briefly with respect fabricated from coated fibers. The properties of the
to stress corrosion. fiber-matrix interface in fiber-reinforced ceramiccomposites have previously been examined utilizing an

indentation method in which a standard microhardness
N6.5 indentor is used to push on fibers embedded in the ceramic

THE EFFECT OF WEAK INTERFACE ON TRANSVERSE PROPERTIES matrix. Although semiquantitative results can be obtained,
OF A CERAMIC MATRIX COMPOSITE R.A. Shimansky, H.Hahn, the measurements do not differentiate between debonding and
and N.J. Salamon. The Pennsylvania State University, frictional sliding. The depth-sensing Nanoindentor permits
University Park. PA continuous measurement of force and displacement, therefore

the instrument has been used to analyze debonding and
Although a weak interface leads to toughening of ceramic frictional sliding in SiC matrix composites fabricated from
matrix composites under longitudinal tension, its effect on fibers with various interfacial coatings. The results have
transverse properties is not well understood. The present been compared to those determined using the standard
paper provides the results of an analytical study into how microhardness indentor. Correlations between interfacial
transverse stiffness and strength are degraded by a weak phenomena and observed mechanical behavior have been made.
interface.

A two-dimensional finite element model of a transverse Research sponsored by the U.S. Department of Energy. AR&TD
representative volume element was used to study the effect of Fossil Energy Materials Program, under contract DE-AC05-
fiber/matrix debonding. In tension the fiber/matrix 84OR21400 with Martin Marietta Energy Systems, Inc.
debonding was found to be almost equivalent to the absence of
fibers. In compression, however, the degradation was rather N6.8
minimal. IMPROVED PERFORMANCE IN MONOFILAMENT FIBER

The ply failure in a cross-ply laminate was also analyzed REINFORCED GLASS MATRIX COMPOSITES THROUGH THE
using the fracture mechanics approach. The so-called USE OF FIBER COATINGS. William K. Tredwav and Karl M.
inherent through-the thickness flaw model was used to show
that the Prewo, United Technologies Research Center, East Hartford, CT.
in situ ply failure stress could be much higher than the
transverse tensile strength. Fiber reinforced glass matrix composites are becoming an increasingly

An experimental correlation was carried out to confirn the attractive material for many structural applications. The wide range of
predicted effects of weak interface SiC/RBSN composite fibers available today makes it possible to tailor these composites for
laminates. applications requiring vastly different properties. We have recently

N6.6 developed a technique which allows for the use of large diameter (100-
144 gim) monofilaments as the reinforcement for glass matrices, thusTHE EFFECT OF INTERFACIAL STRENGTH ON THE

4ECHANICAL BEHAVIOR OF LAMINATED CERAMICS. further extending the range of possibilities for creating tailored

M.D. Stuart, C.J. Russo, M.P. Harmer, H.M. Chan, composites. The nature of the fiber-matrix interface is critical to the
G.A. Miller, Department of Materials Science & performance of these materials, with strong adhesion between the
Engineering, Lehigh, University, Bethlehem, PA. monofilaments and the glass resulting in poor composite strength and

High purity alumina has been utilized as a model brittle fracture behavior. However, the use of coated monofilaments has
system to evaluate the effect of interface resulted in a weaker fiber-matrix interface, with corresponding greater
strength on the mechanical properties of
laminated ceramics. Layers were prepared by strengths and improved fracture toughness.

tape casting followed by stacking to produce the
bulk sample. The degree of interfacial bonding This presentation will discuss the mechanical performance of glass
between layers was controlled by the pressure matrix composites reinforced with both uncoated and coated
applied to the green sheet stacks during a

uniaxial, warm pressing step prior to sintering. monofilaments. Analysis of the interfacial region using Auger, SEM,
The interface spacing could also be regulated by and TEM techniques will be discussed. The role of the interface in the
varying the green shoet thickness, control of composite behavior will be emphasized.

Controlled flaws were introduced into the
laminates perpendicular to the interfaces by N7.1
indentation, and then propagated by loading INTERFACIAL MICROSTRUCTURE AND FRACTURE OF
samples in biaxial flexure. The resulting ALUMINA FIBER REINFORCED GLASS MATRIX COMPOSITES.
toughness and strength of the laminates have T. A. Michalske, Sandia National Laboratories, Albuquerque, NM.

Silicon carbide fiber reinforced brittle matrix composites have been shown
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to exhibit superior strength and fracture toughness over monolithic differences in mechanical properties of the composites.
ceramics. Application of these structures at high temperature is limited by
oxidation of the fibers while their use as electronic substrates is limited by
the dielectric properties of the fiber. We have been investigating an all
oxide composite system in order to develop oxidation resistant high Research sponsored in part by the U.S. DOE, Assist. Sec. for
dielectric constant composite structures. Polycrystalline alumina fiber Conservation and Renewable Energy, Office of Transportation
reinforced glass matrix composites are used as the model system. We have Systems, as part of the High Temperature Materials Laboratory User
studied three different fiber/matrix interface conditions: the direct alumina Program, under contract DE-AC05-84OR21400 with Martin Marietta
glass interface, an in situ grown zirconia interfacial layer, and a vapor Energy Systems.
deposited ZnO interfacial layer. Strong bonding at the glass alumina
interface results in fiber failure ahead of the matrix crack. In situ zirconia
layers promote fiber matrix debonding but severely reduce the fiber N7. 4
strength. Vapor deposited ZnO interfacial layers prevent interdiffusion at THE EFFECT OF INTERFACE STRUCTURE ON THE
the fiber matrix interface and provide a low strength interfacial bond that isdesirable for composite fracture toughness. FRACTURE OF AI/A.120 3 COMPOSITES. B. D. Flinn, F. W.

Zok, F. F. Lange, M. Rdihle, and A. G. Evans, University of

N7. 2 California-Santa Barbara, Santa Barbara, CA 93106

THE ROLE OF TIN DIOXIDE (SnO,) INTERPHASE IN THE The influence of interface structure and composition
MECHANICAL BEHAVIOR OF ALUMIRA/GLASS COMPOSITE. on the fracture toughness and fracture strength of a ductile
M.H.Siadati and K.K.Chawla, New Mexico Institute
of Mining and Technology, Socorro, NM 87801 dispersion toughened composite, (processed via the Lange

et.al. method) has been investigated by alloying and heat
Alumina (A'203 ) and glass form a strong chemical treatment of the Al phase. Other researchers (Levi and
bond which is undesirable for toughness in a Mehrabian, Met. Trans A, 1978) have shown that the
ceramic matrix composite. Tin dioxide interphase addition of alloying elements such as Mg, Cu, and Si to the
was incorporated to prevent this strong bond. Al melt strongly effect the interface structure and properties
Microprobe analysis studies indicated no evidence of metal matrix composites (A120 3 /Al). Those results have
of diffusion between alumina and tin dioxide and
very little between glass and tin dioxide been applied to ceramic matrix composites (A120 3)
Indentation cracking method was applied to study reinforced with Al alloys.
the interaction of cracks with both rough and
smooth alumina/tin dioxide interfaces. The effect of precipitates and interphase formation
Indentations were placed on the alumina side at on the debonding and fracture of the interface was studied.
both 45 and 90 degrees with respect to the The interface structure and composition between the A120 3
interface. In some cases, the cracks got stopped and the Al was characterized in TEM with microchemical
at or deflected along the interface. In many
cases the cracks penetrated the interface, but analysis (EDS and PEELS). The debonding and interface

they died out within the SnO 2 interphase. failure was quantified in SEM by stereomicroscopy and high
angle tilting. These results are correlated with the

Futher investigation was carried out by means of mechanical properties which show a strong R-curve
four-point bend test. Fracture surfaces of these behavior.
samples revealed secondary cracks perpendicular
to the principal crack direction, indicating N7.5
crack opening at weak alumina/tin dioxide
interface. This secondary cracking involves CREEP PROPERTIES AND INITERFACIAL
additional energy expenditure in the fracture MICROSTRUCTURE OF SiC WHISKER REINFORCED Si3N 4
process, i.e., an improvement in toughness. Anders H. Swan and Lena K.L. Falk, Chalmers Universily of

SnO is.thus, a good diffusion barrier interphase Technology, Gothenburg, Sweden.
witg the necessary toughness enhancing
characteristics (crack arrest ing/deflecting) for
the alumina/glass composite.

Whisker reinforced ceramic matrix composites have received a
N7.3 growing interest as potential structural ceramics due to the

THE STRUCTURE OF INTERFACES RESULTING FROM improved fracture toughness and creep properties of the

WHISKER SURFACE PRETREATMENTS IN SiC WHISKER- material'as compared with non-reinforced material. The most
REINFORCED CERAMIC MATRIX COMPOSITES* T. A. Nolan and critical facP,)r in determining the mechanical properties of
L , High Temperature Materials Laboratory, Oak Ridge whisker reinforced ceramics is the interfacial microstructure
National Laboratory, Oak Ridge, TN 37831; M. H. Rawlins, between the whiskers and the surrounding matrix. In this
American Matrix, Inc., Knoxvi;le, TN 37922 study, the creep properties of SiC whisker reinforced Si3N 4

Ceramic matrix composites reinforced with surface-modified SiC composites and a non-reinforced Si3N4 reference material have

whiskers have shown differences in fracture toughness depending been studied using a 4-point bending test The composites have
upon surface treatments such as acid washing, carbon deposition, been prepared by nitrided pressureless sintering using Y20 3 and
and exposure to reducing or oxidizing atmospheres). Whisker A120 3 as sintering aids. The microstructure of the composites
surface crystallography prior to incorporation into the composites has been studied using analytical transmission electron
and the whisker-matrix interface structures after composite microscopy. In particular the interfaces between SiC whiskers
fabrication have been characterized by high resolution transmission and the surrounding matrix have been examined in order to
electron microscopy. Interlace structures differ depending upon explain the differences in creep behaviour.
modification tratment, and these differences have been related to
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N7.6 N7. 8
THE EFFECT OF RESIDUAL GRAIN BOUNDARY STRESSES ONHigh Temperature Fracture of SiC MECHANICAL PROPERTIES OF ALUMINA-BASED CERAMICS.

Whisker Reinforced A1203 Matrix . P. French, H. M. Chan, N. P. Harmer and G. A.

Composites, Miller, Department of Materials Science and

C. Mangin,* J. Homeny, S. S. Wang, Engineering, Lehigh University, Bethlehem, PA.

University of Illinois, Urbana, IL One explanation which has been put forward to
account for R-Curve behavior in non-transforming

ceramics is the phenomenon of grain bridging

As reported recently in the literature, the across the crack walls. There is indirect evi-
dence that residual grain boundary stresses play

mechanical reliability of polycrystalline a significant role in enhancing grain bridging,

A1203 can be improved by the addition of SiC and hence R-Curve characteristics in ceramics.
In order to study this effect systematically, a

whiskers. In this study, the improvement of series of two-phase alumina-based ceramics were
the fracture toughness of SiC whisker processed containing 0 - 100% of a non-

transforming second phase. The two second phase

reinforced A1203 has been studied. The materials selected for this purpose were a)

fracture toughness behavior of the composite c-Zro2 (8 mol% YSZ) and b) Al TiO5 . Zirconia was
chosen for its higher thermal expansion 6coeffic-

as a function of temperature and whisker ient, a=10xI0-/'C (cf. Al 2 0, a=6.5xlO- /'C) and
content and type is deliniated. R-curves aluminum titanate was chosen for its severe

thermal expansion anisotropy (Aa m=23xlO-6 /'C)•
obtained under the various conditions are dis- In both cases, the second phase a dition acts as
cussed. The nature of the interfaces between a means of pinning the matrix grains as well as a

source of residual stress. The microstructures
the SiC whiskers and the A1203 matrix and generated are duplex in nature (two distinct
thei consequence on the toughening phases) , and, in the zirconia case, extremely

stable at high temperatures. Mechanical testing

mechanisms is discussed. was performed using an indentation-strength-in-
bending (ISB) method. The effect of micro-

N7.7 structure and volume fraction of second phase on
the mechanical properties of the A12 03 .xc-ZrO2THE ROLE OF CRYSTALLIZATION OF AN INTERGRANULAR and Al20g.yA2TiO ceramic composites will be

GLASSY PHASE IN DETERMINING GRAIN BOUNDARY RESI- ad sse, liogeraic cpsts wl be
DUAL STRESSES IN DEBASED ALUMINA. Nitin P. discusse , tageter with results of high

Padture, and Helen M. Chan, Lehigh University, temperature hardness measurements.

Bethlehem, PA; Brian R. Lawn, N.I.S.T., Gaithers-
burg, MD; and Michael J. Readey, Coors Ceramic
Company, Golden, CO.

The effect of grain size and crystallization of
the intergranular glass on the R-curve behavior
of Coors AD85 alumina has been studied. It was
found that the grain size has a marked effect on
the R-curve behavior, whereas crystallization of
the intergranular glass has no effect. This
latter result was somewhat surprizing, in that
crystallization would be expected to increase
grain boundary residual stresses, and hence en-
hance R-curve behavior. TEN investigation re-
vealed that anorthite, (the major crystalline
intergranular phase) was highly twinned. It is
postulated, therefore, that stress relaxation by
high temperature deformation of anorthite is the
predominant mechanism responsible for the lack of
effect of crystallization on the R-curve behavior
of Coors AD-85.

Comparison of microstructures of anorthite crys-
tallized a) as an intergranular phase and b) from
a bulk glass will be p~esented. High temperature
hardness data (20-1500 C) obtained from anorthite
will be compared with that of alumina. Based on
the above results, a model for determining the
magnitude and sign of intergranular residual
stresses generated in Coors AD85 during crystall-
ization of intergranular glass (and subsequent
cooling to room temperature) will be presented.
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SESSION 01: INORGANICS/EMULSIONS 10:45 01.7
Chairs: D. W. Schaefer and J. E. Mark STRUCTURE-PROPERTY RELATIONSHIPS IN SILOXANE

Monday Morning, November 27 MOLECULAR COMPOSITES, D.W. Schaefer and J.E.
Staffordshire (W) Mark, Sandia National Laboratories, Albu-

querque, NM; L. Jian, C.-C. Sun, D.
8:30 *01.1 McCarthy, C.-Y. Jiang, and Y.-P. Ning,
INORGANIC-ORGANIC COMPOSITES BY SOL-GEL University of Cincinnati, Department of
TECHNIQUES, Helmut Schmidt and R~diger Nass, Chemistry and the Polymer Research Center,
Fraunhofer-Institut fur Silicatforschung, Cincinnati, OH.
Ceramic Division, Wurzburg, West Germany.

11:00 O1.8
9:00 *01.2 NMR IMAGING OF SILICA-SILICONE COMPOSITES,

NEW HYBRID INORGANIC-ORGANIC MATERIALS MADE Leoncio Garrido and Jerome L. Ackerman,
BY THE SOL GEL METHOD: SYNTHESIS-STRUCTURE- Massachusetts General Hospital, MGH NMR
PROPERTY BEHAVIOR, G.L. Wilkes, Bing Wang, Center, Department of Radiology, Charles-
Anthony Brennan, David Rodrigues and Hao- town, MA; James E. Mark, University of
Hsin Huang, Virginia Polytechnic Institute Cincinnati, Department of Chemistry, Cincin-
and State University, Department of Chemical nati, OH.

Engineering and Polymer Materials and Inter-
faces Laboratory, Blacksburg, VA. 11:15 *01.9

SYNTHETIC POLYMERS IN WATER-IN-OIL MICRO-
9:30 01.3 EMULSIONS, Francoise Candau, Institut C.

CATALYTIC SYNTHESIS OF INORGANIC POLYMERS Sadron, Department CRM-EAHP, CNRS-ULP,
FOR HIGH TEMPERATURE APPLICATIONS AND AS Strasbourg, France.
CERAMIC PRECURSORS, Richard M. Laine,
Jeffrey A. Rahn, Martin L. Hoppe, and Kay 11:45 01.10
Youngdahl, University of Washington, Poly- POLYMER BASED Si 3N4/BN COMPOSITES, R
meric Materials Laboratory and Materials Schmidt, Vijay Sukumar, William J. Hurley,
Science and Engineering Department, Seattle, Jr., Robert H. Doremus, and Leonard V.

WA. Interrante, Rensselaer Polytechnic Insti-
tute, Departments of Materials Engineering

9:45 01.4 and Chemistry, Troy, NY.
CONDUCTING MULTILAYERED NANOCOMPOSITES:
INTERCALATION OF CONJUGATED POLYMERS IN LAY- SESSION 02: EMULSIONS/BLOCKS
ERED MEDIA, Vivek Mehrotra, Taehyun Kwon, Chairs: R. E. Cohen and J. P. Cohen-Addad

and Emmanuel P. Giannelis, Cornell Univer- Monday Afternoon, November 27, 1989
sity, Department of Materials Science and Staffordshire (W)
Engineering, Ithaca, NY.

1:30 *02.1
10:00 BREAK STABILIZED NANOPARTICLES OBTAINED FROh

SYNTHETIC POLYMERIZABLE MICELLES AND VESI-

10:15 01.5 CLES, Constantinos M. Paleos, NRC "Demok-

NYLON 6-CLAY HYBRID, Akane Okada, Masaya ritos", Attiki, Greece.
Kawasumi, Toshio Kurauchi, and Osami
Kamigaito, Toyota Central Research and 2:00 02.2
Development Laboratories, Inc., Aichi, THE PHYSICAL PROPERTIES OF MICROCELLULAR
Japan. COMPOSITE FOAMS, Alice M. Nvitrav and Joel

M. Williams, Los Alamos National Laboratory,

; 10:30 01.6 Los Alamos, NM; and David Onn, University of
REINFORCEMENT OF ELASTOMERS BY THE IN-SITU Delaware, Newark, DE.
PRECIPITATION OF FILLER PARTICLES, James E.
Mark, University of Cincinnati, Department 2:15 *02.3
of Chemistry, Cincinnati, OH; Dale W. BLOCK AND STATISTICAL COPOLYMERS OF DIPHEN-

Schaefer, Sandia National Laboratories, YLSILOXANE AND DIMETHYLSILOXANE, DJ. Meier,
* Albuquerque, NM. Michigan Molecular Institute, Midland, MI.

2:45 02.4
MULTIPHASE POLYMER SYSTEMS WITH CONTROLLED
PHASE STRUCTURES, Claus D. Eisenbach, Uni-
versity of Bayreuth, Bayreuth, West Germany.

3:00 BREAK
*Invited Paper
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3:15 02.5 9:00 *03.2
SYNTHESIS AND EMULSIFICATION EFFECTS OF RECENT ADVANCES IN THE MORPHOLOGY AND
ISOTACTIC POLYSTYRENE/POLYBUTADIENE DIBLOCK MECHANICAL PROPERTIES OF RIGID-ROD MOLECULAR
COPOLYMERS, Luiai Cazzaniaa and Robert E. COMPOSITES, Stephen J. Krause, Arizona State
Cohen, Massachusetts Institute of Technol- University, Department of Chemical, Bio, and
ogy, Department of Chemical Engineering, Materials Engineering, Tempe, AZ; and Wen-
Cambridge, MA. Fang Hwang, Dow Chemical Company, Central

Research - Advanced Polymeric Systems, Mid-
3:30 02.6 land, MI.

THE EFFECT OF PLANAR SURFACE CONSTRAINTS ON
THE MICROPHASE SEPARATION OF STAR-DIBLOCK 9:30 03.3
COPOLYMERS, Dwight W. Schwark and Edwin L. RHEOLOGY OF BLENDS OF A RODLIKE POLYMER
Thomas, Massachusetts Institute of Technol- (PBO) AND ITS FLEXIBLE CHAIN ANALOG, V.S.
ogy, Department of Materials Science and Sullivan and G.C. Berry, Carnegie Mellon
Engineering, Cambridge, MA; Chris S. Henkee, University, Department of Chemistry, Pitts-
Dow Chemical Company, Midland, MI; and Lewis burgh, PA.
J. Fetters, Exxon Research and Engineering
Company, Annandale, NJ. 9:45 03.4

PBZT MOLECULAR COMPOSITES WITH ADVANCED
3:45 02.7 THERMOPLASTIC MATRICES, W. Michael Sanford

PATH DEPENDENT MORPHOLOGIES OF A DIBLOCK and Gerard M. Prilutski, E. I. duPont de
COPOLYMER OF POLYSTYRENE/HYDROGENATED POLY- Nemours & Co., Inc., Fibers Department,
BUTADIENE, Konstadinos Douzinas, Charles V. Wilmington, DE.
Berney, and Robert E. Cohen, Massachusetts
Institute of Technology, Chemical Engineer- 10:00 BREAK
ing Department, Cambridge, MA.

10:15 03.5
4:00 02.8 PBZT-BASED THERMOPLASTIC MOLECULAR COM-

DYNAMIC IR STUDIES OF MICRODOMAIN INTER- POSITES DEVELOPMENT; POLYAMIDE MATRIX
PHASES OF ISOTOPICALLY LABELED BLOCK COPOLY- SYSTEM, William C. Uv and E. Renee Perusich,
MERS, I. Noda, S.D. Smith, and C. Marcott, E. I. duPont de Nemours & Co., Inc., Fibers
Procter and Gamble Company, Miami Valley Department, Wilmington, DE.
Laboratories, Cincinnati, OH.

10:30 03.6
4:15 02.9 MORPHOLOGY AND FORMATION OF FIBRILLAR STRUC-

C02 DIFFUSION IN A POLYSTYRENE/POLYBUTADIENE TURE IN PBO FIBER, C.C. Chau, J.H. Blackson,
BLOCK COPOLYMER WITH ORIENTED LAMELLAR H.E. Klassen, and W.-F. Hwang, The Dow
DOMAINS, Dave Rein, Robert E. Cohen, and Chemical Company, Midland, MI.
R.F. Baddour, Massachusetts Institute of
Technology, Chemical Engineering Department, 10:45 03.7
Cambridge, MA. MELT PROCESSABLE POLYMER COMPOSITES BASED ON

THERMOTROPIC AND FLEXIBLE POLYMERS, G.
4:30 02.10 Crevecoeur and G. Groeninckx, University of

MORPHOLOGICAL CONTROL OF BLOCK COPOLYMERS Leuven, Laboratory for Macromolecular and
FOR LOW GAS PERMEABILITY APPLICATIONS, Structural Chemistry, Leuven, Belgium.
Jeffrey Csernica, Robert E. Cohen and
Raymond F. Baddour, Massachusetts Institute 11:00 03.8
of Technology, Department of Chemical En- MOLECULAR COMPOSITES OF RODLIKE/FLEXIBLE
gineering, Cambridge, MA. POLYIMIDES, S.R. Rojstaczer, D.Y. Yoon, and

W. Volksen, IBM Almaden Research Center, San
SESSION 03: RIGID-FLEXIBLE SYSTEMS Jose, CA; and M. Ree, IBM East Fishkill

Chairs: R. W. Pekala and A. M. Nyitray Facility, Hopewell Junction, NY.
Tuesday Morning, November 28

St. George B,C,D (W) 11:15 03.9
STRUCTURE AND PROPERTIES OF BLENDS FROM

8:30 *03.1 POLY(CARBONATE) AND POLY(ETHYLENETERE-
LIGHT SCATTERING STUDIES OF THE STATE OF PHTHALATE-CO-P-HYDROXYBENZOATE): PHASE
DISPERSION IN MOLECULAR COMPOSITES, Richard DIAGRAM AND MECHANICAL BEHAVIOUR, Robert
S. Stein and Sylvia Cohen Addad, University Kosfeld, Frank Schubert, and Michael Hess,
of Massachusetts, Lederle Graduate Research University of Duisburg, Department of Physi-
Center, Amherst, MA; Ben Hsaio, E. I. duPont cal Chemistry, Duisburg, West Germany.
de Nemours & Co., Inc., Pioneering Research
Laboratory, Wilmington, DE; Russell
Gaudiana, Polaroid Corporation, Cambridge,
MA.
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11:30 03.10 3:30 04.6
PHASES AND PHASE DIAGRAMS IN BLENDS OF DIELECTRIC STUDIES OF POLYESTER/POLYCAR-
POLYMER LIQUID CRYSTALS WITH ENGINEERING BONATE BLENDS, James M. O'Reilly and Joseph
POLYMERS, Witold Brostow, University of S. Sedita, Eastman Kodak Company, Corporate
North Texas, Center for Materials Charac- Research Laboratories, Rochester, NY.
terization and Department of Chemistry,
Denton, TX; Theodore S. Dziemianowicz, 3:45 *04.7
Himont U.S.A. Inc., Wilmington, DE; Michael INTERPENETRATING POLYMER NETWORKS AND RE-
Hess and Robert Kosfeld, Universitit Duis- LATED TOPOLOGICAL ISOMERS, Harry L. Frisch,
burg, FB6 - Physikalische Chemie, Duisburg, State University of New York, Department of
West Germany. Chemistry, Albany, NY.

11:45 03.11 4:15 04.8
STRUCTURE OF POLYQUINOLINE MOLECULAR COM- MOLECULAR MODELING OF INTERPENETRATING
POSITE - A SMALL ANGLE SCATTERING STUDY, POLYMER NETWORKS (IPNs), W.B. Hammond and
Wen-li Wu, National Institute of Standards D.C. Prevorsek, Allied-Signal, Inc., Morris-
and Technology, Polymers Division, Gaithers- town, NJ.
burg, MD; John K. Stille, Joseph W. Tsang,
and Alex J. Parker, Colorado State Univer- 4:30 04.9
sity, Department of Chemistry, Fort Collins, FORMATION OF IPN TYPE THERMOPLASTIC MOLECU-
CO. LAR COMPOSITES, David A. Valia, General

Dynamics Corporation, Convair Division, San
SESSION 04: BLENDS/IPN's Diego, CA.

Chairs: G. C. Berry and W. L. Wu
Tuesday Afternoon, November 28 SESSION 05: IONOMERS/STRUCTURE

St. George B,C,D (W) Chairs: J. M. O'Reilly and I. Noda
Wednesday Morning, November 29

1:30 * St. George B,C,D (W)
PHASE BEHAVIOR IN POLYMER BLENDS, William J.
MacKnight and Frank E. Karasz, University of 8:30 *5.1
Massachusetts, Polymer Science and Engineer- MOLECULAR VARIABILITY IN IONOMERS, A. Eisen-
ing, Amherst, MA. ber, McGill University, Department of

Chemistry, Montreal, Canada.
2:00 *04.2

SANS STUDIES OF BLENDS OF PROTONATED LINEAR 9:00 05.2
POLYSTYRENE WITH CROSSLINKED DEUTERATED BLOCK COPOLYMER IONOMERS: SULFONATED
POLYSTYRENE, Robert M. Briber, National STYRENE-(ETHYLENE-CO-BUTYLENE)-STYRENE
Institute of Standards and Technology, POLYMERS, R.A. Weiss and A. Sen, University
Polymers Division, Gaithersburg, MD. of Connecticut, Department of Chemical

Engineering/Polymer Science Program, Storrs,
2:30 04.3 CT; L.A. Pottick and C.L. Willis, Shell

DYNAMICS OF PHASE SEGREGATION IN POLY-P- Development Company, Westhollow Research
PHENYLENE TEREPHTHALAMIDE AND AMORPHOUS Center, Houston, TX.
NYLON BLENDS, J.C. Yang, T.I. Chen and T,
Kvu, University of Akron, Center for Polymer 9:15 05.3
Engineering, Akron, OH. "GRAFT COPOLYMERS" FORMED BY SPECIFIC INTER-

ACTIONS IN POLYSTYRENE AND POLYISOPRENE
2:45 04.4 BASED IONOMERIC BLENDS, Sun Sasongko, M.

BLENDS OF CRYSTALLIZABLE POLYBUTADIENE Sabade, and R.A. Weiss, University of Con-
ISOMERS, Moira Marx Nir and Robert E. Cohen, necticut, Polymer Science Department,
Massachusetts Institute of Technology, Storrs, CT; and R. Jerome, University of
Department of Chemical Engineering, Cam- Liege, Liege, Belgium.
bridge, MA.

9:30 05.4
3:00 BREAK MORPHOLOGY OF IONIC BLOCK COPOLYMERS BY

SAXS, Jean-Pierre Gouin, Alain Desjardins
3:15 04.5 and Adi Eisenberg, McGill University, Chem-

FACTORS INFLUENCING PROPERTIES OF SAN/PMMA istry Department, Montr~al, Canada; Claudine
BLENDS, R. Subramanian, Y.S. Huang, J.F. E. Williams, LURE Universitd Paris-Sud,
Roach, and D.R. Wiff, GenCorp Research, Department BAT 209 D, Orsay, France.
Akron, OH.
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9:45 05.5 ESSON O : S N': 5 1 : CT -I'K
SMALL ANGLE X-RAY SCATTERING ON POLY(ETHYL- PR3PLRT'*i
ENE-METHACRYLIC ACID) LEAD AND LEAD SULFIDE Chaiis: C. D. E~senbach aric L. Q. W..
IONOMERS, Dan 0. Wu and Ben3amin Chu, State Weanesua Afterrioor,
University of New ork at Stony Brook, St. George 1,, L
Department of Chemistry, Stony' Brook, NY;
and Walter Mahler, E. 1. d'.APont de Nemours g 1:30 *06.1
Co., Inc., Central Researc and Development MORPHOI-OG:CA. CONSEQUENCE. OF' CATALY71r
Department, Wilmington, DL. HYDROGENATION OF POLYMERS .N THE BULK, ____

R. Giliom, Sandia National Laborarore-
10:00 BREAK Albuquerque, NM.

10"15 05.6 2:00 06.2
POLYMER COMPOSITES WITH ELECTRONIC AND IONIC SYNTHETIC CONTROL OF MOLECULAP STPt'C:TURE Ir
CONDUCTIVITIES, P. Aidebert, N. Girault, r. ORGANIC AEROGELE, Richarc W. Pevaa Law-
P ifri, C.E.A., Groupe Physico-Chimie Mole- rence Livermore National Laboratcr ', Crhexs-
culaire, Grenoble, France; and P. Audebert, try and Materials Science Department, ,,
Universite Paris VII, Laboratoire d'Electro- more, CA.
chimie Moleculaire, Paris, France.

2:15 06-3
10:30 *05.7 SYNTHETIC PROCEDURES FOR PREP~.Tres Zt-
EXCIMER AND EXCITON FUSION OF BLENDS AND LINKABLI ACRYLIC COMB-,IKE COPOLYMER$ .':
MOLECULARLY DOPED POLYMERS--A NEW MORPHOLOG- MACROMONOMERS, -. -F Cher and T-ran1
ICAL TOOL, Zhong-You Shi, Ching-Shan Li, Jones, North Dakota State 1n4 ersit. .C,,-
Irene E. Newhouse and Raoul Kopelman, The mers ana Coatings Department. rargo, NI.
University of Michigan, Department of Chem-
istry, Ann Arbor, MI. 2:30 06.4

SYNTHESIS AND CHARACTERIZATION OF SEGNENTE:
ii.00 05.8 COPOLYMERS OF A METHYLATED POLAMl f AND[
THE ORDERED BICONTINUOUS DOUBLE DIAMONn THERMOTROPIC LIQUIE CRYSTALL:NE POIYEFTE
STRUCTURE IN BLENDS Of DIBLOCK COPOLYMER AND Gregory T. Pawlikowski, R.A. Weiss, an- S.J
HOMOPOLYMER, Karen 1. Winev, University of Huang, Universit of Conriectic. :t, lnst..t~t.
Massachusetts, Polymer Science and Engineer- of Material Science, Storrs, C1.
ing Department, Amherst, MA; and Edwin L.
Thomas, Massachusetts Institute of Tech- 2:45 06.5
nology, Materials Science Department, Cam- MORPHOLOGY OF SOLVENT CAST DIBLOCI\ COPLt-
bridge, MA. MERS AND COPOLYMER-HOMOPOLYMER BLENDS CON'-

TAINING "DURHAM' POLYACETYLENE, ',. Sankarar
11:15 05.9 Massachusetts Institute of Technco." cg
STUDIES ON THE MICROSTRUCTURE OF CORE-SHELL Department of Chemical Engineering, Cam-
COPOLYMERS BY ELECTRON MICROSCOPY, R. Vel&z- bridge, MA; R.R. Schrock, Massachusetts
quez, UNAM, Institute de Fisica, Mexico, Institute of Technology, Chemistry Depart-
Mexico; A. Cruz, UNAM, Facultad de Quimica, ment, Cambridge, MA; and P.E. Cohen, Mas-
Mexico, Mexico; and V.M. Castaho, UNAM, sachusetts Institte of Technology, Depart-
Instituto de Fisica, Mexico, Mexico. ment of Chemical Engineering, Cambridge, M

..:30 05.10 3:00 BREAK
STUDIES ON THE EXCESS FREE ENERGY AND THE
COLLECTIVE DIFFUSION CONSTANT OF THE BLEND 2:15 *06.6
d-PS/PVME AND THE SOTOPIC BLEND d-PSPS AGGREGATION STRUCTURE AND ELECTROOPT7-A7
WITH NEUTRON SMALL ANGLE SCATTERING, PROPERTIES OF iL:QUID CRYSTALLINE POLYMER,
Schwahn, KFA Jalicn GmbH, Institut far (LOW MOLECULAR WEIGHI LIQUIZ CRYSTAL COr-
Festkbrperforschung, JUlich, West Germany; POSITE SYSTEM, Tisato Ka-ivama, KyushL
K. Hahn, J. Streib. BASF Aktiengesellschaft, Univers-ty, Department of Applied Chemistry
Polymer-, Festkbrperphysik, Ludwigshafen, Fukuoka, Japan.
West Germany; and T. Springer, KFA J~lich
GmbH, Institut fur Festkbrperforschung, ::45 06.7
Julich, West Germany. (ABSTRACT WITHDRAWN)

11:45 05.11
PROPERTIES AND STRUCTURE OF POLY(VINYL
ALCOHOL) (PVA)/MELAMINE FORMALDEHYDE (MF)
MOLECULAR COMPOSITES, Kecheng Gono and
Xinghua Zhang, South China University of
Technology, Polymer Structure and Modifica-
tion Research Laboratory, Guangzhou, China.
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4 : 00 06. a 9: 45 07.5
ELECTRICALLY CONDUCTIVE COMPOSITE PREPARED X-RAY REFLECTIVITY AND FLUORESCENCE MEASURE-
BY TEMPLATE POLYMERIZATION OF PYRROLE INTO A MENTS FROM POLYSTYRENE-CO-BROMOSTYRENE/POLY-
CO!MPLEXED POLYMER, A. Moa kai, D.W. Paul, STYRENE BLENDS, J, Sokolov, M.H.
0. Inganas, J.0. Nilsson, and I. Lundstom, Rafailovich, and X. Zhao, Queens College,
:,inkoping Institute of Technology, Labora- Department of Physics, Flushing, NY; W.B.
tory of Applied Physics, Department of Yun, Argonne National Laboratory, Argonne,
Physics and Measurement Technology, Lin- IL; R.A.L. Jones and E.J. Kramer, Cornell
koping, Sweden. University, Ithaca, NY; R.J. Composto,

University of Massachusetts at Amherst,
4:15 06.9 Amherst, MA; and B. Arun, Brooklyn College,

MIXED ALKALI-ALKALINE EARTH METAL PERCHLOR- Brooklyn, NY.
ATE POLYETHER COMPLEXED COMPOSITE POLYMER
ELECTROLYTES: INVESTIGATION OF STRUCTURAL 10:00 BREAK
AND TRANSPORT PROPERTIES, A.N. Durga Rani,
Indian Institute of Technology, Department 10:15 07.6
of Physics, Madras, India; and P. Sathya SURFACE MODIFICATION AND SURFACE SEGREGATION
Sainath Prasad, University of Minnesota, PROPERTIES OF BLOCK COPOLYMERS, E. Parsonage
Corrosion Research Center, Department of and M. Tirrell, University of Minnesota,
Chemical Engineering and Materials Science, Department of Chemical Engineering and
Minneapolis, MN. Materials Science, Minneapolis, MN; H.

Watanabe, Osaka University, Department of
SESSION 07: INTERFACES/MECHANICAL Macromolecular Science, Osaka, Japan.

Chairs: W. M. Sanford and R. Subramanian 10:30 07.7
Thursday Morning, November 30 INTERFACIAL SEGREGATION EFFECTS IN MIXTURES

St. George B,C,D (W) OF HOMOPOLYMERS WITH COPOLYMERS, Vijav S.
Wakharkar, Thomas P. Russell, and Vaughn R.

8:30 *07.1 Deline, IBM Almaden Research Center, San
DIBLOCK COPOLYMERS AT INTERFACES, Peter F. Jose, CA.
Green, Sandia National Laboratories, Albu-
querque, NM. 10:45 07.8

A NEW VARIABLE ANGLE FT-IR ELLIPSOMETER,
9:00 07.2 J.L. Stehle, J.H, Lecat, J.P. Piel, 0.

SHORT TIME RELAXATION AT POLYMERIC INTER- Thomas and P. Evrard, SOPRA, Bois-Colombes,
FACES, A. Karim, A. Mansour, and G.P. France; L.C. Hammond, ARIES/QEI, Concord,
Felcher, Argonne National Laboratory, Ma- MA.
terials Science Department, Argonne, IL; and
T.P. Russell, IBM Almaden Research Center, 11:00 07.9
Polymer Science Department, San Jose, CA. POLYMER MOLECULES AT INTERFACES: STUDIES BY

SMALL-ANGLE NEUTRON SCATTERING, W.C.
9:15 07.3 Forsman and B.E. Latshaw, University of

NEUTRON REFLECTION STUDY OF SURFACE ENRICH- Pennsylvania, Department of Chemical Engi-
MENT IN AN ISOTOPIC POLYMER BLEND, R.A.L. neering, Philadelphia, PA; and D.T. Wu, The
Jones, L. Norton, and E.J. Kramer, Cornell Marshall Laboratory of the duPont Company,
University, Materials Science Department, Philadelphia, PA.
Ithaca, NY; R.J. Composto and R.S. Stein,
University of Massachusetts at Amherst, 11:15 07.10
Amherst, MA; T.P. Russell, IBM San Jose MECHANICALLY INDUCED SILICA-SILOXANES MIX-
Research Division, San Jose, CA; G.P. TURES, STRUCTURE OF THE ADSORBED LAYER AND
Felcher, A. Mansour, and A.. Karim, Argonne PROPERTIES OF THE NETWORK STRUCTURE, J.P.
National Laboratory, Materials Science C, Laboratoire de Spectrometrie
Department, Argonne, IL. Physique, St. Martin d'heres, France.

9:30 07.4 11:30 07.11
INTERDIFFUSION AND INTERFACIAL MOTION IN THE EFFECT OF MASKED ISOCYANATES ON THE
POLYMER BILAYERS, T.P. Russell, IBM Almaden MECHANICAL PROPERTIES OF MY 720/DDS EPOXY
Research Center, Polymer Science Department, RESIN, N. Rungsimuntakul, R.E. Fornes, and
San Jose, CA; A. Karim, A. Mansour, and G.P. R.D. Gilbert, North Carolina State Univer-
Felcher, Argonne National Laboratory, Mate- sity, Fiber and Polymer Science Department,
rials Science Department, Argonne, IL. Raleigh, NC.
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11:45 07.12 3:45 08.8
A STUDY OF SHORT METAL FIBER REINFORCED THERMAL AND RHEOLOGICAL STUDY OF A THERMO-
COMPOSITE MATERIALS, W.C. Chung, San Jose TROPIC LIQUID CRYSTALLINE POLYMER, D.
State University, Division of Technology, Fruitwala, A.L. Cimecioglu, and R.A. Weiss,
San Jose, CA. University of Connecticut, Institute of

Material Science, Polymer Science Program
SESSION 08: MISCELLANEOUS/ and Department of Chemical Engineering,

CONVENTIONAL COMPOSITES Storrs, CT.
Chairs: R. R. Haghighat and T. Kurauchi

Thursday Afternoon, November 30 4:00 08.9
St. George B,C,D (W) BLENDS OF POLY(STYRENE-CO-MALEIC ANHYDRIDE)

WITH MAIN-CHAIN NEMATIC POLYESTERS: PHASE
1:30 -08.1 BEHAVIOR AND MELT RHEOLOGY, J.J. Mara, R.B.

DEFORMATION BEHAVIORS OF POLYMER GELS IN Blumstein, A. Blumstein, University of
ELECTRIC FIELD, T. Kurauchi, T. Shiga, Y. Lowell, Polymer Science Department, Lowell,
Hirose, and A. Okada, Toyota Central Re- MA; and G. Kharas, Polysar, Inc.,
search and Development Laboratories, Inc., Leominster, MA.
Aichi, Japan.

2:00 Q2
BIAXIAL EXTRUSION OF POLYIMIDE LARC-TPI &
LARC-TPI BLENDS, R. Ross Hlahighat, Lucy
Elandjian, Richard W. Lusignea, Foster
Miller, Inc., Waltham, MA.

2:15 08.3
THE PROPERTIES OF RUBBER-CRUMB TOUGHENED
POLYSTYRENE COMPOSITES OBTAINED THROUGH
REINFORCING REACTION MOULDING, Kecheng Gong
and Long-gui Zhong, South China University
of Technology, Department of Polymer Sci-
ence, Guangzhou, China.

2:30 08.4
FOURIER TRANSFORM RAMAN STUDIES OF SEMI-
FLEXIBLE FLUOROCARBON CHAINS CONTAINING AN
AROMATIC CORE, A. Schulte, V. Hallmark, R.
Twieg, K. Song and J.F. Rabolt, IBM Almaden
Research Center, San Jose, CA.

2:45 08.5
THE EFFECT OF LOW POWER AMMONIA AND NITROGEN
PLASMAS ON CARBON FIBRE SURFACES, C. Jones,
University of Illinois, National Centre for
Composite Materials Research, Urbana, IL,
and Liverpool University, IRC, Department of
Physics, Liverpool, United Kingdom; and E.
Sammann, University of Illinois, Materials
Research Laboratory, Urbana, IL.

3:00 BREAK

3:15 08.6

(ABSTRACT WITHDRAWN)

3:30 08.7
DETERMINATION OF PARTICLE SIZE OF A DIS-
PERSED PHASE WITH SMALL-ANGLE X-RAY SCATTER-
ING, Frank C. Wilson, E. I. duPont de
Nemours & Co., Inc., Polymer Products
Department, Wilmington, DE.
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01.1 01.4
INORGkNIC-ORGANIC COMPOSITES BY SOL-GEL TECHNIQUES. CONDUCTING MULTILAYERED NANOCOMPOSITES:
lielmut Schmidt and R(Idiger NaSl, Fraunhofer-insti- INTERCALATION OF CONJUGATED POLYMERS IN LAYERED
tut far Silicatforschung, Neunerplatz 2, V-700 MEDIA. Vivek Mehrotra, Taehyun Kwon and
WUrzburg, Fed. Rep. Germany Emmanuel P. Giannelis, Department of Materials

science and Engineering, Cornell University,
The incorporation of inorganic units into orgalic Ithaca, NY 14853.
polymers on a finely devided or on a molecular
scale can be a new challenge. Therefore, it is Intercalation compounds formed by the insertion
necessary to start from inorganic monomers or oi- of molecular layers in the galleries of a host
gomers as precursors and to use chemical links to structure offer new opportunities in designing
organic monomeric, oligomeric or even polymeric multiphase systems with dispersion at the
units. A suitable link can be a coordinative bond, molecular level. Oxidative intercalation-
e.g. complex formation between ligands bond to a polymerization of aniline, pyrrole, and
polymeric chain and a metal atom of a ceramic pre- thiophene in the intracrystalline region of
cursor. Another suitable link is the ESi-CE bond layered silicates results in a new generation
with the Si fixed to a ceramic network via a sSi-O- of conducting molecular composites. These
bond. As ceramic precursors alkoxides undergoing a materials consist of a multilayered structure
sol-gel reaction can be used, thus building up an with a periodicity of a few Angstroms in which
inorganic backbone. For the formation of the organ- molecular monolayers of the polymer are
ic polymeric chain, a variety of already known prin- alternately stacked with the insulating host.
ciples can be applied. Examples for the chemistry, Our discussion will concentrate on synthetic
structure to property relation and important appli- strategies and properties of the new layered
cations for both basic principles with Si, Ti, Zr, nanocomposites.
and Al containing polymers are given. 01.5

O1.2 NYLON 6-CLAY HYBRID. Akane Okada, Masaya
Kawasumi, Toshio Kurauchi and Osami Kamigaito,

NEW HYBRID INORGANIC-ORGANIC MATERIALS MADE BY Toyota Central Research and Development
THE SOL GEL METHOD: SYNTHESIS - Laboratories, Inc., Nagakute. Aichi. Japan
STRUCTURE-PROPERTY BEHAVIOR. . L. Wilkes, Ding
Wang, Anthony Brennan, David Rodrigues and Nylon 6 (polycaploractam) has good properties and
Hao-Hsin Huang, Virginia Polytechnic Institute & is a commonly used engineering polymer. It has
State University, Department of Chemical been successfully reinforced by glass fiber or
Engineering and Polymer Materials and Interfaces other inorganic materials. In these composites.
Laboratory, Blacksburg, VA. polymer and additives are not homogeneously

dispersed with each other under microscopic
Over the past few years, a number of network observation. If dispersion of polymer and
hybrid materfals based on reactions between metal additives could be achieved "in the dimension of
alkoxides and appropriately funactinalized molecules",the mechanical properties would be

organic polymers/oligomers have been made. Under expected to be further improved and/or new

the appropriate conditions, a good dispersion of unexpected features might appear from it. Clay is
these components can be developed at the time of a potential candidate of the additive since it is
the Sol gel reaction that promotes a high degree composed of sheet silicates, 10 A thick, and

of mixing of these components in the final undergoes intercalation with organic molecules.

network structure. The presentation will focus i-Caprolactam was polymerized in the presence of
on the range of synthesis that has been utilised montmorillonite, a clay, giving a nylon 6-clay
to incorporate such metal alkoxides as those hybrid (NCH). X-ray and TEM measurement revealed
based on aluminum, silicon, titanium and that each 10 A layer dispersed in the nylon 6
zirconium. The organic oligomers will include matrix and that interlayer distance increased up
such low Tg backbone materials as to 214 A from 12 A of the clay mineral. Thus NCH
polydimethylsiloxane and pelytetramethylene oxide has been proved a "polymer based molecular
as well as higher Tg backbone systems such as composite " or "nanometer composite". NCH could
polyether ketone. In addition to the general be injection-moldeded and showed excellent
synthesis, emphasis will also be distinctly properties compared with nylon 6 such as tensile
placed on understanding the structure-property strength, modulus and heat resistance. Heat
behavior of these materials utilising mechanical distortion temperature was heighten from 65 " of
and structural techniques such as dynamic nylon 6 to 145 " of NCH which contains only 4 wt%

mechanical spectroscopy, small angle x-ray (1. 6 vol%) of clay.

scattering and transmission electron microscopy. Synthesis, structure and mechanism of improvement
of properties of NCH will be discussed.01.3

CATALYTIC SYNTHESIS OF INORGANIC POLYMERS FOR HIGH 01.6

TEMPERATURE APPLICATIONS AND AS CERAMIC PRECURSORS: REINFORCEMENT OF ELASTOMERS BY THE IN-SITU
Richard M. Laine, Jeffrey A. Rahn, Martin L. Hoppe and PRECIPITATION OF FILLER PARTICLES. James E. Mark.
Kay Youngdahl: Polymeric Materials Laboratory and
Department of Materials Science and Engineering, Universit of Cincnnai, Deparmen of Chemisr, Cincnnati,

University of Washington, Seattle, WA 98195 OH 45221-0172; and Dale W. Schaefer. Division 1810, P.O.

Titanium catalyzed redistribution of -[MeHSiO] x- and Box 5800, Sandia National Laboratories, Albuquerque, NM

-[H2SiNMe0x- in toluene leads to the formation of tractable 87185.
inorganic polymers that can be spun or used to form films. The goal of primary interest in these investigations was the
The high temperature chemistry of these polymers will be
discussed, development of novel methods for filling elastomeric networks.

The techniques developed employ the in-situ precipitation of
reinforcing fillers such as silica or a glassy polymer such as

polystyrene either after, during, or before network formation.
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The reaction involves decomposition of organometallic mobility and they might be related to polymer-filler interactions and

compounds. using a variety of catalysts and precipitation their distribution.

conditions, or free-radical polymerization of a suitable 01.9

monomer. The effectiveness of the technique is gauged by SYNTHETIC POLYMERS IN WATER-IN-OIL MICROEffULSIONS.
Franqoise Candau, (CRM-EAHP)CNRS-ULP, 6 rue Boussingault,

stress-strain measurements carried out to yield values of the 67083 Strasbourg C*dex, France.

maximum extensibility, ultimate strength, and energy of

rupture of the filled networks. Information on the filler particles High molecular weight water-soluble polymers are usu.,lly

thus introduced is obtained from density determinations, supplied in the form of water-in-oil emulsions which have
advantages of low viscosity and easy storage atid

scattering measurements, and electron microscopy. dissolution. Most uses in water treatment, flocculation,

.7 paper manufacture or mining fields require polymer latexes
formed of finely dispersed particles. Polymerization in

STRUCTURE-PROPERTY RELATIONSHIPS IN SILOXANE reverse micelles or microemulsions appears to be a
MOLECULAR COMPOSITES. D ' Schaefer and J. E. Mark, Sandia rvese cice o m ocr eusili a r tolbea

National Laboratories, Albuquerque. NM 87185; and L. Jian. C.-C. Sun, promising technique, owing to the stability of the polymer
D. McCarthy, C.-Y. Jiang, and Y.-P. Ning, Department of Chemistry latexes thus formed, as well as the high molecular weight

and the Polymer Research Center, University of Cincinnati, Cincinnati, and water solubility of the polymers themselves.

OH 45221 In this presentation, we discuss some aspects of the

Small angle x-ray and neutron scattering techniques are used to study inverse microemulsion polymerization process, which can be
the structure of molecular composites composed of silica and directly correlated to the structural characteristics of

polydimethylsiloxane. A variety of synthesis techniques are used for the the final latexes. An analysis is made on the role of
precipitation of the hard silica phase. If the pre-existing siloxane monomer on the interfacial properties of the swollen
network is swollen with tetraethylorthosilicate which is subsequently micellar systems. These properties govern the stability of
polymerized under basic conditions, the small angle scattering data is the latexes, a key parameter for industrial applications.
consistent with the existence of uniformly dense smooth surface
particulate fillers consistent with previous electron microscopy data. 01.10

We tried several strategies in an attempt the produce ramified polymeric POLYMER BASED Si 3N4/BN COMPOSITES. Wavde R. Schmidt,

fillers. Polynrization at lower pH indeed gave dispersed fillers, but Vijay Sukumar, William J. Hurley, Jr., Robert H. Doremus,

only at concentrations below that needed for effective reinforcement, and Leonard V. Interrante, Departments of Materials Engi-

At high filler concentrations we always found uniformly dense smooth neering and Chemistry, Rensselaer Polytechnic Institute,
surfaced fillers under solution polymerization conditions. Troy, NY 12180-3590

Two new classes of fillers prepared by polymerization under different
conditions were discovered. The reaction of the swollen networks with Partially crystalline silicon nitride, with a specific

ammonia vapor produced a bicontinuous network of silica and siloxane. surface area greater than 200 m2/g, is obtained by the
In this case the continuous silica phase resulted in embritled material. pyrolysis of an organometallic, polymeric precursor under

The most promising reinforced elastomers reproduced by two-stage NH3 to 1O0C. Additional heating to 1400'C under N2

polymerization. In this case we find spinodal-like bicontinuous produces & -Si 3 N4 . The addition of up to 157. boron

networks at large scales whereas at shorter length scales the fillers are nitride was found to affect the coarsening characteris-

dispersed, more like an interpenetrating network. In this case the tics of amorphous silicon nitride by promoting surface

mechanical properties are very desirable for reinforced elastomers. area reduction and suppressing crystallinity. These

showing enhanced modulus with little loss of extensibility, results will be discussed as well as recent progress
towards the preparation of BN molecular precursors and

01.8 resulting Si3N4 /BN composites obtained by combining

NMR IMAGING OF SILICA-SILICONE COMPOSITES. Leondo the precursor systems.

G~wid and Jerome L. Ackerman, MGH NMR Center, Department 02.1
of Radiology, Massachusetts General Hospital, 13'h St., Bldg 149, STABILIZrD NANOPARTICLES OBTAINED FROM SYNTHETIC POLYMERI-

Charlestown, MA 02129; James E. Mark, Department of Chemistry, ZABLE MICELLES AND VESICLES. Constantinos M. P~leos, NRC

University of Cincinnati, Cincinnati, OH 45221. "Demokritos", Aghia Paraskevi, 15310, Attiki, Greece.

Nanoparticles of 3-100nm in diameter can be formed by 
the

The design of materials having optimal properties for a gven ap- polymerization of polymerizable micelles or vesicles.

plication requires knowledge on how the properties of interest dependupon their chemfistry and structure at molecular level. NMR is very Micellar polymerization was achieved either by solubilizatior

upniteir othmistheeyo t and structure at molecular level. is v of an appropriate monomer within a micelle, formed from
sensitive to both, the chemical comp n Ad structure Of a conventional surfactants, or by polymerization of a polyme-

stance, and this is reflected in the chemical-shift spectrum as well U rizable surfactant forming itself micelles. Depending on

in the NMR relaxation parameters. Thus NMR imaging techniques the position of the polyerizable group, at the head or at

offer the possibility of selectively map the distribution of a particular the tail, two types of polymerized micelles result i.e.

chemical species in a region of interest. Moreover, NMR imaging can with the backbone at the Stern region and those with the

also provide spatial information about changes in NMR properties

that can be correlated with alterations in molecular structure. Synthetic vesicles are more stable than micelles. In addi-

tion, the dependence of their structure and size on the mo-

This talk wW introduce biefiy the stid-state NMR imaging tech- de of their formation allows greater flexibility than ni-

celleR. Topochemical addition and condensation polymeriza-
niqueanddiscusstheirapplicationtostudysilica-iliconecomposite. tion was employed for their further stabilization. The bin-

These materials are prepared using polydimethylsiloiane (PDMS) ding of the surfactants may occur at various sites i.e. in

model networks reinforced by in situ precipitated silica (SiOs). IH one or both of the layers, and specifically at the surfac-

NMR images of the composites are obtained in which the contrast tant head, in the middle or at the end of the lipophilic

(differences in NMR signal intensity between different rgions) is a chains. Stabilized vesicles were also obtained from 
prefor-

odifer roetoin ensit, spin-atet nd pierpt (To) rela- med polymers or ionenes and finally stabilization of conven-

function of proton density, spn-lttice (TI) and spin-spin (Ts) relu- tional vesicles was also accomplished by appropriate coa-

ation times. These T, and Ts maps represent a measure of molecular ting of their surfaces.
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piperazine units and oxytetramethvleneox y chain extender unit)
natr. f .~ .,Cli cc stl: Jes. elc: r n occurs, which crystallize without chain folding. The laminellar

-copv, NVIF w(> 'ti -e .o i r.o~a r: za7tionr. thickness is directly proportional to the molecular length. However,
by incorporating a more flexible unit in the relatively stiff hard,;2. 2 segment, chain ences the superstructure and consequently the
material properties, too. The structure-properties relationships of7H E !VHYSICAL PROPERTIES OF MICROCELLULAR COM. these model systems and the potential of tailoring the primaPOSITE FOAM~S. *\,ice %4 Nvitrav and Joel M. Williams. Los Alamos structure for creating new superstructures will be illustrated withNational Uaboratory-.Los Alamos. NM: and David Onin, University of particular examples and discussed.

Delaware, Newark, DE.
02. 5Recently we have reported on a new method of preparing mjcrocellu. EYmss 1CEM 7ATON EFFECTS OF :SOTACT -C,ar composite foams. In this procedure an open-celled polystyrene ?OLYSTYRENE/PCLYBL'TAD:NE D:-BLOCK COPOLYMERS.'Coam is Prepared by the polvmerzation of1 a high internal 'phase

..water-in-oil) emulsion containing styrene. divinylbenzene. surfactant, _U 1 0 ~ ai an, ;;., .,,a a.:3
t

; s ets institite of
'ret-radical initiator and water. ' 4.fter drying, the cells of the :holgCamorioqe '-1A, 3nd Robert E. Cohen,l)olvstyrene foam are then filled with other materials such as aerogel or *asc~s~ nt -:~ e:n~q, abrde~esoles. The physical properties of these materials e.g., surface area, -cnlgCmrde
lensity. thermal conductivity, and ,:(mpressive sitringth will be MA
resented.

J2. 3 A novel drnI or, Ic s, ' . e:- -s zechnique for the
BLOCK AND STArlsICAL COPOLYMERS OF stereospecific pclymerization of styrene was used

DIPI IENYLSII.OXANE AND DINMETI 1LSIILOXANE, to prepared a set of we!: characterized :sotacticD. J. Me .Michigan Molecular Institute. Midlatid. Michigan -1864. polystyrene/polybuta eie liPS/PB) diblock

Copoiymers of diphenvlsiloxane and dirnethylsiloxane are of interest since copolymers. The microplase separated morphologies
ihey combine two siloxane components having very different properties. of these diblocks were a'-so studied with
The polvdiphenysiloxane chain is inflexible, and the polymer 1P) is a
crystalline solid with a liquid crystalline or condis crystalline state below transmission electron microscopy of ulzramicrotomed
the very high melting (clearing) temperature. In contra'st, the polvdimethyl- sect ions of molded and static cast films. Various
siloxane chain is highly flexible arid the -polymer Avl) is a -subberv solid thermal histories were imised on the samcles to
with a low melting tempemaure and ai very low glJass transition temperature.
We have prepared a A,!de varuty of block an~d statistical :opoivmers of studyv the effect of the crystallizable iPS on the
these components. ustu ainio'nic pul, merzaion iechoii;ie! wontrol microdomain structure. The blending of these
molecular composition-iid ineleojaraii hiteciure. copolymers with the res pective homopolymers to form

The physical t-rovcrtios : f 'he 2nnel':ners, 'ar, I- .,aica]v vithcrs l izbe ctIs re aorh
7omposition and .irchxecturt. ;*.annuical -or -r ii' ;cpnlmer: wib I S' lie 71] :rrenr v t. lto
lJimethylsiloxane as he nalor -omptieni are l iqii \i_ nVestscazed. TItl~a exoerirnents show that these!n contrast, the jil'leck -oooi-'mer '.0ith 'he ;ame i-tratll
composition and Mnolecular wveight ire s::casc-"ke. v'hile the -ribieck 7ernary biends exhibit a well ordered morphology
copolymers (P-M-PI' are :cugh elastier%. The t3iok :opoiymers are which is attributed to the emulsifyinq effect of the
molecular composites, in which -,hi polvldirhenvlsiloxane -omponent iPS/PB diblock copolymers.
separates into crystalline microphaF.:s havint! i -!nr, 'inifcrm . 'idr~cal or
a lamellar morphology. The rods and lamellac have thicknesses comparable 02. 6
to the length of the polydiphen1 'lsiloxane block, .e ., :pically of he order TEEFC FPAA UFC OSRIT NTEMCOHS

SEPARA4TION OF STAR-DIBLOCK COPOLYMERS. Dwight W. Schwark and
Statistical copolymers of dimethylsiloxane and diphenvisiloxane with the Edwin L Thomas. Dept. of Mat. Sci. & Eng., MIT, Cambridge. MA; Chris
latter as the major component are transparent solids at diphenvlsiloxane S. Henkee, Dow Chemical Company, Midland. Ml; Lewis J. Fetters, Exxo.
concentrations below about 80%w. Such materials are of interest in use as Research & Engineering Company, Anrnandale, N..J.
radiation-resistant optical fibersf t ), in which the diphenylsiloxane
component is present in as high a concentration as possible to provide the According to the strong segregation limit theories for linear diblock
radiation resistance, but with sufficient dimethvlsiloxane in the copolymer copolymers, the equilibrium bulk microdomain morphology is determined
-o prevent crystallization of polvdiphenvlsiloxane and concomitant opacity, by the volume fraction of the components present. For star-diblock

1) J Wakerand . Hrmo. pesonl cmmuncaton.copolymers, in which the arms are composed of linear diblock chains, the
I J.Waler nd . Hamon pesonl comuncatonequilibrium morphology is also dependent upon the composition. However.

')2. 4 the microdomain morphology depends strongly on the number of arms.
Increasing the arm number from 5 to 6. with the same overall sampleMULTI PHASE POLYMER SYSTEMS WITH CONTROLLED composition, induces a morphological transition from hexagonally packedPHASE STRUCTURES. Claus D. Eisenbach, University of cylindrical microdomains to the ordered-bicontinuous double diamondBayreuthi P.O.B. 101251, D-&580 Bayreuth, FRG. (0BDD) structure.

in ves~of olyersas avaned ateial itis achalaningtas to In this series of experiments, the effect of planar surface constraints on
mimJ(r the elegant schemnes; of biologiCal systems in self-organization the microphase separation was investigated. Transmission electron
phenomena, which ultimately leadto highly sophisticated tertiary microscopy (TEM) was employed to examine the effect of both a single
structures with specific functions. The question is, if and to which planar surface as well as two planar surfaces in close proximity, i.e. a
extent these pattern can be transferred to the synthesis and design thin film. In the thin film studies, the samples are asymmetric since theAf new polymers with molecular control of the superstructure and polymer/air surface and the polymer/substrate interface are different.
with specia nd unique properties.

Our pprachis he yntesi ofsegentd bockcoplymrs ith Similarities between linear and star-dliblock copolymers in terms of the
se ments of uniform length and special molecular architecture. For orengfthmcdoanopolgsatheufcendhersnepolytheurehan elstoers ithre ar i tt ~ of a surface layer of the lower surface tension component for both thickcoud e how that latfact ihe gul 7ard tucuei and thin specimens will be discussed. We also comment on the inhibition
(4.4.-diphenylmethanebis(ininocarbony ) or 1,4-bis(carbony)-
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of the OBDD structure as one approaches the surace ot thck secmens or Institute of Technology, Cambridge, MA; and R.F.

as the thickness of the thin film decreases. A comparison of the Baddour, Massachusetts Institute of Technology,
morphology of the thinnest regions in linear and star-diblocks will also
be given. Important variables to consider are the location of the lower Cambridge, MA.
surface tension block (whether it is the inner or outer part of the arm), The solubility and diffusion coefficients of C02 in
the overall sample composition. and the number of arms in the star. a polystyrene/polybutadiene (SB) block copolymer

02.7 were measured in a pressure decay sorption

PATH DEPENDENT MORPHOLOGIES OF A DIBLOCK apparatus. The morphology of the block copolymer

COPOLYMER OF POLYSTYRENE/HYDROGENATED films consisted of alternating S and B lamellae of
POLYBUTADIENW KQnstadinos Douzinas,; Charles approximately 100 A thickness with excellent long
V. Berney,; and Robert E. Cohen, Chem. Eng. range orientation perpendicular to the surface of
Dept. M.I.T., Cambridge, MA.

the films. Diffusion behavior in the copolymer was
A semi-crystalline diblock copolymer of simulated using homopolybutadiene and
Polystyrene/Hydrogenated Polybutadiene (SEE) was homopolystyrene data along with a finite difference
prepared by catalytic hydrogenation of a
precursor, anionically polymerized, model based on the well-ordered morphology. The
Polystyrene/Polybutadiene (SB) diblock comparison between measured and simulated
copolymer. diffusion coefficient values indicated that chain

Samples were cast from solution at temperatures motions in the polybutadiene region of the block
below and above the melting point of the EB copolymer are restricted relative to those of
block. Changes in the microphase morphology were homopolybutadiene owing to the connection with the
observed by TEM and SAXS. Annealing of the bulk
copolymer also affected the observed morphology, polystyrene block.
The morphological changes are caused by 02.10
competing mechanisms of crystallization versus
phase separation. A qualitative phase diagram of MORPHOLOGICAL CONTROL OF BLOCK COPOLYMERS FOR
the SEB/Solvent system is presented to put our LOW GAS PERMEABILITY APPLICATIONS. JeffreyCsemica.
observations in perspective. Robert E. Cohen, Raymond F. Baddour, Massachusetts Insttute of

02.8 Technology, Cambridge, Massachusetts.

DYNAMIC IR ST DIES OF MICRODOMAIN INTERPHASES OF
ISOTOPICALLY L. .BELED BLOCK COPOLYMERS. I. Noda, In many polymer applications where control of gas transport isS. D. Smith, and C. Marcott, The Procter&
Gable Company, Cincinnati, OH. required, it may be desirable to utilize heterogeneous polymer blends or

block copolymers in which one component provides the necessary

ThE transition region between microphase domains pemeaton characteristics, while the other improves mateial propetes
of block polymers, known as the interphase, is
believed to play an important role in the devel- such as modulus or impact strength. If the application requires that a

opment of unique properties of such copolymers. low permeability component provide transport qualities to the material
We used the combination of dynamic IR dichroism (which will probably be the case in packaging and gas separations
(DIRLD) spectroscopy and site-specific isotopic
labeling of polymer chains to elucidate the de- applications), the arrangement of the individual components will be

gree of segmental interactions in the interphase critical, and must be one in which a diffusing species cannot circumvent
region of styrene-isoprene diblock copolymers. the low permeability domains via high conductivity pathways.

DIRLD spectroscopy measures the dynamic reorien- Gas permeability coefficients were measured for several gases in two

tations of submolecular constituents of a system polystyrene-polybutadiene block copolymer systems. One exhibits a
which is perturbed by a small-amplitude strain. morphology of polybutdiene spheres (about 100 nm in dameter) in a
The technique is especially suited for probing m e of t ne spheres abt10nmtin ameer) na
the submolecular-level interactions of copolymer polystysa

segments. Isotopic labeling using deuterium- thick) which have been oriented perpendicular to the permeation
substituted monomers enable us to differentiate direction by a thermorechanical processing technique. The measured
the dynamic responses of well-defined parts of
block segments, e.g., near the segment junction, permeabilites of these two materials are dominatd by the transpor
chain end, or middle of the block, behavior of the low permeability polystyrene component Models are

presented to describe transport in these microphase separated systems
The dynamic reorientaticns of isotopically label- and to facilitate comparisons with the transport behavior of other two
ed block copolymers were studied as functions of
molecular weight, junction structure, and temper- component polymer systems.
ature. The reorientational motion of the poly-
styrene segment, especially near the block junc- 03.1
tion, was monitored around the glass transition LIGHT SCATTERING STUDIES OF THE STATE OF
temperature of the polyisoprene matrix. The de- DISPERSION IN MOLECULAR COMPOSITES. Richard S.
gree of segmental mixing in the interphase re- Stein and Sylvia Cohen Addad, Polymer Research
gion, which leads to the local plasticization of Institute, University of Massachusetts, Amherst, MA. Benpolystyrene by polyisoprene, was determined. I siue nvriy o asc uetA h rt A e

Hsaio. E. I. DuPont de Nemours Co, Inc., Wilmington DE
02.9 19898, and Russell Gaudiana, Polaroid Corporation,
-:'2 DIFFUSION IN A POLYSTYRENE/POLYBUTADIENE BLOCK Cambridge, MA

_yr/ _L.F tnI R.LENTED LAMELLAR DOMAINS. Dave Solutions of blends are prepared of stlff-chain polyesters

g , Massachusetts Institute of Technology, and polyamides with flexible matrices by solvent casting.

2ambridge, MA; Robert E. Cohen, Massachusetts These are examined using the small-angle light scattering
technique emplolying a photometric apparatus. Results
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are analyzed using the Stein-Wilson extension of the The linear (Newtonian) viscosity of solutions of the

Debye-Bueche theory in which the correlation functions PBO polymer used are larger than those of the ABPBO

for density and orientation fluctuations, "J(r) and f(r), and polymer the same polymer concentrations. Nevertheless,
the linear viscosity of blends of PBO and ABPBO tends to

mean-squared fluctuations of the two average refractive be nearly equal to a solution of PBO of the same total

index and its anisotropy, <r 2 > and <52>, respectively, polymer concentration as the blend. This behavior will be
discussed in terms of a model introduced in previous

are obtained. For a molecular dispersion, the correlation studies on miscible blends of rodlike and flexible chain

distances will be small and the anisotropy will be that of polymers in solution. In this model, the rotational
a single stiff molecule. Aggregation of rods is associated diffusion of the rodlike chain is severely constrained by
with an increase in the magnitude and size of the density the flexible chain polymer provided the reptatioal time

constant for the latter is longer than the constraint
fluctuations and a change in anisotropy fluctuations release time for the rodlike component.
which depends upon the degree of correlation of This work supported in part by a DARPA contract.
orientation of the rods in the aggregate. Results thus far 03.4
demonstrate that aggregates are present in all of the PBZT MOLECULAR COMPOSITES WITH ADVANCED THERMOPLASTIC
rod/coil composites prepared. MATRICES. W. Michael Sanford and Gerard M. Prilutski,

E. I. Du Pont de Nemours and Co., Experimental Station,
03.2 P.O. Box 80302, Wilmington, DE 19880-0302

RECENT ADVANCES IN THE MORPHOLOGY AND MECHANICAL PROPERTIES Thermoplastic molecular composites offer the potential for
OF RIGID-ROD MOLECULAR COMPOSITES. Stephen 1. Krause. Dcpartment of better economics and improvements in composite processing,
Chemical, Bio, and Materials Engineering. Arizona State University. Tempe AZ, 85287; and possibly performance, over conventional "string and
and Wen-Fang Hwang, Central Research - Advanced Polymeric Systems, Dow Chemical glue" composites. The early development of molecular com-
Company. Midland MI. 48674 posite technology focused on polyamide matrix polymers;

however, for many aerospace applica- tions higher use
The concept of a self-reinforcing molecular composite of rigid-rod and flexible-coil temperatures and greater solvent resistance than that of
polymercomponentswasfirstproposedbyHelminiaketal.(1)andfabricatedbyHwang polyamide matrices vill be required. This paper describes
et al. (2) in the blend system of rigid-rod poly-p-phenylene benzobisthiazole (PBT) and work performed under contract to the U.S. Air Force to
semi-flexible coil poly-2.5(6) benzimidazole (ABPBI). After synthesis, the key to develop PBZT/thermoplastic molecular composites with high
producing a rigid-rod molecular composite is to control morphology to disperse the performance matrix resins into a viable technology.
reinforcing rod molecules as finely as possible in the matrix polymer such that they have
a high ratio of length to width (aspect ratio) for efficient reinforcement. The rod A scaleable process has been defined based on a novel
compoment must not phase separate during processing. Morphological characterization mixed solvent/quaternary solution technology developed bytechniques, which canmeasure athe oriengationand.d (or, coversely, the degree of Du Pont. Advantages of this process include better eco-

nomics, superior processing performance, and improved MC
phaseseparation),providethetootsforcorrelatingtheoreticallypredictedandmeasured fiber tensile properties versus prior art. Using this
mechanical propenies. Application of new techniques for rigid-rod molecular composites process ve have obtained rule of mixtures properties in
willbediscussed, includinghigh resolutionsecondaryandbackscatteredscanningelectron molecular composite fibers with matrix polymers offering
microscopyandalsoRamanscaeringformicrmechancalcharacwtization. use temperatures from 330 to 600*F. Consolidation of

PBZT/PEK fibrous preforms into uniaxial panels up to 10"
The modulus of the earliest rigid-rod molecular composite systems of the physical blend x 15" has been demonstrated and material property evalu-
and the triblock copolymer of PBT/ABPBI were 1/2 to 3/4 of the theoretical value ation and data base development are in progress. Uniaxial
predicted by the "rule of mixtures" for the 30 PBT17O ABPBI blend (12OGPa) and the property levels achieved to date for all systems compare
triblock copolymer (100 GPa). Although these systems formed molecular composites, favorably with conventional "string and glue" PBZT/epoxy
they did not have a glass transition temperature below the degradation temperaLrue and composites although compressive and shear performance may
couldnotbeconsolidaedbythenalpricessingtechniques. More recently, other systems be limiting factors in MC applications.
which could potentially consolidate more easily, such as thermoplastic, thermoset. and
in-situ rigid-rod molecular composite systems have been synthesized and explored, but the 03.5
properties achieved have not yet approached those of the earlier aromatic heterocyclic PBZT-BASZD TH MOPLASTIC MOLECULAR COPOS!S DSIVEH$ENTI
systems. Lunitations and possible improvements to such systems will be discussed. POLYAIMIDE MATRIX SYSTEM. Villim C. Dy and K. ltes

Perusich, E.I, Du Pont de Nomurs & Co., Inc. ilainlton,
1. T. E. Helminak, FE. Arnold, and C.L Benner, and G.E. Husman, Am. Chem. Soc. DE.
Preprnm 16. 650 (1975). molecular composites (NC) are dispersions of rigid rod
2. W.-F. Hwang, D. Wiff, CJ. Benner, and T.E. Helminiak, 1. Macromol. Sci. Phys., polymer molecules in a matrix of fleaxible coil polymers,
B=.231 (1983). formed by the coagulation of a solution containing these

03.3 components. Thermoplastic molecular Composites offer the
potential for better economics and improvemets in

RH OLOGY OF BLENDS OF A RODLIKE POLYMER (PBO) AND composite processing, and possibly perforamacea, over
ITS FLEXIBLE CHAIN ANALOG, V. S. Sullivan and G. C. conventional "string and glue' composites. This paper
Berry, Carnegie Mellon University, Pittburgh, PA 15213 describes york performed under contract to the U.S. Air

Force to develop PsZT/thermoplatic mlecula composites
Rheological properties of isotropic solutions of into a viable technology.

rodlike poly (1,4-phenyiene-2,6- benzobisthiezole), PBO,
coil-like poly(2,5-bensoxasole), ABPBO, and their miscible A comercially viable NC spinning proces hats been defined
blends in solution will be described. Measurements based on a novel mixed solvetquate nlAy solution
include steady-state properties (the viscosity and technology developed by Du Post. Advantages of this
recoverable compliance as functions of shear rata), process include better ecemoics, superior processing
transient properties (the recoverable compliance), and performance, and improved NC fiber teoslle properties
dynamic mechanical properties (the lose and storage versus prior art. PzTTpolysid = fiben vith
compliances as functions of frequency). The distribution tenactty/modulua of 332 kai/29 Ni bve been produced
of retardation times deduced from the linear transient using this process. Adheosica equivalent to that obtained
recoverable compliance is used together with a in conventional compositea baa bees denastrated.

single-integral BKZ-type constitutive equation to estimate Uniaxial properties achieved to date ompere favorably
the nonlinear dependence on the shear rate, with vith conventional 'string end glue' PIZT/epeq Composites

reasonable success. The distribution of retardation times although compressive and shear performance my be limiting

of the blends is broader then that for the rodlike chain, factors in KC application.

and tends to occur at longer times, reflecting a viscosity
enhancement that occurs with the blends.
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Electron mnicroscopy studies showed tha! the porous structure of organic if the flexiblc .:omfloneolt were zibtatitcd wvhen hei -csrcT:ovC nirccur,,ot

fibers may contain fractal geometr-ies; i.e., the pore spaces and geometric oiutions were rapidly Jited '-icr :tcrtnailk at lt0't 01i at inower

=rcgularities are self-similar upon variations of resolution. At the vicinity teinreratures hv mtct'wavc heating lDvrtamtcal mchlatticai thermal

ia PBO fiber surface, the cross- sectional morphology showed dense atialvsiq results indicate that rhase qcraratiott takcs places f iI "0'h

fiorous aggregates with a degree of asymmetry :it porosity along the radial cotnporitiionr and molecular weightr investigated. I'etwo 'ii I fe
Jdi ctiori In tie matrix, the pore size and porosity appeared to he sightly nhase separated domains determitted fi-r scattering methods k tised)

higher with the pores distributed -andomly in the fibrous aggregates. The estarifish the norphology-r-rer-, relationship in r'idlikt_-mesthie
minjimurn observed aggregate size was about 100 A or smaller. The pitlvimide miolecula opgtl
fractal dimension of pores in PBO fiber as determined by using Iirctpst.
miucroscopy and image analyzing techniques was found to be 2.51+0.06. 03 .9
While the nonfibrifated fiber contained fibrous aggregates with random STRUCTURE AN]) PROPERTIES OF BLENDS
shapes, the fibrillated fiber showed a continuous fibril size distribution FROM POLY(CARBONATE) AND POLY(ETHY -

with no evidence of structural hierarchy. Based on these observations, a LEtNETE-REPHTI-IALATE-CO-P-HYDROX.IBEN-
nucleation and growth model is suggested for the formation of fibril lar ZOATE): PHASE DIAGRAM AND MECHANICAL
structure in PBO fiber with variations in the order of nucleation. BEHAVIOUR. Robert Kosfeld, Frank Schubert,

,Michael HBUniversity of Duisburg, Departement of
03.7 Physical Chemistry, D-4100 Duisburg, FRG.
MELT PROCESSABLE POLYMER COMPOSITES BASED ON
THESMOTROPIC AND FLEXIBLE POLYERS. Mixtures of liquid crystalline polymers with coil--shaped
G. Crevecomur and G. Groeninckx; University of polymers exhibit a great potential in constructing ad-
Leuven; Laboratory f or Macrosolecular and Structural vanced Polymer materials. The properties of composites
Chemistry; Celeatijnenlaan 200 F; 3030 Heverlee; prepared from such polymers is strongly depending on
Belgium the way of preparation and thermal history. The combi-

iation of polymers mentioned above is chosen to show
Thermotropic liquid crystalline polymers (TLCPs) can the complexity of the phase diagrams obtained and the
be blended with flexible polymers in the melt to concentration dependence of some mechanical properties
lower the melt-viscosity of the latter and to form in of these systems.
situ reinforced polymer composites. Since the TLCP Depending on thermal history miscibility gp n e

and the flexible polymer are generally imscible,* a gions of partial miscibility are present n partial cry-
two-phase system is obtained. in which the TLCP is stallization is observed due to nucleation of one compo-
dispersed as spheres or, more preferably, as fine nent caused by the presence of the other.
fibrils, which reinforce the matrix in much the same Some results from simple procesing experiments show
fashion as conventional macroscopic composites, e.g. interesting morphological features.
short fiber reinforced composites. 03.10

The systems studied contained as TLCP ant aromatic PH'AS~ES AHsiD PH-ASE DIAGRAMS IN BLENDS Of POLYMIER LIQUID
polyester or polyester-amide. and the flexible CRYSTALS WITH ENGINEERING POLYMERS. WiIt.Ci.1 0510$.W,
polymer was either polystyrene (PS) or a miscible Cne o aeil hrceiainadDprmn fCe
blend of PS and poly-(phenylene ether) (PPE), The Cne o aeil hrceiainadDprmn fCe

blends were both injection moulded and spun into mistry, University of North Texas, Denton, TX 76203-5371;
fibers. Experimental data will be presented in terms Theodore S. Dziemianowicz, Himont U.S.A Inc., 800 Greenbank
of morphology, mechanical and rheological properties, RaWligoD 90;McalHs n oetKsed
thermal and dynamic behaviour, and molecular RaWligoD 90;McalHs n oetKsed

orientation in the TL.CP. Best reinforcement was found FB6 - Physikalische Chemie, Universltat Duisburg, Postfach
when sufficient elongational flow was applied during 10 16 29, D-41 00 Duisburg 1, Federal Republ IC of Germany.
processing, and the viscosity of the flexible polymer
was significantly higher than that of the TLCP.
Morphological examination of these samples revealed a We continue studies 1-3 of blends of polymer liquid crystals
fibrous texture.* with TLCP fibrils in the micronj sub- (PLC) with ordinary engineering polymers (EP). We now focus
micron range, having very high aspect ratios (more o oncin ewe ehncladohrpoete n
than 100). o oncin ewe ehncladohrpoete n

03.8 phase structures and phase diagrams. Pure PLC are already
03.8 two-phase systems, addition of an EP complicates the situatlort

MOITliCI'L.AR C omIosifE r O 01 RODLI~KlE/FLEXBllLL: further. In particular, we are concerned with phases which we
l'l.IYI\M IES. S. R. RojstaUC~ . I). Y Nloon. W. Volksen. IBM calqsiiudatem rtrsbtw nthgas as-
Research Ditvision, Almaden Research (Center, San lose. ('A 9)S120: calusilqdatemrtrsbtwnthgastan-
-mnd M. Ree, IBM East Fisbkill Ilacilit~'. I lopewell .et.. NY 1253i1. tion and the Melting point. These phases do not have t0e mobi-

lity usually associated with liquids - because of the presence
Composites of rodlike and flexible polyimides have the potential to of other constItutents and also because of possible cold crys-
achieve the desired properties for application in microelectronic pack. tallI zaton. Phase diagrams - Involving nonequilIIirium phases
aging by combining the requited thermal and mechanical properties - will be connected to poerties.
characteristic to the rigid component along with enhanced adhesion p o r
strength provided by the flexible polyimide.
We have employed the in-situ rod formation via imidization to obtain 1. W. Brostow, T.S. Dziemianowicz, J. Romanski and W. Werber,
sub-micron scale phase separation of rodlike and flexible polyimides. Po~nrLg c 1988, 2&. 785.
Mixtures of the respective polvamic alkvl ester (PAlE) and polyamic 2. R. Kosfeld. M. Hess and K. Friedrich, Mater- Chem. & Phys.
acid (PAA) in NMP solvent are therefore used for coating, followed
by' solvent evaporation and final thermal imidization. The ternary 1 987, Ai 93.
phase diagram of the NMP solventPAE/PAA system was determined 3. K. Friedrich, M. H'ess and R. KoSfeld, Makromol. Chem, Symp.
for vainus PAA molecular weights. It is shown that the phase sepa. 1988. Il, 25 1.
-ated morphology of ihe fulls' imidiied blends is nrimarilv determined
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03.11 'Me 16400": with linear chains of M,=43QO0 h% a

STRUCTURE OF POLYQUINOLINE MOLECULAR COMPOSITE-A SMALL that to produce true single Dhase samples v",, ,,w
ANGLE SCATTERING STUDY. IWen-i Xu, Polymers Division, crosslink densities must be ased even with component}, whicr

NIST. Gaithersburg, MD; John K. Stille, Joseph W. Tsang and are compatible as linear chains. The SA(a S data as a
Alex J. Parker, Colorado State University, Fort Collins, function of linear chain length (at constant network
Co. density) and as a function of network density tat constant

linear chain length) will be discussed in terms of the

The compatibility between a rigid rod and a flexible chain classical theory of swelling for a network in a solvent
polyquinolines was characterized using a combination of (generalized to a polymeric solvent) to show that
small angle x-ray and neutron scattering contribution to the free energy from the stretching of the
s.echnaque In the ast, heurscteio(SAXS and SANS) network chains is the reason for phase separation in sucntechniques. In the past, the presence of miorovoids had ssesadntdet niooeefc ewe h S
hampered the use of scattering techniques to quantify the systems and not due to an isotope effect between the PSH
solid state structure and PSD. In addition, using the assumption of additivity ofrod moleculee. s ntein polymer blends containing rigid the mixing and elastic free energies the second derivativerod molecules. In the present work both the mASadSN

thaeur n we and t r of the elastic free energy with respect to compositionmeasurements were performed and their intensities were

reduced to their absolute scales. (8
2
Af* 1.'8 2 ) is obtained from the extrapolated zero angle

scattering (S(O)).

Since the scattering contrast between the void and the 04.3
polymer is grossly different for x-ray and neutron, the
contribution from microvoids scattering can be filtered DYNAMICS OF PHASE SEGR.EATION IN POLY-P-PHENYLENE
out, afterward the spatial arrangement of the rigid rod TEREPIITHALAMIDE AND AMORPHOUS NYLON BLENDS, J. C. Yang, T.
molecules can be determined. I. Chen and T..K.u, Center for Polymer Engineering,

University of Akron, Akron, Ohio.
The polyquinolines were synthesized through a solution
polymerization of bis(O-aminoketoner) with Time-resolved light scattering has been employed to
bis(ketomethylene) monomers. The flexible chain polymer elucidate the dynamics of phase segregation of
has almost an identical composition as the rigid rod one, poly-p-phenylene terephthalamide (PPTA)/amorphous nylon
except there are two additional oxygen atoms per repeating (AN) molecular composites. Miscible PPTA/AN blends can be
unit for the flexible one. prepared from methane sulphonic acid solution by rapidly

coagulating the solution in distilled water. The system,
The extent of molecular dispersion as well as its however, undergoes phase segregation upon thermal
dependence on thermal treatments will be discussed, treatment and exhibits a lower critical solution

temperature (LCST). Several temperature jump experiments
04.1 were undertaken from ambient to a two-phase temperature

region of 240, 250 and 260C. Time-evolution of
PHASE BEHAVIOR IN POLYMER BLENDS. William J. MacKniqht and scattering profiles were analyzed in accordance with non-
Frank E. Karasz, Polymer Science and Engineering, University linear and dynamical scaling theories.
of Massachusetts, Amherst, MA.

Acknowledgement: The support of this work by the U. S.
Mean Field Theories (Flory-Huggins, Lattice Gas, Equation of Army Research Office is gratefully acknowledged.
State) are capable of describing the essential features of
the phase behavior of miscible polymer blends. The dis- 04.4
cussion will be restricted to flexible coil polymers and
examples will be given in which specific interactions (i.e., BLENDS OF CRYSTALLIZABLE POLYBUTADIENE ISOMERS.
hydrogen bonding), and the "copolymer repulsive effect" are Moire Marx Nir and Prof. Robert E. Cohen,
responsible for miscibility or partial miscibility. Massachusetts Institute of Technology, Dept. of

Chemical Engineering, Cambridge, MA 02139

In the first category are blends of aromatic polyben- Blends of two crystallizable polybutadiene (PBD)
zimidazoles and aromatic polyimides. Fourier Transform isomers, syndiotactic 1,2 PbeD and trans 14 PBD,
Infrared Spectroscopy has revealed that hydrogen bonding is have been extensively characterized in both
responsible for the observed miscibility in these polymers, crystallized and melt states. Although the

The copolymer repulsive effect is well demonstrated by chemical compositions of the two homopolymers are

blends of sulfonylated poly(2,6-dimethyl-l,4 phenylene identical, their crystal structures and melting

oxide) and poly(styrene co acrylonitrile). In the case of and glass transition temperatures are very

these blends, six binary interaction parameters are required dissimilar. As determined by WAXS, Rheovibron

to describe the system. Despite the fact that 5 of the 6 viscoelastometry, DSC, and microscopy, the

are thermodynamically unfavorable for mixing, considerable crystallized blends exhibit phase-separated
of copolymer compositions exist where miscibility behavior over the full range of composition. Theregimes of c sple cothe exist lhre i lity scale of heterogeneity in binary blends is less

occurs. This is due to the exceedingly large intramolecular than l and morphology is dependent on thermal
repulsion between styrene and acrylonitrile segments. history. Compatibility of the amorphous phases

04.2 has been studied using mechanical spectrometry.
Addition of amorphous 1,2/1,4 diblocks, as a

SANS STUDIES OF BLENDS OF PROTONATED LINEAR means of emulsifying the blends, will also be
POLYSTYRENE WITH CROSSLIKED DEUTERATED POLYSTYRENE. discussed.
Robert M Briber, Polymers Division, National Institute of
Standards and Technology, Gaithersburg, MD 20899. 04.5

SANS has been used to study mixtures of linear PSH with FACTORS INFLUENCING PROPERTIES OF SAN/PMNA BLENDS

crosslinked PSD made by classical interpenetrating network R. Subramanian, Y.S. Huang, J. F. Roach & D. R. Miff
(IPN) synthesis techniques where the linear chain (PSH) is GenCorp Research, 2990 Gilchrist Road, Akron,

dissolved in a mixture of the monomer of the second Ohio 44305
component (deuterated styrene) and crosslinking agent (DVB) The versatility of polymeric blends is reflected in the
which is then polymerized. The polymerization was preformed range of usable end properties that can be achieved
at 130"C using AIBN as the initiator. Neutron scattering through alterations in the composition and/or effective
was preformed at the NIST SANS facility. SANS indicates control of the morphologies of the mixtures. Solvent
that phase separation occurs between the PSH and PSD during cast and melt mixed blends of SAN and PMMA have been
the polymerization at relatively low crosslink densities studied to understand the influence of PMMA tacticity,
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the acrylonitrile content of SAN copolymer and goodness Interpenetrating Polymer Networks, IPNs, an
of mixing on the properties of the final mixtures. The important class of high performance polymers.
results show a shifting of the cloud point curves and We have used molecular modeling to study a
the miscibility windows for the blends of SAN with class of IPNs prepared by cyclotrimerization of
different stereo-regular PMNAs. This is interpreted as bisphenol-A dicyanate in the presence of a
being due to specific interactions between the linear polymer such as polycarbonate. The cyclo-
acrylonitrile and methacrylate groups. The implications trimerization of cyanates produces s-triazines
of this enhanced specific interaction on the processing linked by bisphenol-A bridges to form an open
conditions and subsequent improvement in mechanical three dimensional network. Using oligomer struc-
properties will be discussed. The limits of mixing that tures to represent the polymer matrix, we have
can be achieved using currently available mixing demonstrated that the network is flexible and
procedures and the usefulness of the title blends as a can incorporate several strands of polycarbon-
model to predict phase behavior of a partially miscible ate with net stabilization by van der Waals and
system will also be discussed. electrostatic interactions. Molecular mechanics

and dynamics calculations have been used to
04.6 study the relationship between structure and
DIELECTRIC STUDIES OF POLYESTER/POLYCARBONATE BLENDS physical properties of these materials. Proce-
James M. O'Reilly and Joseph S. Sedita Corporate Research L aories, dures used to develop appropriate force field
Eastman Kodak Company. Rochester. NY 14650 parameters for polymers will be discussed.

Some co-polyesters of ethylene glycol and cyclohexane dimethanol 04.9
with terphthalic acid ae miscible with polycarbonate when the FORMATION OF IPN TYPE THERMOPLASTIC
polymers are prepared by extrusion at 2850C. These blends show a MOLECULAR COMPOSITES. David A. Valil, General
single Tg by DSC measurements and obey the Gordon-Taylor equation. Dynamics Corporation, Convair Division, San Diego, Ca.
The purpose of this study was to examine the relaxation behavior 92138.
of these blends as a function of composition (25. 50, 75% wt) and
to quantatively - the changes in the WLF coefficients with
composition. The dielectric properties were measured with a DETA A novel approach for the production of thermoplastic
apparatus from Polymer Laboratories from -150 to 2000C at five molecular composites has been developed. Using the
frequencies (1. 3. 10, 28.5 and 100 kHz). The low temperature polyetherimide shown below as the matrix, an IPN
relaxation is not significantly affected by blend compcsition. Dipolar
relaxation above Tg of the blends is typical of a single phase type structure has been attained by synthesizing the
amorphous polymer. The distribution of relaxation time can be rigid rod component in situ.
described by a William-Watts distribution function with P-0.52 to
0.57 over the range of composition. Free volume parameters, f and
of, derived from the temperature dependence of the dielectric
factor, depend on blend composition. f is lower for the blends than
it is for the copolymers. The characteAstic dielectric relaxation time
at Tg is longer for the blends than it is for the copolymers. These 40
results will be compared with enthalpy relaxation data on these blends OH3 OH3
and discussed in light of current models of glassy state relaxationL

04.7 Data obtained from scanning electron microscopy,
iTEPE RATIUG POLYMER NEWOX AMD RELATED TOPOLOGICAL differential scanning calorimetry, thermogravimetric
ISOMERS . Harry L. Frisch, Department of Chemistry, State
University of new York, Albany. Y. analysis, dynamic mechanical analysis and tensile type

measurements will be presented. Results indicate that
Interpenetrating polymer networks (IPN'S) and pseudo IPW'S a homogeneous distribution of the rigid rod
have become increasingly important as novel, molecular, throughout the thermoplastic matrix has been
composite materials exhibiting chemically controlled
degrees of phase separation. The scale of microphave obtained. The effect of using a novel method for
separation can in some IPI'S be reduced so that single attaining orientation of the rigid rod component will
phase materials (exhibiting a single glass transition also be discussed.
temperature) can be prepared from polymers Whose linear
chains are incompatible at almost all compositions. We 05.1
discuss the synthesis, morphology and some thermal and
mechanical properties of these macroamolecular topological MOLECULAR VARIABILiTY IN IONOMEr. A. Elsnberg. Department
isomers including polymeric catenanes. We will present in ofChemlsty, McGil University, Montreal. Quebec, H3A2K6 Canada.
particular recent results on the series of IPV'S of
poly(2,6-imethyl-l,4-phenylene oxide) with the compatible lonomers present the polymer chemist with an enormous range of

polystyrene, and the incompatible poly(methyl opportunities for varying the molecular structure and properties of

mthacrylate). poly(butadaene)* polyurethane acrylate. and polymers. Even If one restricts oneself to a single polymer, e.g. styrene.

poly(diuethylsiloxane). In the last system we can compare and a single pendant Ion. e.g. carboxylate. the range of structures Is

the behavior of the IPV'S, the pseudo IPV's, polymeric very large. For example, the tons can be attached to the backbone at

catenane, graft and block copolymers as well as a highly random as in styrene-sodium methacylate copolymers or they can be
cateally attached randomly to the p posltion of the phenyl ring, or can be even

further from the backbone by the use of methylene spacers of various
04.8 lengths. The structural variations affect the mechanical properties
MOLECULAR MODELING OF INTERPENETRATING POLYMER dramatically by affecting the morphology of the materials.
NETWORKS (IPNs). wL.HaZu d and D.C.Prevorsek,
Allied-Signal, Inc., P.O.Box 1021R, Morristown, If one places the ions exclusively at one or both chain ends. the
N. J. 07962 resulting block copolymers exhibit even more drastic morphological and

bulk property changes. Furthermore, AB blocks yield micelles or
One way of generating nanometer structures is inverted micelles, depending on the method of preparation, and can
to start with a solution of a cross-linkable also be prepared as interfm layers on water or between water and
monomer and a high molecular weight polymer and orgaic solvents, again exhibiting a rmge of unusual properties. If one
carry out the cross-linking in a manner to allows the replacement of the carboxylate ion by, for example, a
produce minimal structural changes during the vinylpyridinlum ion, further variation in properties becomes possible.
cross-linking process. This process produces Plasticizers are an additional parameter.
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The ionomers, thus, present us with a most useful family of materials with blends of comparable molecular weight
which allows for a dramatic variability in properties by allowing us to unfunctionalized polymers and block copolymer with
vary Intermolecular interactions and therewith morphology of the similar compositions and molecular weights.
systems.
0 05.405.2 MORPHOLOGY OF IONIC BLOCK COPOLYMERS BY
BLOCK COPOLYMER IONOMERS: SULFONATED STYRENE. SAXS. Jean-Pierre Gouin, Alain Desjardins and Adi
(ETHYLENE-CO-BUTYLENE)-STYRENE POLYMERS. A- Weiit
and A. Son, Univ. Connecticut, Storrs, CT; and L A. Pottick and Eisenberg, McGill University, Montreal, Canada, and
C. L Willis, Shell Development Co., Houston, TX. Claudine E. Williams, LURE, Universit Paris-Sud, Orsay,

France.
The polystyrene endblocks of a hydrogenated styrene-butadiene
SBS block copolymer were lightly sulfonated in homogeneous SAXS experiments were done on well characterized AB
solution. Sulfonate concentrations ranged from 2.5-18 mol/, and ABA block copolymers where the B blocks were
and the free acid derivatives and the Na- and Zn-salts were
prepared and characterized. The ionomeric nature of the poly(styrene) (200 to 1000 monomer units) and the A
modified block copolymers was demonstrated by their blocks were short (10 to 50 monomer ,iits mainly)
solubility behavior, solution properties, viscoelastic and were composed of either poly(vinyl-4-
properties and their microstructure as determined by small methylpyridinium iodide) or poly(cesium
angle x-ray scattering (SAXS). methacrylate). The materials were studied in the solid

state. Various methods of preparing the samples were
Sulfonation increased the Tg of the styrene phase and also gave studied (casting, in-situ quaternization, freeze-drying).

rise to a new rubbery plateau in the dynamic modulus above the

styrene Tg. This plateau, which was a consequence of a physical The SAXS patterns all show a strong main peak and
network that formed from ionic interactions in the styrene evidence of weaker peaks at higher angles. The main
blocks, persisted to nearly 300oC in the more highly peak was attributed to a characteristic distance
substituted polymers. Thus, these materials consisted of three between the phase separated regions. The length of the
phases and two separate physical networks: one formed by
20-30 nm diameter spherical polystyrene microdomains short ionic blocks was shown to have a much greater
dispersed in the rubbery matrix and the other formed by a 3-4 effect on this characteristic distance than the length of
nm diameter ion-rich clusters within the styrene microphase. the poly(styrene) blocks. An estimate of the
The introduction of the ionic network into the conventional morphological dimensions was obtained via space
block copolymer network resulted in significantly improved filling calculations based on the characteristic distance.
tensile properties for the block copolymer at elevated The relative extent of the order between the phase
temperatures. separated regions was compared for the different
05.3 architectures and methods of preparation by
"GRAFT COPOLYMERS" FORMED BY SPECIFIC considering the peak widths.
INTERACTIONS IN POLYSTYRENE AND POLYISOPRENE
BASED IONOMERIC BLENDS. Sun Sasongko. M. Sabade and 05.5
R. A. Weiss, University of Connecticut, Storrs, CT 06269- SMALL ANGLE X-RAY SCATIERJNG ON POLY(ETHYLENE-
3136; and R. Jerome, University of Liege, Liege, Belgium. METHACRYLIC ACID) LEAD AND LEAD SULFIDE

IONOMERS. Dan .Wu and Benjamin Chu (1), Chemistry
This research considers the molecular architecture, Department, SUNY at Stony Brook, NY 11794-3400 and Walter
morphology and properties of blends of a Mahler, Central Research & Development Dept., Du Pont,
monofunctionalized polyisoprene and lightly sulfonated Wilmington, DE 19898-0328
polystyrene(SPS). SPS was formed by sulfonation with
acetyl sulfate of a narrow molecular weight distribution
polystyrene (Mn=39,000; Mw/Mn=1.08). lonomers The morphology of ionomers: poly(ethylene-methacrylic acid)
containing 1.44, 3.58 mol% sulfonic acid or zinc sulfonate (EMA) lead salts (EMA/Pb) and lead sulfide compounds
were blended with either stoichiometric or twice the (EMA/PbS) has been studied by using the techniques of small
stoichiometric amount (based on the acid functionality) of angle x-ray scattering (SAXS), anomalous SAXS (ASAXS), and

an w-dimethylamino terminated polyisoprene (Mn=3,800; differential scanning calorimetry (DSC). EMA/Pb at s2 wt%
exhibited two characteristic SAXS peaks which corresponded toMw/Mn=l.23). For the blends using the sulfuric acid the lamellar structure of the crystalline copolymer and the ionic

derivatives, the two polymers interact by proton transfer; structure of the Pb aggregates. With increasing Pb content, the
for the zinc sulfonate derivatives the interaction involves lamellar peak retained its position but became less sharp and
the formation of a transition metal complex. This eventually vanished while the ionic peak grew and shifted to a
interactions were studied by infrared spectroscopy, lower value of q, with q being the scattering vector. DSC showed

that the crystalline phase was present for all EMA/Pb samples
The predominant molecular architecture is believed to be and that the crystallinity decreased with increasing Pb content.
of a comb-like graft copolymer of the isoprene onto the PbS was made by a reaction of Pb ionomers with hydrogen
polystyrene. The graft site, however, involves a physical, sulfide. SAXS on EMA/BbS showed no ionic peak, but a peak
rather than a covalent bond that distinguishes these located at the same q as the lamellar peak of Pb ionomers.
materials from more conventional graft or block ASAXS performed at the Pb L3 absorption edge permitted the
copolymers or non-interacting physical blends. The structural determination of pure Pb without interference of the
consequences of the two different types of interactions, lamellar peak. A schematic description of the ionomer structure
ionic and transition metal, on the bulk, solution, and will be presented.
rheological properties will be discussed and compared
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interpenetrating networks having diamond-cubic symmetry and
POLYMER COMPOSITES WITH ELECTRONIC AND_ IONIC constant mean curvature surfaces. The maonty component
CONDUCTIVITIES. P. Aldebert, N. Girault, M. Pineri, Groupe resides in the contiruous matnx btween th P two diamond
Physico-Chimie MolIculaire, DRF/SPh, Centre d'Etuocs channels. A lampllar diblock copcymer bI.idec with
Nucliaires, 85X. 38041 Grenoble Cedex, France ; and P. Audebert,
LaDoratoire d'Electrochimie Moliculaire, Universiti Paris VII, homopolystyrene gives the OBDD with the homopolymer in the
75230 Paris Cedex 05, France. matrix. A small amount of homopolystyrene added to a cylindrical

diblock copolymer, where polystyrene is the minority block, forms
Electronic and ionic conductive polymer composites are syn- the OBDD with the homopolymer in the diamond channels.
thesized by an electropolymerization using pyrrole, bithiophene
or aniline trifluromethanesulfonate with a stiff, hydrophobic The overall polystyrene volume fraction of the OBDO binary
perfluorinated ionomer gel. An inert aqueous electrolyte is blends is approximately within the polystyrene volume fraction
also used to insure the ionic conduction in the cell. The compo- range established for pure diblock copolymers having the OBDD
sites obtained have a high conductivity along with good mechani- structure. However, obtaining the proper polystyrene volume
cal properties (especially when they are annealed under pressure), fraction is not sufficient to produce the OBDD in a blend. A large
Another method was developped consisting in the electropolyme- amount of homopolystyrene added to a cylindrical diblock
rization of the polyheterocycles into a swollen Nafion membrane copolymer, where polystyrene is the minority block, macrophase
inserted between the electrode and the electroactive gel prior
to polymerization. This last method gave composite membranes separates rather than forming a polystyrene rich OBDD structure.
which ally again a high electronic conductivity and mechanical Homopolymer solubility depends on the relative molecular
properties similar to the initial unmodified membranes. weights of the homopolystyrene and the polystyrene block of the

copolymer as well as the composition.
The composition and characteristics of the final polymers were 05.9
investigated in relation with the composition of the initial gel,
the polymerization currents and the applied potential. STUDIES ON THE MICROSTRUCTURE OF CORE-SHELL COPOLYMERS BY

ELECTRON MICROSCOPY. R. Vel~zquez. A. Cruz* and V. M Cas-
The structures obtained for these materials correspond to that taho, Institute de Fsica, U.N.A.M., A. P. 20-364_,N-ico.
of the ionomer either in inverted micelle starting form or in D. F. 01000. Facultad de Qufmica, U.N.A.M., Cd. Universi
the direct micellar form of the gels. The oxidized groups of taria, M6xico, D. F.
the electron conductive polymer associate with the anionic
sites of the ionomer. Ion exchange capacities have been measured. Several structured copolymers (core-shell) have been stu-

died by Transmission Electron Microscopy (TEM). The sys-
05.7 tems analyzed included styrene-butylacrilate with diffe-
EXCIMER AND EXCITON FUSION OF BLENDS AND rent compositions and preparation procedures. The micros-
MOLECULARLY DOPED POLYMERS--A NEW MORPHO- tructure found by TEM has been correlated to the chemical
LOGICAL TOOL. Zhong-You Shi, Ching-Shan Li, Irene E. and physical properties of the copolymers. Special care
Newhouse and Raoul Kopelman, Department of Chemistry, The has been dedicated to the intafacial characteristics of
University of Michigan, Ann Arbor, MI 48109-1055. the materials.

Exciton-exciton and exciton-excimer triplet fusion kinetics is 05.10
monitored in medium molecular weight P1VN/PMMA solvent STUDIES ON THE EXCESS FREE ENERGY AND THE
cast films with concentrations from 0.005 to 100% (weight), at COLLECTIVE DIFFUSION CONSTANT OF THE BLEND
temperatures of 77 to 300 K, via time resolved fluorescence and d-PS/PVME AND THE ISOTOPIC BLEND d-PS/PS WITH
phosphorescence (10 ns to 10 sec). The heterogeneity exponent NEUTRON SMALL ANGLE SCATTERING.
fh' is 0.5 for isolated P1VN chains, zero (classical) for pure D. Schwahn, K. Hahn', J. Streib', and T. Springer
PIVN and "fractal-like" throughout certain concentration !FF - KFA Julich GmbH, 5170 Jiilich, FRG
-egimes. However, h is not monotonic with blend concentration L BASF Aktiengesellschaft, 6700 Ludwigshafen, FRG
but rather oscillates between zero and 0.5. Correlation is made
with morphology changes (phase separation, filamentation). Demixing and precipitation growth are of general
The long-lived decays do fit stretched exponentials, with a interest in the application of polymer blends. We
parameter P = 1 - h. Furthermore, the blend topology is also nave carried out small angle neutron scattering
studied with the aid of the time-modulation technique, in which (SANS) studies on the system PVME/d-PS having a
the time-decays are obtained for different excitation durations, lower critical solution temperature, and on the
i.e., single pulse vs. cw or multiple-pulse laser excitation, but isotopic blend of polystyrene. Critical
with equal global exciton densities at the start (t = 0) of the scattering and the domain growth rate have been
decays. As expected, the tri let exciton kinetics is dominated by studied for different temperatures and
short-range hops (about 5 A) and thus monitors the primary compositions of the components. Isotopic blends
topology of the chains. At concentrations below 0.01%, the are ideal systems for testing theoretical models.
excitons are constrained to a truly one-dimensional topology. At In d-PS/PS (M - 106 dalton) the Flory-Huggins
higher concentrations there is a fractal-like topology. Similar interaction parameter K (#,T) as determined by
studies were conducted on naphthalene-doped PMMA (1-20% SANS, yields binodal, the miscibility gap, and
weight) and interpreted with the aid of computer simulations. the corresponding spinodal line, with an upper
The lower concentration samples are neither segregated nor critical temperature of 130 CC. From temperature
random solution phases. relaxation experiments above Tc, and from

spinodal decompoition, the collective diffusion
.8 constant was determined. After 3 weeks of

THE ORDERED BICONTINUOUS DOUBLE DIAMOND annealing at 125 OC, decomposition was observed
STRUCTURE IN BLENDS OF DIBLOCK COPOLYMER AND which can be interpreted in terms of the

OMOPOLYMER. ,m. University of Massachusetts, Cahn-illiard-Cook theory for the early stages of
Amherst, MA; and Edwin L. Thomas, Massachusetts Institute of decomposition.
Tecnnology, Cambridge, MA. 05.11

PROPERTIES AND STRUCTURE OF POLY(VINYL ALCOHOL)
We report the observation of the ordered bicontinuous double ( PYA )/IELAMINE FORMALDEHYDE( P ) MOLECULAR
diamond (OBDD) structure in blends of poly(styrene-isoprene) COMPOSITES. Keche Gon; and linghua Zhang,
diblock copolymers with homopolystyrene. Both components of Polymer Structure and iodifcation Research Lab,
the OBDD structure are continuous and periodic in three South China University of Technology, Guangzhou,
dimensions The minority component of the OBDD resides in two P.R. China.
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T!,e meta-.11h p:%:.;ttie~ 6.n, structure .- resorcino.-formaldebyat' (RE. 'ciusters" contain surface tunctionAl groups
~'.M, molecular composittes have beer stuu , ed which lead to furthor crosslit trip, anc. eventual gel formnationr.
2r. this paper. When PVA content %as lower t:,az.
P- eerta.:. vaL..,e ( uuoat 24) we igi~ t, thL flexi t,-( Rl'tI, dl re hypercriticallv' dr-d t torm orgaluc acrogei, The- RI- aerojgels are
s-trength mind impact resistance were iuprovea dlari rcd in color and trainspareni Pyrolysis of the RI- aerogels it) an iner:
S .mulrtaneous.y . Although the impact resistance atmoiphecre leddS to a vitre-ous carbon structure.
:umauined the previius trenC wher. the PVA content
wi.r t beyond the limit, the flexible strength The catalyst concentration in the polymerizatior has been found t control the
t--nded to decrease. particle size, cell size, density , surface area, and modulus of the organic

aerogels. In this paper, the chemical manipulation of the aeroge:
11.e structure, morphology, he at -re sistance and microstructure will be discussed. Characterization methods include SEM. TOM
some other properties of the two-phase system BET nitrogen adsorption, and small angle scattering.
were investigated by means of differential
sc~anning calorimetry, thermogravimetry, infrared 06.3
atoscrpt.o)n spectrum and trarismissiot: and swee; SYNTHETIC PROCEDURES FOR PREPARING CROSS-LINZABLE ACRYLIC,
t'LetLr or. m Icro s0o0Py . The results indicated that COMB-LIKE COPOLYMERS VIA MACROMONOt4ERS. C-F. Chen and Frank.

*IrF e o.euarrmost tutr in this N. Jones. Polymers & Coatings Dept., North Dakota State
Ta''-componert system and the cltemical reactioni University, Fargo, ND 58102
including crcsslinking between the components
occurred. That gave the explanation of the Synthesis of comb-like polymers and copolymers by
pfleCts of 'OVA OL the mechanical properlUes and polymerization of macromonomers is a subject of widespread

s:''d thkat the m cla copsts re scientific and technological interest. The macromonomera
favourab~e for mak.ig full use of tne macro- are commonly prepared by anionic, cationic or group transfer
molecular' potentiality, polymerization. We will report synthesis of copolymeric

06 macromonomers by and comb-like copolymers by free-radical
06.. initiated polymerization using a functional chain transfer

M'ORPHO IG:Chl_ CONSEQ~UENCES OT CATALY'TIC tHYDR3CENATION OF agent, a route which can be illustrated as follows:
POLYMERS :N THE BULK * Laure. R CP -orr Sand-c Nat-'ona.
.aboratories. Division 1811, Albuquerque NM 87185 I- + M + HOXSH -4 IOMHNNI'Ofll + HOXSOOMOOO4MNMH

Imol 1O0mol 9mol imol 9mo.
krrier- sutable catalysts are molecularly dispersed it,
rrC vmers the polyrmers can be modified i. the absence of HORSHMMM1O4N1M + ICEI -- * CH2 .C(Me)COOYHCOOMMMeMMMMMMMI
added solvent. This paper describes the bulk catalytic 2 macromionomer
hvdrogenation of olefinic, polymers with an emphasis on
micro- and macro-scale morphology. Examples of the in- CH_.-C(Me)COOYNHCOOMMOOI'OMNH + 1- -4 comv-iike copc..vme-
r. ace corversior. of an amorphous polvbutadiene to
crystal line polyethylene. a crystalline polybutadiene to [I - initiator, M mixed monomers. Y and Y. can be CE.,CIL
amorphous polybutene, and crystalline pniybutadiene to
'rysta._Iiit polyetnyliene will be prov-ded.. Modificatior, ot Thib synthetic route works wet. only il 'iormatot. o; nor-
tri,- centcrhlock of a polystyrene-polvbutadiene triblock functional ane difunctiona: materials dur-np the !'. rs step
r.ITICIVMF: ncrours w~tth retentior of the origina2 morpholog, is minimized. Difunctiona2 materials c~ar reau..t trom
anc' domair size- A single component of a polymer blend cat, termination by combination or from other react~orif- anc. art
ne, seective~y reacted in the bulk. For example, especially troublesome because they cause brancning or
h-drogenat-on of a blend containing polyburadiene and gelation in the third step. It will be shown that by
nnvsoprene resulted in preferential raction of the careful choice of monomers and reaction conditions in each
dcsubst-tuted relative te the trisubstituted double bonds step~ a wide variety of comb- ike copolymer! can be
,ross structural features attributable to initial synthesized. Of particular interest are comb-like
:.cr-atior wil'l be descrbed. Additiona.ll',, the copolymers bearing mixtures of tines, some designed to
psckrl~'~of obtaining a heterophast mate'a. b) part"Le: impart cross-linkability and others designed to impart other

171e1ificat:20. of a homophasf polymer will be considered desired properties to the materials.

* Th's worlk was performed at Sandia National Laboratories 06.4
supported by the V. S. Department of Energy under contract SYNTHESIS AND CHARACTERIZATION OF SEGMENTED
number DE-ACO4-76DPOO789. COPOLYMERS OF A METHYLATED POLYAMIDE AND A

THERMOTROPIC LIQUID CRYSTALLINE POLYESTER
~~lCCONTROL OF MOLECULAR STRUCTURE IN ORGANIC Gregory T. Pawlikowski, R A. Weiss ano S. J Huang.

a.!ROCELS Ric-hard 'A Pekala, Chemistry & Matcrialh Science Departmen. University of Connecticut, Storrs, CT.
L. we~nr LveroreNatona LaoraoryLivrmoe. A ~A block copolymer consisting ot liquid crystalline

The sol-get processing w' metal alkoxides leg tetramethox% silani. polyester Segments and methylated polyamioc
tetraisopopoxk titanatep it, a convenient method for tailoning the properties of segments has been synthesized. Solution poly-
irorganic materials at a molecular level Sot-gel research has principals odnain o cd choie edcpe oy
torused or, the manipulation of silicate precursors to form polymeric or colloidal cnesto fai hoie edcpe oy
structures in solution. The hypercritical drying of crosslinked silica gels leads (terephthaloyl phenylhydroquinone) (LCP portion) with
1: tnt. lormatior. or a special class of open-celled foams referred to as aerogels an amine terminated poly(N,N'-dimethylethylene
#Aerogels have an ultrafine cell/pore size (< 1000A) and a mkorphologs% sebacamide) was utilized to prepare the segmented
rumposed of interconnected particles with diameters lees than 100 A. This, copolymer.

properties of these materials. Characterization by differential scanning calorimetry,
7#u, researci, has locussed on grgam= syntheses which proceed through a Io-e intrareC spectroscopy, thermogravimetric analysts,
transition and can be controlled to produce aerogels with varyinig properir dynamic mechanical analysts, optical microscopy and
Organic aerogels have been synthesized from the base catalyzed, aqueous scanning electron microscopy has been performed to
reacition of resorcinol with formaldehyde. In this reaction, resorcinoi (.Verify the existence of the block copolymer and to
difvdrox%, benzene) is a trifunctional monomer capable of addingf evaluate its potential as a molecular composite
formaldehyde in the 2,4 and/or 6 ring positions. These internediate products.
condense into, polymneric "clusters with diameters ranging from 30-175 A. The materia! or self -reinforcing thermoplastic.
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06.5 = 1.8 was chosen. Polypyrrole was formed into this tailored sructure by a
MORPHOLOGY OF SOLVENT CAST DIBLOCK COPOLYMERS template polymerization process.
AND COPOLYMER-HOMOPOLYMER BLENDS CONTAINING
"DURHAM" POLYACETYLENE. %ankaran. V.; Schrock, R.R.; Opaque polymer composite films with electrical conductivity up to 60
Cohen, RE., Department of Chemical Engineering and Chemistry, (0cm)-1 have been obtained by this method. However, slightly coloured
Massachusetts Institute of Technology, Cambridge, MA. transparent composite thin films with a conductivity as high as 50 (('cm)"1

Diblock copolymers of poly norbornene and 7.8- were also produced.

bis(trifluromethyl)tricyclo[4.2.2.02
5 ]deca-3,7,9-triene were synthesized The electrically conducting polymer composite films and the tailored

via ring opening metathesis polymerization using the catalyst complexed polymer have been characterized by XPS and IR spectroscopy,
W(NAr)(CHIBu)(OtBu) 2 [where Ar = 2,6-C6 H 3iPr21. The second elemental analysis, EDX and scanning electron microscopy. The
block is readily converted to "Durham polyacetylene" by heating to
120 0C for 3.5 minutes. Solution cast films of these diblocks were polymerization process was also followed by the use of a quartz crystal
studied using Transmission electron microscopy and Small angle X-ray microbalance.
scattering. Diblock copolymers with up to ten weight percent
polyacetylene exhibit a morphology of polyacetylene spheres of -25 0 A 06.9
diameter in a polynorbomene matrix. Also investigated was the effect on
morphology of blending the diblocks with various amounts of MIXED ALKALI-ALKALINE EARTH METAL PERCHLORATE
polynorbornene. POLYETHER COMPLEXED COMPOSITE POLYMER

06.6 ELECTROLYTES : INVESTIGATION OF STRUCTURAL AND

AGGREGATION STRUCTURE AND ELECTRO-OPTICAL PROPERTIES TRANSPORT PROPERTIES. A N DURGA RANI Department
OF (LIQUID CRYSTALLINE POLYMER)/(LOW MOLECULAR WEIGHT of Pbysics,lndian Institute of Technology, Madras-600036,
LIQUID CRYSTAL) COMPOSITE SYSTEM. Tisato Kajiyama. India and P. SATHYA SAINATH PRASAD, Corrosion
Dept. of Appl. Chem., Kyushu Univ., Hakozaki, Research Center, Department of Chemical Engineering &
Higashi-ku, Fukuoka, Japan Material Science, University of Minnesota, Minneapolis,

Reversible and biastable electro-optical effect MN-5545S, U.S.A.
based on light scattering was recognized for a binary Solid polymer electrolytes of the type (t-x)LiCIO
composite composed of side chain type liquid 4-sM(C10 4)2 (where M is
crystalline polymer(LCP) and low molecular weight an alkaline earth metal) in the composition range 0.05 < x < 0.5 have been
liquid cryatal(LMWLC) of which chemical structure is prepared by dissolving the alkali-alkaline earth perchlorate mixtures in
similar to the mesogenic side chain of LCP. A light acetonirile and adding polyathylene oxide (PEO) to the solution in the 0/Ui
acattering state caused by the disorder of homeocropic ratio of 12:1 and 8:1. In these systems the complexation was accompanied
alignment appeared below a threshold frequency. by a considerable degree of Ionic association and at low mixing levels, the
Furthermore, application of a 100 V n.c. field of 1
kHz made the transmission light intensity increased to complexes showed enhanced ionic conductivity when compared to pure
94 % within a few seconds. The optical heterogeneity LiCIO 4 (PEO) 8 at room temperature. It is assumed that the heavier alkaline
in a amectic layer of the side chain group was caused earth metal atoms act as dopants in creating defect structured composite
by the difference of two forces based on both polymers, where fast lithium ion conduction could be possible. At high mixing
dielectric anisotoropy of the side chain and the levels, the complexes exhibit low ionic conductivity values and it is assumed
electrohydrodynamic motion of the main chain. Since 1hal coionic conduction.
application of a low frequency electric field induces
an ionic current throughout the mixture film, it is
reasonable to consider that an incduced turbulent flow ac conductivity studies on these polymer electrolytes showed a dependance
by an ionic current collapsed a fairly well organized on both dopant concentration and temperature. Room temperature
large amectic layer into many small fragments. conductivities for some selective compositions were around 10.C. 10.
resulting in an increase in light scattering. The S/cm and the observed non-Arrhenius behaviour was analysed using the
response speed of LCP to an applying electric field
increased remarkable by mixing LMWLC. A smectic phase Vogel-Tammann-Fulcher equation and interpreted on the basis of the defect
was observed in a fraction range above 55 wt% of LCP. structure mechanisms in composite polymers.
In the case of a smectic mesophase, turbid and
transparent states remained unchanged as it was, even Preliminary results on the structural aspects indicate the existence of
though after removing an electric field, octahedral and tetrahedral structures of alkaline earth metal calions with

Such a bistable and reversible light switching traces of water that is absorbed by the hygroscopic parchlorates in the
driven by two different frequencies could be newly
realized by both characteristics of turbulent effect process of sample preparation.
of LCP main chain and rapid response of LMWLC. We 07.1
believe that the LCPILWLC mixture system is useful as
a novel type of "light valve" exhibiting memory effect Diblock Copolymers at Interfaces* Peter F. Green. Sandia
(biatable light switching). National Laboratories, Albuquerque N.M. 87185-5800

06.7 ABSTRACT WITHDRAWN In multicomponent systems, such as diblock copolymers and polymer

06.8 blends, the average composition in the vicinity of an interface differs
from the bulk composition. In the special case of a free surface the

ELECTRICALLY CONDUCTIVE COMPOSITE PREPARED lower surface energy component is preferentially located at the

BY TEMPLATE POLYMERIZATION OF PYRROLE INTO A surface. Using different techniques we have investigated the
interfacial properties af a series of symmetic diblock copolymers of

COMPLEXED POLYMER. AMoammadi. D.W. Paul, 0. Inganlis, J. polystyrene (PS) and polymethylmethacrylate (PMMA). Some of

0. Nilsson and I. Lundstilim, Laboratory of Applied Physics, Department of these copolymers were weakly segregated while others were highly
segregated. Under equilibrium conditions secondary ion mass

Physics and Measurement Technology, Linkoping Institute of technology, spectroscopy (SIMS) showed that the copolymer bulk microstructure

S-581 83 Linkoping, Swenden was organised such that the PS and PMMA lamellae were parallel to
the free surface; the polystyrene component was preferentially located
at the free surface and the polymethylmethacrylate phase was

Electrically conducting polymer composite films have been synthesized by preferentially located at the substrate (silicon) copolymer interface.
X-ray photoelectron spectroscopy (XPS) measurements indicate that

the exposmw of poly(4-vinylpyridine) complexed with cupric ions to pyrrole for the highly segregated copolymers the surface was composed only

and water vqmr. In order to immobilize optimum amount of the oxidant of PS and for the copolymers in the weak segregation limit the surface
was composed of both PS and PMMA. The use of solvents was

inside the polymermatrix, the ratio of poly(4-vinylpyridine)/cupric ion shown to dramatically alter the surface composition and the
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organization of the bulk microstructure. We also investigated the 07.4
interfacial activity of PS/PMMA copolymers in immiscible blends of Interdiffusion and interfacial motion in polymer bilayers, T.P.
PS and PMMA and at polymer metal interfaces using an ion beam
analysis technique, elastic recoil detection (ERD). The interfacial Russell,IBM-Almaden Research Center, A. Karim. A. Mansour.

activity was seen to be influenced considerably by the degree of G.P Felcher , Argonne National Lab.
compatibility of the copolymer and its composition. These findings
will be discussed in light of mean field theory.
*This work, performed at Sandia National Laboratories, was Neutron reflection has been used to study the interdiffusion
supported by the U.S. Department of Energy under contract number
DE-AC04-76DP00789 in bilayers of protonated and deuterated polystyrene of high

07.2 molecular weight. Samples with molecular weight ratios
Short time relaxation at polymeric interfaces, A. Karim, ranging from 1:1 to 1:50 were annealed at different

A. Mansour. G.P. Felcher, Argonne National Laboratory, T. P. temperatures above the glass transition. The interdiffusion of

Russell, Almaden Research Center. species with different molecular weight causes a broadening

of the interface which is consistent with an asymmetric

Neutron reflection has been used to study the distribution of density for a molecular weight ratio larger

interdiffusion in polymer melts of high molecular weight than 1:2. At the same time, the "interface" (which as seen by

polystyrene (PS) and deuterated polystyrene (d-PS). Bilaye'red neutron reflection is defined as the position of maximum

samples of PS and d-PS were annealed at temperatures concentration gradient) moves during annealing, with a

between the glass transition temperature, 100C, and 140C. For motion more pronounced the larger the difference in

all annealing temperatures the interface showed a rapid molecular weights. In a systematic series of measurements

initial broadening over distances up to 80A, followed by a after different annealing times t. the interface motion was

much slower diffusion process at longer times. The faster found to follow the predicted1 macroscopic t0_5  behaviour

process could only be followed in detail at temperatures very even for distances less than radius of gyration of the lighter

close to Tg, where the time scale is of the order of few minutes. species.

This process seems to be related to the relaxation of the Rouse 1. P.F. Green, C.J. Palmstrom, J.W. Mayer, and E.J. Kramer.

segments of the polymer chains at the interface, with a Macromolecules 13, 880 (1980).

characteristic time B 1 associated with the relaxation of the 07.5

polymer chain within the tube, but without a large scale X-RAY REFLECTIVITY AND FLOURESCENCE MEASUREMENTS

spatial displacement of the entire polymer chain. FROM poLYSTYRENE-CO-BROMOSTYRENE/POLYSTYRENE

Furthermore, the temperature dependence of TB is described M.H. ao
J. Sokolov, M.H. Rafailovich, X. Zhao, Queens

by the emperical WLF scaling law. College, W.B. Yun, Argonne National Laboratory,

1. C.W. Lantman, J.F. Tassin, P. Sergot. L. Monnerie, R.A.L. Jones, E.J. Kramer, Cornell University,
R.J. Composto, Univ.of Mass. at Amherst and

Macromolecules, 22. 483 (1989) B. Arun, Brooklyn College.

07.3 We have measured the x-ray reflectivity and

NEUTRON REFLECTION STUDY OF SURFACE ENRICHMENT IN AN flourescence from blends of hydrogenated
ISOTOPIC POLYMER BLEND. R.A.L. Jones, L. Norton, polystyrene (PS) and polystyrene-co-bromostyrene
E.J. Kramer, Cornell Univ., R.J. Composto, R.S. Stein, (PBrS) of molecular weights raning from 9.2K to
Univ. of Massachusetts, T.P. Russell, IBM San Jose, 1.9M. The PBr.S was prepared according to the
G.P.Felcher, A. Mansour and A. Karim, Argonne National procedure of Kambour and Bendler'. The degree of
Laboratory. bromination, x, was varied to control the

miscibility of the blends. Highly immiscibleWe have measured neutron reflectivities from films of blends(x > 0.8) were used to measure properties

blends of deuterated polystyrene (d-PS) and protonated
polystyrene (PS) before and after annealing, and used at sharp interfaces, while partially miscible

the results to determine the concentration versus depth blends (x S 0.2) were used to study segregation

profile of the films. After annealing, the surface to surfaces in thin films. The lower surface

appears to be enriched in d-PS, with a surface excess energy component, PS, was enriched at the air-

proportional to the bulk concentration of d-PS, in polymer interface. The PBrS component segregated

agreement with previo-is measurements using forward to pe Si surface forming a layer approximately

recoil spectrometryl. The decay of the enhanced 200A wide. Detailed analysis of the results in

concentration into the bulk is over a length equal to terms of current mean field theories will be

approximately the bulk correlation length ("200 A), in presented.
close agreement with that predicted by current mean-
field theories

2 . However the detailed decrease of the 1. R.P. Kambour and J.T. Bender Macromolecules

d-PS enrichment close to the surface does not follow the 11 (1986) 2679.
theory: while an almost exponential decay is predicted, 07.6
the neutron reflection experiments show that the initial
decay is a weaker function of depth over the first 50 A. SURFACE MODIFICATION AND SURFACE SEGREGATION

PROPERTIES OF BLOCK COPOLYMERS E_ arnggf, M. Tirrell,

I. Jones, Kramer, Rafailovich, Sokolov, Schwartz, VRL 62, University of Minnesota, Minneapolis, MN, H. Watanabe, Osaka

280 (1989) University, Osaka, Japan
2. I. Schmidt and K. Binder, J. Physique 46,1631 (1985)

Block copolymers can be used as interfacial agents to compatibilize and

modify heterogeneous material blends. As such, they can be used in such

disparate areas as stabilizing colloidal dispersions and strengthening
composite materials. We have been studying the properties of thin layers of

|,Ib 533



block copolymers which have been deposited by adsorption or spin-casting The nature of polymer molecules at the polymer-substrat
techniques. The purpose of this work has been to study the effect of the interface plays an important role in determining the
block copolymers on the incerfacial properties of the system, and also how properties of composites. Small-angle neutron scatteringholds the potential for comparing the conformation of
the interface affects the molecular configuration and morphology of the macromolecules in the interface to their conformation in the
block copolymers near the interface. Block copolymers of styrene, bulk.-' This paper describes experiments performed for
isoprene and vinyl pyridine of various molecular weights have been that purpose.
synthesized by living anionic polymerization. The experimental techniques The substrate was nearly-monodisperse 2000 A silica par.
used to study these thin films include angle-resolved XPS, variable angle tihes, both bare and wlth grafted poly(buty1 methacrylate).
ellipsometry, radiotracer analysis and other techniques. The experimental The particles were dispersed in isopropyl alcohol (IPA).
results can in pan be explained by a self-consistent field analysis of these
model systems. Scattering experiments were done at Brookhaven National

Laboratory. We used mixtures of hydrogenous and deuterated
07. 7 IPA for contrast variation measurements. Particle concen-
INTERFACIAL SEGREGATION EFFECTS IN MIXTURES OF trations were l1, 5% and 10% by volume. The scattered

intensities (after correcting for background scattering)IIOMOPOLYMERS WITII COPOLYMERS. Viay S. Wakharkar, were directly proportional to the particle concentration.

Thomas P. Russell and Vaughn R. Deline, IBM Research Division, We took this to mean that there is no contribution to the
Almaden Research Center, San Jose, CA 95120. scattered intensity from interparticle interference over our

range of experimental scattering angles. This is to beexpected for particles as large as 2000 A.

Secondary Ion Mass Spectroscopy (SIMS) has been used to study the

surface and interfacial segregation of diblock copolymers in mixtures All the dispersions gave excellent signal-to-noise
ratio. The difference between scattered intensities for

of the copolymer in the homopolymer. Symmetric, diblock copolymers bare particles and particles with grafted polymer could be
of polystvrene (PS)and poly(methyl methacrylate) (PMMA), with ei- interpreted in terms of the density profile of the grafted
ther the PS or the PMMA homopolymers were investigated. In order polymer segments in the interface.
to serve as a label in the SIMS measurements either block of the 07.10
copolymer or the homopolymer is perdeuterated. Films cast from
toluene solution onto silicon wafers were annealed above the glass MECHANICALLY INDUCED SILICA-SILOXANE MIXTURES.

transition temperature of either component. SIMS depth profiles were OF THE NETWORK STRUCTURE.

then obtained with an effective depth resolution of ca. 125A*. It was J. P. Cohen-Addad, Laboratoire de Spectrometrie Physique, B.P. 87,
found that in mixtures of the copolymer with the PS homopolvmer 38402, St. Martin d'heres, France.
surface enrichment of the copolymer as well as segregation of the
copolymer to the polymerSi interface occurs. Prior to attaining The mechanical mixing of silica particles with siloxane chains in a
equilibirium, the surface enrichment is accompanied by a prominient melt induces an adsorption process of chains upon the silica surface.
depletion of the copolymer beneath the surface. The surface excess This effect obeys a specific kinetics. The amount of polymer Q,
increases as the bulk volume fraction of the copolymer in the mixture bound to silica through H-bonds is found to obey the law: Q, = aMn
is increased from 1% to 10%. The time dependence of the surface 8 (square root of Mn) with Mn ranging from 2000 to 360000 g/mole.
enrichment was followed over a wide range of annealing times. At An interpretation of this law is given. It is illustrated from NMR
sufficiently long annealing times the concentration of the copolymer investigations. A network structure is formed when the concentration
in the bulk of the film is quite low , the copolymer now being present of silica is high enough; mineral particles are connected to one
either at the airpolymer interface or at the polymerSi interface. The another by polymer chains. An interpretation of swelling and
kinetics of the segregation process was found to be diffusion con- stretching properties is given.

trolled. These segregation effects were found over a whole range of 07.11
molecular weights of the homopolymer. THE EFFECT OF MASKED ISOCYANATES ON THE

07.8 MECHANICAL PROPERTIES OF MY 720/DDS EPOXY RESIN.
N. Rungsimuntakul, R. E. Fornes, and R. D.

A NEW VARIABLE ANGLE FT-IR ELLIPSOMETER. Gilbert, North Carolina State University,

J L Stehle, J H Lecat, J P Piel, 0 Thomas, P Raleigh, NC 27695

rard, SOPRA, 26/68 rue Pierre Joigneaux, 92270
Bois-Colombes, FRANCE. L C Hammond, ARIES/QEI, 5A1 The mechanical properties of epoxy resins and
Damonmill Square, Concord MA 01742, USA. epoxy resin/graphite fiber composites are reduced

by moisture absorption. Blocking of the residual
Use of a Fourier-transform interferometer in- functional groups in the cured MY 720/DDS epoxy
tegrated with a variable incidence angle ellip- resin significantly (-75%) lowers the equilibrium
someter extends the spectral range and moisture absorption. Incorporation of masked
capabilities of spectroscopic ellipsometry into isocyanates that deblock to release isocyanates
the infrared. With a spectral range of 600 to in situ at the cure temperatures (150-1770 C) also
6000 ca- 1 . Thick layers, such as epitaxial doped reduce the equilibrium moisture absorption by
layers and polymers, can be analyzed. -70%. Dynamic mechanical analyses and stress

strain properties of the epoxy resins containing
A full description of this novel instrument will a number of masked isocyanates were studied to
be given. Incidence angle can be varied automati- determine their effect on mechanical properties.
cally to enhance signal/noise and the ellip- The ultimate Tg of the epoxy is reduced by
sometric data can be obtained together with vibra- incorporation of masked isocyanate but not the
tional absorption bands information to give a actual Tg the dynamic moduli up to the Tg are
characteristic 'fingerprint' of the layers. relatively unaffected. Generally, the initial

modulus, elongation at break and peak stress are
Examples of spectra of HCN polymer on nickel, DMHS equal or better than the unmodified resin.
on aluminum and IMNA on silicon will be presented
for various incidence angles and layer thick-
messes.

07.9

POLYMER MOLECULES AT INTERFACES: STUDIES BY SMALL-ANCLE
NEUTRON SCATTERING. WL.FoAn and B.E. Latshaw, Depart-
ment of Chemical Engineering, University of Pennsylvania,
Philadelphia, PA._ and D.T. Vu, The Marshall Laboratory of
the duPont Company, Philadelphia, PA.
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07. 12 +30 degrees with respect to the machine direction vee biaxially
extruded using Po t. i iller' proprietary extrusion technique.

A STUDY OF SHOT METAL FIBER REZNFORCED COMPOSITE MATERIALS ThoZvl3., mechanical, and physical ohauacterinaeion of the
eztrudates were carried out. PdeBulta reve&led that XJAC-TP poly-
l-id. can be ext.ruded into biaxially oriented f£ii.. vith relatie

Over the years, the conventional involvement of short fiber gas The et nto biaxiwere rien wth oeatp
reinforced composites in electrical applications has been as Sees. Te et -I f were brittle. Incorporation of up
electrical insulation. Contrary to this approach. with the to 20 percet by weight of an LCP however, ma" the polylide
increasing need of better electromagnetic interference (EMI) move processible and reduced the coefficient of thesmal ex-
shielding and control of electrostatic charge Distribution (ESD) pensioa (02) by greater than 20 percent. The proceslng and
for computer, defense and some high tech structural components, it
Is expected that the developaent ot conductive polymeric composite properties of the extrudate will be discussed.
materials will grow strongly and significantly. 08.3

Althrough they can be used to replace some traditional TlE PROPERTIES OF RUTER-CRUME TOUGHENEDl POLYSTYRENE Com-
materials, the deformation behavior of such short fiber reinforced POSITES O TAINED THROUGH REINFORCING REACTION MOULDING
composites have led to greater problems at the design and
application stages. Stress concentration at short fiber ends is KeCheng Gong; And Lon,-gui Zhong; Department of Polymer
often of the major concern. Fracture in such composites where the Science, South China University of Technology, Guangzhou,
damage will be initiated or accumulated is generally difficult to F.R.China.
be predicted. An experimental investigation is thertore carefully
designed and undertaken to systematically evaluate the mechanical
properties as well as electrical properties. In this study, The rubber crubb toughened PS composites were prepared by
chopped Inconel 601 (nickel based) metal fiber with various lengths
will be used to reinforce commercially available thermoset reinforcing reaction moulding.(RW) It is found that the
polyester resin. Mechanical testing such as tensile, impact, and
flexure tests along with electrical measurements will be conducted impact strength and Ireak elongation of the .RRM composite
to study the feasibility of using such composites. Fractographic
examination by means of optical microscopy and scanning electron increase more remarkably with the increasing of crumb con-
microsopy will be employed to help understand the fracture behavior
and possible failure causes. The advantages and limitations of tent, and they can be 10 times greater than those of pure
applying short metal fiber reinforced polymeric composites will
further be addressed and discussed. P5 when crumb content is 42%, Still, tensil strength and

bend strength retain 50N of that of PS material. The FM

08.1 4s better than mechanical blending in improving the mech-

DEFORMATION BEHAVIORS OF POLYMER GELS IN ELECTRIC anical properites of composite materials.
FIELD. T. Kurauchi, T. Shiga, Y. Hirose and A.
Okada, TOYOTA Central Research and Development 'he crumb granularity and its distribution have greatLaboratories. Inc.. Nagakute, Aichi, Japan.

influences on the properties. .vig.3 shows that the impact

Polymer gels, "solid-liquid coexistant materials", strength is the greatest at the crumb granularity of 40
can be called to be "biomimetic materials"
because they consist of crossl inked polymer ieshes, this is in comliance with -uch'an & Roson's result.
networks, ions and low molecules such as water.
They must, therefore, have various possibilities
as advanced functional polymers which can fulfill The analysis of dynamic mechanical performance figures
complicated and useful system functions. Polymer -eveals that there exists a complicated crosslinking net-
gels. "solid-liquid coexistant materials" may be
the fifth material after metals, ceramics, ..ork in the RRM composites and this structural character-
polymers and composites. stic is one of the necessities for high-impact tough

Acrylic acid-acrylamide copolymer gels (PAA gels) -olymer materials.
swollen in water show three types of deformation
under the influence of d.c. electric field in a 08.4
solution ; shrinking, swelling and bending. The FOURIER TRANSFORM RAMAN STI)I'S OF SI-MII.EXI-
type of deformation is determined on the fraction
of sodium acrylate in a PAA gel, the shape of the lIA:1E F.UOROCARBON CHAINS CONTAININ G AN

PAA gel and how to set the gel between the anode AROMATIC CORE. A. Schultc , V. Ilallmark, R. Iwicg, K. Song

and the cathode. When a rectangular gel is set and J. F. Rabolt, IBM Rescarch I)ivision, Almaden Research Center,

parallel to the electrodes and d.c. field is San Jose, CA 9.5120.
applied to it, the bending can be observed. The
bending speed of the PAA gel depends on the The molecular structures or a series of pcrfuoroalkane oligomers hay-
intensity of the applied electric field, the ingtwo F(CF2)n chains attachcd to a phcnyl group in thc pars pos-
concentration of a salt in the solution and

polyion in the gel. tion have been charaCteri7ed by FT and conventional Raman
spectroscopy at an' ient and low temperatures. From comparison

The PVA-PAA gel (an IPN gel composed of polyvinyl with model comr rnds bands attributable to both the substituted
alcohol ) has high mechanical strength and the phenyl ring and the perfluoroalkane chains could he assigncd.
bending speed is equal to that of the PAA gel. It
was applied to "robotic finger", which can pick
up a fragile egg in safety. "Gel fish" was also In particular, an intense low frequency vibration observed around 90

made from the PVA-PAA gel. It can swim in water cm"l has been found to undergo a 30 cm" 1 
shift to higher frequency

at the speed of about 2 cm/s by appl ing the when the temperature is lowered to -70'C. Evidence indicates that this
alternative field. band is attributable to a librational motion of the phenyl ring which

08 .2 is reduced in amplitude upon contraction of the lattice at low temper-
ature.

3ZAXIAL ECTRUNO 07 POLYXU0E LAPC-TYX a LhPC-TYZ 3IMS

In addition, Raman spectroscopy using a diamond anvil cell shows

siexial extrusion of neat LUC-TP polyLEde a" LJtC-TIP that the fluorocarbon chains containing an aromatic core exhibit dif-

Liquid Crystalline Polymer tiC.) blends were iAvestigated as ferent behavior than fluorinated alkanes with respect to the high pres-

a part of an ongoing Phase 11 IsIs program funded by the sure phase transition.
Natlonal Aeronautics and "pace AJmnistration (MAA) at the
Langley research center.

Pilsm o'neat LAZC-TPI and LA9W-TZ / LCP blends with*noainel
thicknesses of 0.0010 and 0.0020 with orientation of ! 5 and
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08.5 08.8
THE EFFECT OF LOW POWER AMMONIA AND NITROGEN THERMAL AND RHEOLOGICAL STUDY OF A
PLASMAS PN CARBON FIBRE SURFACES.*C.Jones, National
Centre for Composite Materials Research, University of Illinois, Urbana, THERMOTROPIC LIQUID CRYSTALLINE
Illinois 61801,and E.Sammann, Materials Research Laboratory, POLYMER H. Fruitwala, A. L. Cimecioglu and R. A. Weiss
University of Illinois, Urbana, Illinois 6l801(*curently at IRC, Dept. of Polymer Science Program and Dept. of Chemical
Physics, Liverpool University, Liverpool, England). Engineering, University of Connecticut, Storrs, CT 06269

The effect of low power nitrogen and ammonia plasmas (<IW) on carbon
fibre surfaces has been studied using XPS and SEM. A comparison is A detailed study on a thermotropic copolyester based on
made between between two PAN based fibres , a pitch based fibre, and 4,4'- dihydroxy , ct-&' dimethylbenzalazine was carried
single crystal graphite. Grazing angle techniques have been used to probe
only the first 12-15 A of the fibre surface. Plasma treatments were carried out. The soluble, nematic copolymer was enantiotropic

out in an insitu plasma treatment cell which was attached to a PHI 5400 and exhibited a relatively large mesophase range ( -100
X-ray photoelectron spectrometer. This enabled the immediate effects of OC). Differential scanning calorimetry and thermo-
the plasma to be studied before the treated surface was exposed to air.Both
nitrogen and ammonia plasma treatments were successful in introducing gravimetric analysis were used to characterize the

amine functionality onto the fibre surface. Aliphatic and aromatic amine thermal transitions and thermal oxidative stability
groups were detected. By comparing data collected at surface and bulk respectively. The liquid crystalline polymer has crys-
sensitive angles from the lower modulus PAN based fibres treated with an talline to nematic (K-N) and nematic to isotropic (N-I)
ammonia plasma, the aliphatic amines were present at a greater depth that
those attached to an aromatic ring. This was not true for fibres treated with transitions at -155 OC and -250 0 C respectively. The

a nitrogen plasma where the ratio of aliphatic to aromatic amines remained transitions depended on the molecular weight and

constant. Ammonia plasmas also proved successful in removing all the thermal history of the samples. Heating the polymer
oxygen containing species from the fibre surface. The higher modulus above the N-I transition significantly influenced the
PAN based fibres were less prone to attack by these plasmas. By biasing
the sample to a negative potential the number of amine groups increased ability to form a mesophase. The complex viscosity (11*)
dramatically and the chemistry of the surface became similar to that of the and the storage and loss moduli (G' and G") were deter-
treated lower modulus fibres. Pitch based fibres were less reluctant to
react. Increasing the biasing potential to several hundred volts did not mined as a function of molecular weight using an

significantly increase the number of amine groups incorporated onto the ocillatory shear deformation. Thermal stability of the

fibre surface. It was concluded that these groups adhered only to edge sites polymers was evaluated as a function of temperature and
and/or defects on the fibre surface. Significant etching or pitting was not annealing time. The polymers exhibited good thermal
observed in SEM micrographs of these treated fibre surface even after
sample biasing. Chemical change only occurred within the first few layers stability up to the N-I transition ( - 250 OC). Prolonged

of the fibre and hence causing minimal damage to the fibre itself, annealing near or above the clearing point resulted in

less than 1% weight loss, but about 10% reduction in the
08.6 ABSTRACT WITHDRAWN weight average molecular weight.

08.7 08.9

DETERMINATION OF PARTICLE SIZE OF A DISPERSED ES.A

PHAS WIH SALLANGE X-AY CATERIG. ran BLENDS OF POLY(STYENE-CO-MALEIC ANHYDRIDE) WITH MAIN-CHIiAN

PHASE WITH SMALL-ANGLE X-RAY SCATTERING. Frank NtMATIC POLYESTELRS PHASE BEIIAVIOR AND MELT RIIEOLOGY. ,jLMlr.,

C. Wilson, DuPont Experimental Station, IU. Blumstem. A- Blum tein. Polymer Science Program. University of Lowell.

Wilmington, DE Lowell, MA 01854. and G. Kharas, Polysar Inc.. 31 Fuller St., Leominster. M/.01453

Measures of median particle size and particle Phase behavior and rheology under condhtions of oscillatory shear were

size distribution for one polymer dispersed in ivetigated for thernotropic mmn-chmn nenauc LCI's

another have been determined from x-ray scans /
obtained on the ultra-high-resolution Bonse-Hart
small-angle x-ray diffractometer. Correlation_
with electron microscopy results has been

excellent. Depending upon the breadth of the
distribution, particles up to about 1 micrometer and their blends with poly(atyrene-co-cmleic anhydride) (PSMA).

in diameter have been characterized. The The following atructural parameters were varied: LCP spacer length n.-7

technique bases the analysis on the assumption of and 10) and molecular mas; PSMA molecular mass and wopolymer composition
a log-normal particle-size distribution and Blend, containing up to 30% LCP by weight were prepared from solution. Complex

viscosity. baa and storage moduli were recorded in the isotropic and nemstic
characterizes the breadth of the distribution temperature range of the LCP'& Strong negative deviatmons of melt viscosity
accordingly. relative to that of both par at polymers were observed, with a minimum occuring

at low LCP con ntraas (below 5% by weight). Results we interpreted in terms
of LCP domasi ze ad LC P/PSMA interctions

For typical samples containing particles with

diameters ranging from 200 to 500 micrometers,
intensity data are gathered between 0.002 and
0.16 degrees 2-theta and can be obtained in less
than 30 minutes. Analysis of the data requires
less than 10 minutes. The analysis assumes
Rayleigh scattering from independent spheres and
approximates this scattering with a Gaussian fit
at low angles and an inverse 4th power fit at
high angles. The matching of the modeled fit to
the observed data is done with the invariant
argument, h2  x I(h). The data acquisition,
reduction and presentation are all carried out on
a lab-dedicated Hewlett-Packard minicomputer.
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OPTICAL FIBER MATERIALS AND PROCESSING 11:15 P2.3
FLUID DYNAMICS INSTABILITIES IN DRAWN

November 27-29, 1989 FIBERS, Charles Thompson and Arun Mulpur,
university of Lowell, Department of Electri-

SESSION Pl: GENERAL FIBER PROCESSING I cal Engineering, Laboratory for Advanced
Chairs: Peter C. Schultz Computation, Lowell, MA.

Monday Morning, November 27
Essex North East (W) 11:30 P2.

THERMAL MODELING OF THE OPTICAL FIBER DRAW-
8:30 *Pl.1 ING PROCESS, Haris Papamichael and Ioannis

OVERVIEW OF FIBER OPTIC MATERIALS AND N. Miaoulis, Tufts University, Mechanical
PROCESSING, S.R. Nagel, AT&T Technologies, Engineering Department, Medford, MA.
Engineering Research Center, Princeton, NJ.

11:45 P2.5
9:15 *P1.2 ACCELERATED COOLING OF OPTICAL FIBER, C

LIGHT SCATTERING STUDIES OF GAS-PHASE PART- Polvmerogoulos, V. Sernas, and S. Kyriacou,
ICLE SYNTHESIS, Alan J. Hurd, Sandia Nation- Rutgers University, Department of Mechanical
al Laboratories, Division 1152, Albuquerque, and Aerospace Engineering, Piscataway, NJ.
NM.

SESSION P3: FIBER COATINGS
9:45 P1.3 Chair: Rebecca Lu

ENTHALPY OF MIXING IN THE SYSTEM SILICA- Monday Afternoon, November 27
GERMANIA: COMPARISON OF FLAME HYDROLYSIS Essex North East (W)
MATERIAL. TO iiIGH TEMPERATURE FUSED GLASSES,
P.D. Maniar and A. Navrotsky, Princeton 1:30 *P3.1
University, Department of Geological and DEPOSITION OF HERMETIC CARBON COATINGS ON
Geophysical Sciences, Princeton, NJ; and SILICA FIBERS, R.G. Huff, F.V. DiMarcello,
C.W. Draper, AT&T Technologies, Engineering A.C. Hart, Jr. and K.L. Walker, AT&T Bell
Research Center, Princeton, NJ. Laboratories, Murray Hill, NJ.

10:00 P1.4 2:00 P3.2
MINIMUM NUMBER OF DEPOSITED LAYERS DURING SURFACE TREATMENTS AND COATING MATERIALS FOR
PREFORM PREPARATION OF DISPERSION FLATTENED SILICA FIBERS, Albert A. Kruger, Battelle-
SINGLE MODE FIBERS, U. Ackerman, H. Bauch, Pacific Northwest Laboratory, Chemical
R. Th. Kersten, U. Rutze, Schott Glaswerke, sciences, Richland, WA.
Mainz, West Germany.

2:15 P3.3
10:15 BREAK CHEMICAL REACTION AT GLASS/LIQUID INTER-

FACES, Kim F. Ferris and Larry R. Pederson,
SESSION P2: GENERAL FIBER PROCESSING II Pacific Northwest Laboratories, Materials

Chair: John B. MacChesney and Chemical Sciences Department, Richland,
Monday Morning, November 27 WA.

Essex North (W)
2:30 P3.4

10:30 *P2.1 MODEL STRUCTURE OF THE VITREOUS SILICA SUR-
SOL-GEL PROCESSING FOR FIBER OPTIC FACE, B.P. Feuston and S.H. Garofalini,
APPLICATIONS, Ian M. Thomas, University of Rutgers University, Department of Ceramics
California, Lawrence Livermore National and Institute for Engineered Materials,
Laboratory, Livermore, CA. Piscataway, NJ.

11:00 P2.2 2:45 P3_5
CONTINUOUS CASTING OF PARTICULATE SILICA AN INVESTIGATION OF OPTICAL FIBER COATING
GELS, E.M. Rabinovich, K.A. Jackson and PERFORMANCE IN EMBEDDED SENSING APPLICA-
Nonna A. Kopylov, AT&T Bell Laboratories, TIONS, R.A. Haaksma and M.J. Cehelnik, Alcoa
Murray Hill, NJ. Laboratories, Surface Technology Division,

Alcoa Center, PA; and M.J. Kerkhoff, Alcoa
Laboratories, Equipment Development Divi-
sion, Alcoa Center, PA.

*Invited Paper
3:00 P

Short Course M-04, "Optoelectronic Mater- FABRICATION OF OXIDE GLASS COATED FLUORIDE
ials, Processes, and Devices," may be of GLASS OPTICAL FIBERS FOR DURABILITY AND
interest to symposium attendees. Details STRENGTH IMPROVEMENT, Yasutake Ohishi, Kazuo
regarding course dates and instructors are Fujiura and Shiro Takahashi, NTT Corpora-
provided in the short course section of this tion, NTT Opto-Electronics Laboratories,
program. Ibaraki, Japan.
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3:15 BREAK SESSION P5: HALIDE GLASSES AND FIBERS
Chair: Martin Drexhage

SESSION P4: ENVIRONMENTAL EFFECTS Tuesday Morning, November 28
Chair: Paul France Essex North East (W)

Monday Afternoon, November 27
Essex North East (W) 8:30 *PS.1

SYNTHESIS AND CHARACTERIZATION OF HEAVY
3:30 *P4.1 METAL FLUORIDE GLASSES, P.W. France, S.F.

DIFFUSION OF HYDROGEN THROUGH HERMETIC Carter, M.W. Moore and J.R. Williams,
CARBON FILMS ON SILICA FIBERS, P.J. Lemaire, British Telecom Research Laboratories,
K.S. Kranz, K.L. Walker, R.G. Huff and F.V. Martlesham-Heath, Ipswich, United Kingdom.
DiMarcello, AT&T Bell Laboratories, Murray
Hill, NJ. 9:00 P5.2

PROCESS ANALYSIS IN THE SYNTHESIS OF
4:00 P4.2 FLUOROZIRCONATE GLASSES, M. Braglia, G.

ELECTRON PARAMAGNETIC RESONANCE STUDY OF THE Cocito, M. Ferraris and G. Parisi, CSELT,
HERMETIC, CARBON COATED, OPTICAL FIBER, Torino, Italy.
Daryl Inniss, AT&T Bell Laboratories, Murray
Hill, NJ. 9:15 P5.3

EFFECT OF COMPOSITIONAL VARIATIONS AND
4:15 P4.3 PROCESSING ON THE OPTICAL SCATTERING OF

MATERIALS EFFECTS ON THE RADIATION SENS- ZBLAN GLASS, A.E. Neeves, W.A. Reed, M.Chui-
ITIVITY OF SINGLE MODE OPTICAL FIBERS, E.J. Sabourin and A.J. Bruce, AT&T Bell Labora-
Friebele, C.G. Askins, M.E. Gingerich, Naval tories, Murray Hill, NJ.
Research Laboratory, Washington, DC; S.J.
Hickey, Sachs Freeman Associates, Inc., 9:30 P5.4
Landover, MD; M.A. Putman, University of ORIGIN AND ELIMINATION OF SCATTERING CENTERS
Maryland, College Park, MD; and C.M. Shaw, IN FLUORIDE GLASSES AND FIBERS, I. Aggarwal,
New York State College of Ceramics, Alfred Naval Research Laboratory, Washington, DC;
University, Alfred, NY. J.S. Sanghera, University of Virginia,

Charlottesville, VA; B. Harbison, L. Busse
4:30 P4.4 and P. Pureza, Naval Research Laboratory,

EFFECT OF FIBER COMPOSITION AND STRESS ON Washington, DC.
THE RADIATION SENSITIVITY OF POLARIZATION-
MAINTAINING FIBERS, M.E. Gingerich, Naval 9:45 P5.5
Research Laboratory, Washington, DC; S.J. FABRICATION OF AlF 3 BASED GLASS FIBERS, M.R.
Hickey, C.C. Harrington, Sachs Freeman Shahriari, T. Iqbal, P.R. Foy and G.H.
Associates, Inc., Landover, MD; E.J. Sigel, Jr., Rutgers University, Fiber Optic
Friebele, Naval Research Laboratory, Materials Research Program, Piscataway, NJ.
Washington, DC; and J.R. Onstott, 3M Center,
St. Paul, MN. 10:00 P5.6

THE CHARACTERIZATION OF INFRARED TRANSMIT-
4:45 P4.5 TING OPTICAL FIBERS, R.D. Driver, G.M.

LUMINESCENCE MEASUREMENTS OF FUSED SILICA IN Leskowitz, L.E. Curtiss, D.E. Moynihan and
THE PRESENCE OF EXCIMER LASER RADIATION, N. L.B. Vacha, IRIS Fiber Optics, Acton, MA.
Kuzuu, Nippon Silica Glass Yamaguchi Comp-
any, Shin-Nanyo Plant, Yamaguchi, Japan; Y. 10:15 P5.7
Komatsu and M. Murahara, Tokai University, DESIGN PARAMETERS FOR FLUORIDE MULTIMODE
Faculty of Engineering, Kanagawa, Japan. FIBERS: EFFECTS OF COATING AND BENDING ON

LOSS, L.E. Busse and I.D. Aggarwal, Naval
5:00 P4.6 Research Laboratory, Washington, DC.

PHOTOLUMINESCENCE INDUCED BY 6.4 eV PHOTONS
IN HIGH PURITY SILICA, T.E. Tsai and H.B. 10:30 BREAK
Lin, Geo Centers Inc., Fort Washington, MD;
E.J. Friebele, Naval Research Laboratory, SESSION P6: CHALCOGENIDE AND
Washington, DC. CHALCOHALIDE GLASSES

Chair: Shiro Takahashi
Tuesday Morning, November 28

Essex North East (W)

10:45 P§.1
PREPARATION AND PROPERTIES OF SELENIUM-
TELLURIUM BASED CHALOCOGENIDE AND CHAL-
COHALIDE GLASS, M.R. Tuzzol,,2, D.J. McEnroe
and M.G. Drexhage, Galileo Electro-Optics
Corporation, Sturbridge, MA.
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11:00 P6.2 SESSION P7: POLYMERS AND
STRUCTURAL PRINCIPLES IN NON-OXIDE CHAL- PLANAR WAVEGUIDES
COGENIDE GLASSES, Hellmut Eckert, David Chair: Bolesh Skutnik
Lathrop, Mark Drake, Kelly Moran and Mike Tuesday Afternoon, November 28
Tullius, University of California at Santa Essex North East (W)
Barbara, Department of Chemistry, Goleta,
CA. 2:00 *P7.1

ADVANCE OF PLASTIC OPTICAL FT7PRS, Fumio
11:15 P6.3 Ide, Mitsubishi Rayon Company, LTD.,
PROPERTY-COMPOSITION RELATIONSHIP OF CHALCO- Research and Development Department, Tokyo,
GENIDE GLASSES CONTAINING GERMANIUM, Jv Japan; Takashi Yamamoto, Mitsubishi Rayon
.LL i and Peter R. Strutt, The University Company, LTD., Central Research Laboratory,

of Connecticut, Institute of Materials Hiroshima, Japan.
Science, Storrs, CT.

2:30 P7.2
11:30 P6.4 LOW-LOSS GI PLASTIC OPTICAL FIBER AND NOVEL
TELLURIUM HALIDE GLASS FIBER FOR TRANSMIS- OPTICAL POLYMERS, Yasuhiro Koike and Yasuji
SION IN THE 8-12 4m REGION, X.H. Zhang, G. Ohtsuka, Keio University, Yokohama, Japan.
Fonteneau, H.L. Ma, J. Lucas, Universite de
Rennes, Laboratoire de Chimie Minerale D, 2:45 *P7.3
Rennes, France. SILICA-BASED SINGLE-MODE WAVEGUIDES AND

THEIR APPLICATIONS TO INTEGRATED-OPTIC
11:45 P6.5 DEVICES, N. Takato and A. Sugita, NTT Cor-
NEW STABLE IODIDE GLASSES IN THE Cd-As-I AND poration, NTT Opto-Electronics Laboratories,
Cd-As-Ge-I SYSTEMS, Jong Heo and George H. Ibaraki, Japan.
Sigel, Jr., Rutgers University, Fiber Optic
Materials Research Program, Piscataway, NJ. 3:15 P7.4

POTENTIAL APPLICATION OF Bi(Pb)-Ca-Sr-Cu-O
12:00 P6.6 GLASSES FOR PREPARATION OF INTEGRATED OPTI-
STRUCTURAL STABILITY OF TELLURIUM HALIDE CAL FIBERS, Haixing Zhena and J.D. Macken-
GLASSES, Jay J.L. Yi and Peter R. Strutt, zie, University of California-Los Angeles,
The University of Connecticut, Institute of Department of Materials Science and En-
Materials Science, Storrs, CT. gineering, Los Angeles, CA.

SESSION P6: CHALCOGENIDE AND 3:30 BREAK
CHALCOHALIDE GLASSES

Chair: Shiro Takahashi SESSION P8: CRYSTALLINE MATERIALS
Tuesday Afternoon, November 28 Chair: Moni Saifi

Essex North East (W) Tuesday Afternoon, November 28
Essex North East (W)

1:30 P6.7
LASER IRRADIATION STUDIES OF IR-TRANSMITTING 3:45 P8.1
CHALCO-HALIDE GLASSES, Jean-Luc Adam, C GROWTH OF OPTICAL QUALITY SAPPHIRE SINGLE
Ortiz and Jesse R. Salem, IBM Almaden Res. CRYSTAL FIBERS, D.H. Jundt, M.M. Fejer and
Center, San Jose, CA; and Xiang-Hua Zhang, R.L. Byer, Stanford University, Applied
Universite de Rennes, Rennes, France. Physics Department, Stanford, CA.

1:45 P6.8 4:00 P8.2
MECHANICAL STRENGTH OF LOW-DIMENSION GLASS THE GROWTH AND CHARACTERIZATION OF TUNGSTEN
FIBERS, N.A. Cergua, E.C. Behrman, and W.C. BRONZE STRONTIUM BARIUM NIOBATE SINGLE
LaCourse, New York State College of Ceramics CRYSTAL FIBERS, Joyce Yamamoto and Amar
at Alfred University, Glass Division, Bhalla, Pennsylvania State University,
Alfred, NY. Materials Research Laboratory, University

Park, PA.

4:15 P8.3
PROTON EFFECTS IN KTiOPO 4 , P.A. Morris, M.K.
Crawford, M.G. Roelofs and J.D. Bierlein,
E. I. duPont de Nemours & Co., Inc., Experi-
mental Station, Wilmington, DE; and G.
Gashurov, Airtron, Litton Systems, Inc.,
Morris Plains, NJ.
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4:30 P8.4 10:45 P9.7
EXTENDED X-RAY ABSORPTION FINE STRUCTURE INFRARED SPECTROSCOPY OF PROTONS IN KTiOP0 4 ,
STUDY OF KNBO 3 , K.H. Kim, W.T. Elam and E.F. M.K. Crawford, P.A. Morris, M. Roelofs, E.I.
Skelton, Naval Research Laboratory, duPont de Nemours & Co., Inc., Experimental
Washington, DC. Station, Wilmington, DE; and G. Gashurov,

Airtron, Litton Systems, Inc., Morris
4:45 P8.5 Plains, NJ.

ANALYSIS OF THERMAL VARIATION OF LENGTH AND
REFRACTIVE INDEX OF LEAD FLUORIDE TO STUDY 11:00 P9.8
ITS OPTICAL PROPERTIES, Tarlok S. Aurora, OPTICAL ABSORPTION AND EMISSION IN RARE
Philadelphia College of Pharmacy and Sci- EARTH DOPED HEAVY METAL FLUORIDE GLASSES, R.
ence, Department of Math and Physics, Phila- Pafchek, E. Snitzer and G.H. Sigel Jr.,
delphia, PA; Donald 0. Pederson, University Rutgers University, Fiber Optic Materials
of Arkansas, Department of Physics, Fayette- Research Program, Piscataway, NJ.
ville, AR; Stephen M. Day, Miami University,
Oxford, OH.

SESSION 9: RARE EARTH DOPED GLASSES
Chair: E. Snitzer

Wednesday Morning, November 29
Essex North East (W)

8:30 *P9.1
MATERIALS AND PROCESSING REQUIREMENTS FOR
EFFICIENT FIBER OPTIC NONLINEAR DEVICES,
R.H. Stolen, AT&T Bell Laboratories,
Holmdel, NJ.

9:00 P9.2
CONCENTRATION AND DISTRIBUTION OF Er AND Al
IN SILICA-BASED FIBERS, D.W. Oblas, T. Wei,
W.J. Miniscalco and B.T. Hall, GTE Labora-
tories, Incorporated, Waltham, MA.

9:15 P9.3
APPLICATION-SPECIFIC OPTICAL FIBRES MANU-
FACTURED FROM 1MULTICOMPONENT GLASSES, E.R.
Taylor, M. Tachibana, J. Wang and D.N.
Payne, University of Southampton, Optical
Fibre Group, Department of Electronics and
Computer Science, Southampton, United
Kingdom.

9:30 P9.4
GLASSES FOR Er3+-DOPED FIBER LASERS AND
OPTICAL AMPLIFIERS, W.J. Miniscalco, L.J.
Andrews, S. Zemon, B.T. Hall, T. Wei and
R.C. Folweiler, GTE Laboratories Incor-
porated, Waltham, MA.

9:45 P9.5
EXCITED STATE CROSS SECTIONS FOR Er-DOPED
GLASSES, S, Zemon, G. Lambert, W.J.
Miniscalco, L.J. Andrews and B.T. Hall, GTE
Laboratories Incorporated, Waltham, MA.

10:00 BREAK

10:15 *P9.6
RARE EARTH DOPED FIBERS, Elias Snitzer,
Rutgers University, Fiber Optic Materials
Research Program, Piscataway, NJ.
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V

P1.1 ABSTRACT NOT AVAILABLE The low pressure plasma-impulse-CVD process (1) is used

Pl.2 for preparing dispersion flattened single mode (DFSM)

fibers. In contrast to other fiber manufacturing

LIGHT SCATTERING STUDIES OF GAS-PHASE PARTICLE SYNTHESIS. processes, PICVD allows preparation of continuously
j Alan J, Hurd, Division 1152, Sandia National Laboratories, designed refractive index profiles. Dispersion of

Albuquerque, NM 87185-5800 less than 3.5ps/(nm km) between 1.25um and 1.6um was

achieved. Zero dispersions of this profile are at

Although gas-phase reactions for the synthesis of glass and 1.3lum and 1.54um (2). In this paper the minimum

ceramic precursor particles offer many advantages, such as number of layers necessary for preparation of such a

high purity and chemical nonspecificity, their products are continuously shaped refractive index is discussed.

difficult to assess in situ. Here experiments employing
static and dynamic light scattering for two different
systems, flame and plasma reactors, are discussed from the (1) H. Bauch et al., Conf. Proc. SPIE 1985. Cannes,

view of obtaining particle size and structure as a function Vol. 584, 33 (1986)

of in situ position. With static light scattering, the (2) U. Fotheringham, Glastech. Ber. 62, 52 (1989)

conditions for probing particles' internal structure can

often be met, as well as for a model-independent measure of P2.1

size. Aerodynamic size and, in some cases, absolute mass

can be obtained from dynamic light scattering; when combined SOL-GEL PROCESSING FOR FIBER OPTIC APPLICATIONS'.
with complementary (ex situ) data from small-angle x-ray or Ian M. Thomas, University of California. Lawrence
neutron scattering, a fairly complete picture of particle Livermore National Laboratory. P.O. Box 5508, L-490.
morphology can be constructed. Interpretation of selected Livermore, CA.

results will be made by appealing to physical growth models. The so0-gel process normally uses metal organic starting

materials to prepare metal oxide products. Single or
This work was performed in collaboration with William L. mixed oxides can be prepared and these can be in the form

Flower, Dale W. Schaefer, and Pauline Ho and was supported Of bulk materials, coatings or fibers. The process has
by Sandia National Laboratories under Department of Energy been the subject of investigations for many years, the
Contract No. DE-AC04-76-DPO0789. amount of published material is increasing at an

accelerating rate, and there has been some

P1.3 commercial i zation.

ENTHALPY OF MIXING IN THE SYSTEM SILICA-GERMANIA: In the first part of the talk I will describe the sal-gel
COMPARISION OF FLAME HYDROLYSIS MATERIAL TO HIGH process in general with particular emphasis on its

TEMPERATURE FUSED GLASSES. ED. Maniar. A. Navrotsky. advantages and disadvantages over the more conventional

Department of Geological and Geophysical Sciences. Princeton procedures. In the second part I will concentrate on the
preparation of optical fibers by this method and address

University. Princeton, NJ 08544; and C.W. Draper, AT&T, the progress that has been made and the problems that have

Engineering Research Center, Princeton, N.J. 08540. been encountered.

Germania doped silica glasses are of utmost importance as

fiber optic material. We investigated the energetics of germania 'Work performed under the auspices Of the U.S. Department

doped silica prepared by flame hydrolysis at 800 oC to of Energy by Lawrence Livermore National Laboratory under
understand the relation between structure and energetics and Contract No. W-7405-ENG-48.

its dependence on preparation conditions. This was done by P2.2

studying : 1) conventional high temperature fused glasses 2)
untreated amorphous products of flame hydrolysis and 3) flame OTU Ra AinovichN FA. Jackson, and Nonna A.
hydrolysis sample annealed to glass without melting. KOpylov, AT&T bell Laboratories, Murray Hill,

N.J.
Heats of solution, at 700 C in molten lead borate, of fused

silica-germania glasses, containing 0, 23, 26. 45, 74 and 100 mole particulate silica gels have been used to pre-
percent germania, show ideal heats of mixing between the pare glass articles significantly larger than

those made by the alkoxide process unless an
endmembers. This indicates that the fused glasses behave in a autoclave is used. Usually the sole are cast

simple manner, with ideal substitution of Ge for Si in a in stoppered molds and pushed out from the

tetrahedral framework. Flame hydrolysis samples (untreated mold after golation. This is a slow process,

and equivalent glasses) containing 0, 3, 23 and 26 mole percent and so we have carried out a study into the

germania have heats of solution that also plot on this ideal into continuous pr miee t. In our process, the
mixing line. This suggests that the flame hydrolysis material sol is pumped from the reservoir b a I"Tg

and annealed glasses are energetically very similar to their metering pump, while the galling agent is added

bulk-melted counterparts. This insentivity of energetics to by a smaller pump and admixed. The sol is
delivered into a cylindrical mold where it gels

preparation conditions is consistent with our previous studies while moving through the mold, either with or
on silica prepared at various temperatures. It also suggests that without heating. The activation energy for the

short range order on the scale of nearest and next nearest gelation process was determined to be about

neighbour dominates the energetics. 40 KJ/mol.
Pl • 4P2 • 3

P1.4 P.

MINIMUM NUMBER OF DEPOSITED LAYERS DURING PREFORM .li~l Dt Drawn Fiber. ( iariv.

PREPARATION OF DISPERSION FLATTENED SINGLE MODE TIthl..otm 1 tmid Arutn Msli-r Delartin'tlt of Ei,.ctriria

FIBERS, U. Ackerman. H. Bauch, R. Th. Kersten, U. Eiitweernig. Lihorition- for A(htl trvd ( olilills,101t 1 "I' 'it (if

Rutze, Schott Glaswerke. W. Germany, 6500 Mainz, LoNwdli. Loull.. MA
Hattenbergstr. 10
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The stabilhyv anlal y2i of the equal 20n', governing irliwn liqluidI fibor' agreement with the experimental results. For the conditions

will he presented. Particular attention is given to the interaction tested the maximum local heat transfer coefficient was
between the winider and the tluid's loofion. 1I will lIe shonm tha lle approximately 1.700 W/m 2 oC based on the local fiber and gas
terniial conditions pre.ented by the winder assembly call infin('e bulk temperatures. Additional computed results yielded the ratio
both the spatial uniformity and growth rate of infiniiesilvl of energy transfer to the gas and to the tube walls.

disturbances. The non-linear evolution of such disturbances will P3.1
also be addressed and results presented. Preliminary results show DEPOSITION OF HERMETIC CARBON COATINGS ON SILICA
that tije nonlinear effect result in a supercritical bifurcation from the FIBERS, R.G. Huff, F.V. DiMarcello, A.C. Hart, Jr.
neutral stability point. Non-Newtonian models will also be and K.L. Walker, AT&T Bell Laboratories, 600 Mountain

considered. Avenue, Murray Hill, NJ 07974

Carbon coated optical fibers have recently been
NWork supported by Analog Devices Professorship ]shown to have excellent resistance to both static

fatigue and hydrogen induced losses (1.2,3). The
P2.4 deposition technique used to form the carbon

coating strongly affects the coating's ability to
THERMAL MODELING OF THE OPTICAL FIBER DRAWING PROCESS. resist these degradation mechanisms. The systemPApnie'hce1 and loannis N. Miaoulis",. Mechanical developed by AT&T utilizes an atmospheric CVD
Engineering Department, Tufts University, Medford, MA chamber in which a hydrocarbon gas is pyrolyzed on
02155. the fiber surface. The heat retained in the fiber from

The fabrication process of glass optical fibers has been the the fiber forming process is used to drive the
subject of investigations through the years. These reaction, and high draw speeds are typically used to
investigations were motivated by the need to improve the attain the -900

0
C temperature required to deposit the

quality and increase the yield of optical fibers and optical hermetic form of the carbon coating. Deposition rates
multifiber systems. Although some studies have been of -lum a/sec are required to produce the -500
performed in the area of thermal analysis of the fiber coating.
fabrication process, they usually focus on a specific,
narrow range of parameters. The majority of the studies are 1) R.C. Huff, F.V. DiMarcello, A.C. Hart, Jr.
performed for thin single (unsheathed) fibers (<0.2 mom). "Amorphous Carbon Hermetically Coated Optical
Very limited work has been done on modelling the thermal Fibers", Technical Digest, OFC 1989, paper TUG2.
processing of thick fibers (>0.21mm), end sheathed (core and 2) K.E. Lu, M.T. Lee. D.R. Powers, S. Glaseman,
clad) fibers, and most of the fabrication processes are 'Hersetfcally Coated Optical Fibers* Technical
performed on a costly trial and error basis. This paper
presents a tool that we developed which the fiber Digest, Postdeadline Paper PDI, OFC 1989.

fabrication community can use to predict the thermal 3) P.J. Lemaire, K.S. Kranz, K.L. Walker, R.C.
behaviour of thin single, thick single, and core and clad Huff and F.V. DiMarcello, "Hydrogen Permeation in
fibers during processing. The thin fiber case was treated Optical Fibers with Hermetic Carbon Coatings",
analytically and was treated as a fin. The variable Electronic Letters, Vol. 24, No. 21, Pgs. 1323-1324,
covection transfer coefficient was calculated by the Karman- October 13, 1988.
Pohlhausen technique. The study treated the air and glass
properties as independent of temperature and separately as a P3.2
function of temperature and results are compared with SURFACE TREATMENTS AND COATING MATERIALS FOR
experimental findings. For the thick and core and clad
fibers, where the one-dimensional treatment usually used for SILICA FIBERS, Albert A. Kruger.
thin fibers does not apply, a finite difference technique Pacific Northwest Laboratory). Chemical Sciences.
was used for the numerical modeling of the processes. The Richland. Washington 99352-0999
results are presented in graphical form where the convective
coefficients and temperature distributions are presented as Following chemical treatment of the glass surface,
a function of distance of the fiber from the furnace, for a applicaton of a novel UV curable acrylic pre-polymer and
wide range of diameters and drawing speeds. Comparison with
experiments indicated close agreement. subsequent polymerization yield strong fibers. This surface

chemistry does not form a barrier or impermeable layer.
rather, site-specific reactions giving rise to changes in the

P2.5 chemical reactivity of the surface. The initial tensile
ACCELERATED COOLING OF OPTICAL FIBER. C. E Poly e ulos strength and resistance to aging of the silica fibers vary
V. Sernas. and S. Kyriacou, Dept. of Mechanical and Aerospace greatly with the treatment. Both static and dynamic fatigue
Engineering. Rutgers University, Piscataway, N. J. 08855. experiments indicate significant modification of the aging

An apparatus for accelerated cooling of optical fiber has been process. Further. It is apparent that the Griffith flaw model
designed and tested using a 150 pn diameter fiber drawn at is not applicable.
speeds of up to 3 m/sec with Helium or Nitrogen as the cooling
medium. Cooling was accomplished by passing the fiber The polymer overcoat has good abrasion resistance, tear
through a 0.5 m long and 4 mm diameter water cooled tube, with strength, low water vapor transmission rates, and adds no
the fiber moving in a direction opposite to the gas flow. To more than 5 dB/km of excess loss at -800C.
assure minimum cooling gas leakage from the cooling section
the upstream gas plenum was kept at near atmospheric pressure, P3.3
while the downstream plenum was at vacuum pressure. Gas flow
rate was set using the measured pressure difference between the CHEMICAL REACTION AT GLASS/LIQUID INTERFACES,
gas inlet and outlet. Using Helium and with the fiber moving at Kim . Ferris and Larry R. Pederson, Pacific Northwest
the maximum speed of 3 m/sec a mean cooling rate of
approximately 5,000 oC/sec was measured within the cooling Laboratofles. Richland, WA99352
section which was positioned at a distance of 0.55 meters from
the graphite furnace. The required gas flow rate was Although the aqueous durability of ceramic materials and its relation
approximately 70 1/min resulting in a Reynolds number ofappr xim tel 2.4 0 b sed on he h dra lic diam ter Hi herwith surface properties has been the subject of numerous studies,approximately 2.400 based on the hydraulic diameter. Higher
cooling rates can be achieved if the gas flow is increased, or if the basic processes at the reaction interface are still poorly
the tube wall temperature is reduced by refrigeration. understood. Dielectric effects from both the solid and solution
Analytical prediction of the fiber temperature using a finite phases can play a major role on reaction rates, while electric surface
difference solution of the conservation equations was in good
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charge phenomena can affect reacton rates through modifications in Tokai-Mura, Naka-Gun, Ibaraki-Ken, 319-11 Japan

thelocalchenicalenvironment. he electic surface charge on Durability and mechanical strength of fluoride
glasses can be varied through changes in solutionionic strength or glass optical fibers are intrinsically inferior

to those of silica and other oxide glass fibers.by using organic/water mixtures as measured by pH-stat techniques. Many attempts to improve the properties of fluo-

Byusingasilicicacid'pointcharge'compleinthelatticesits ride glass optical fibers have been made. How-
ever, effective techniques have not yet been

surrounding silicic acid, a first order approximation can be made to developed.
the solid state dieleciic effects. Combined with molecular

It is expected that the improvement of durabilityspctoscopic data, such information can generate a molecular and mechanical strength are attained by being

interpretationofinitialsurfacestuctureanditsevolutioninreactive coated with the oxide glasses. There are some
oxide glasses whose thermal properties are

environments, matched to those of fluoride glasses.

This work was supported by the U.S. Department of Energy, Office Oxide glass coating is performed by jacketing
of Basic Energy Sciences under contract DE-AC06-76RLO 1830. fluoride preforms with oxide tubes. It is clari-

fied by the thermal analyses that chemical reac-
tion between fluoride and oxide glasses does not

P3.4 occur in the fiber drwawing temperature range and

MODEL STRUCTURE OF THE VITREOUS SILICA SURFACE* begin to occur rapidly at the melting temperature
B. P. Feuston and S. H. Garofalini, Dept. of of fluoride glasses. Using a lead oxide-based
Ceramics and Institute for Engineered Materials, glass tube, smooth contact between fluoride and
Rutgers University, Piscataway, NJ 08855-0909 oxide glasses are confirmed.

The surface structure of vitreous silica is P4.1

investigated through molecular dynamics DIFFUSION OF HYDROGEN THROUGH HERMETIC
simulation. Comparison of the structure prior to CARBON FILMS ON SILICA FIBERS, P.J. Lemaire. K.S.
fracture and after fracture and annealing allows Kranz, K.L. Walker, R.G. Huff, and F.V. DiMarcello.
identification of topological and bonding defect AT&T Bell Laboratories, 600 Mountain Avenue, Murray
in the surface region. Identification of defects Hill, NJ, 07974.
and their location are presented. Non-bridging
oxygen (NBO) and edge-sharing tetrahedra are Silica based optical fibers have been drawn with hermetic
found to form on the oxygen terminated surface carbon coatings. These coatings are used to protect the
with 3-coordinated silica, 3-coordinated oxygen
and 3-member rings just below the outermost silica portion of the fiber from undesirable loss increases
atoms. An association between 3-membered rings and strength reductions caused by H2 and H2 0,
and 3-coordinated oxygen is observed and its respectively. The hermetic properties of the carbon films
possible relationship to the Raman DZ defect peak have been evaluated using accelerated test conditions
will be discussed. where the coated fibers were exposed to H 2 at elevated
* Supported by Army Research Office, Grant temperatures and hydrogen pressures. In-situ spectral lossNo.rDAAL03-86-K-O047 monitoring has allowed us to measure changes in the

characteristic optical loss features caused by either

P3.5 molecular H2 or by species such as OH which form when
AN INVESTIGATION OF OPTICAL FIBER COATING hydrogen reacts with defects in the silica. By using long
PERFORMANCE IN EMBEDDED SENSING APPLICATIONS. lengths of fiber it is thus possible to optically measure the

. A. Haaksma, M. J. Cehelnik and M. J. Kerkhoff, Alcoa extremely small amounts of hydrogen that penetrate the
Laboratories. Alcoa Center, PA, 15069. carbon films. At temperatures in the range of 100 to

The use of composite materials for aerospace applications hs 145 * C the diffusion of H2 is readily modeled using
created an increasing need for developing nondesructive methods classical diffusion theories for a composite cylinder,
for assessment of composite performance. Embedded optical fiber allowing calculation of the diffusion coefficient and of the
sensor technology provides the potential for monitoring parameters solubility for H in the carbon. At higher temperatures
of interest during processing and tesing of composite materials as the diffusing H2 is partially depleted by reaction with
well as the opportunity for tacking properties over the lifetime of defects in the glass. For these conditions the inward
composite pans in service. The successful development of this diffusion of the H2 and its reaction at defect sites tend to
technology depends on designing optical fiber sensor systems balance each other, giving rise to a constant, but
suitable for use in composite embedded sensing applications, extremely low, concentration of H2 in the fiber.

This paper focuses on the role played by optical fiber coatings in
the design of embedded sensor systems. The performance of 2
different optical fiber coatings under typical composite processing ELECTRON PARAMAGNETIC RESONANCE STUDY OF THE
conditions will be discussed. Photomicrographs of test specimens HERMETIC, CARBON COATED, OPTICAL FIBER.
containing embedded sensors will be presented which show Inniss, AT&T Bell Laboratories, Murray Hill N.J.
delamination occuring at the coating/optical fiber interface inpreference to the coating/epoxy resin interface. Based on this Recently, a thin carbon film deposited on the
work, coating performanc creria will be outlined for use in the surface of silica optical fibers has been shown to
selectionofappropriatefiberopticsensorsforcertaintarget improve the fiber's resistance to static fatigue
applications in composites. and hydrogen permeation. The carbon film is

characterized by electron paramagnetic resonance
P3.6 spectroscopy. A single symmetrical resonance is
FABRICATION OF OXIDE GLASS COATED FLUORIDE GLASS observed, centered at the g value of 2.002. The
OPTICAL FIBERS FOR DURABILITY AND STRENGTH IMPRO- lineshape is Lorentzian, suggesting spin
VEMENT, Yasutake Ohishi, Kazuo Fujiura and delocalization. Intensity measurements ranging
Shiro Takahashi, from 4K - BOOK suggest that both conduction
NTT Opto-Electronics Laboratories, electrons and localized spin centers contribute to
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im the spin resonance. The localized spin centers P4.5

may arise from point defects in the carbon film. LUMINESCENCE MEASUREMENTS OF FUSED SILICA IN
The results are discussed in terms of specific THE PRESENCE OF'EXCIMER LASER RADIATION
structural models for the defects. N.Kuzuu, Nippon Silica Glass Yamaguchi Co.,

Shin Nanyo, Yamaguch 746, JAPAN.; Y.komatsu,

P4.3 Graduate student of Faculty Eng. Tokai Univ.;

MATERIALS EFFECTS ON THE RADIATION SENSITIVITY OF M.Murahara, Faculty of Eng. Tokai Univ. 1117

SINGLE MODE OPTICAL FIBERS, E.J. Friebele. C.G. Kitakaname, Hiratsuka, Kanagawa 259-12, JAPAN.

Askins, M.E. Gingerich, S.J. Hickey*, M.A. Putnam**,C.M. Shaw***, Naval Research Laboratory. Washington, Fused silica which were formed in the hydrogen-
DCM. 2h0w375, av Re chmLator M higton , oxygen flame hydrolysis of SiCl4 has absorptionDC 20375 and W.H. Schmidt, Michigan State bands in the near-IR region but it can posseses

University, E. Lansing, MI 48824 (* Sachs Freeman h p a n s in the UV region.Assoc., Inc., Landover, MD; **University of high optical transmission in the UV region.
Maryla, IC, Lar, MD; **UNivegt of Thus this material could be used as a core for
Maryland, College Park, D; ***NYS Collage of UV transmitting optical fiber. It has been
Ceramics, Alfred University, Alfred, NY) observed that some samples of fused silica have

We have previously fabricated and irradiated a number structural defects that cause luminescence and

of single mode fibers to a total dos of 2000 rads at - thus absorption in this UV region.

35C and fit the resultant recovery data to nt  -order We report on the luminescence behavior of the
kinetics (I). The "permanent" incremental loss fused silica which has been irradiated by ArF
determined from these data was used as a measure of excimer lasers. In this measurements, the emi-
the loss that would be induced by low dose rate ssion spectrum of wide range were measured mo-
fallout environments. Similar measurements have mentally by diode array with image intensifier.
now been performed over a wide temperature range,
and it has been found that the temperature dependence Irradiating with the ArF laser, it was seen
of the recovery parameters is determined by the that the intensity of luminescence at 650 nm
composition of the core and cladding. Single mode varies inversely to the intensity of lumine-
fiber radiation response depends on fabrication scence at 300 nm in different samples. A sample
parameters as well as dopant concentrations. The appearing no luminescence at 650 nm appears
relationships between fabrication and kinetic luminescence at 280 nm in place of at 300 nm.
parameters have been established through 3 These two luminescence have different depend-
techniques: orthogonal matrix analysis, multiple encies of intensity v.s. radiation time, From

regression and multivariate analysis. A new these results we conclude that luminescence at
experimental design to elucidate both one-way and two- 650 and 300 nm are related with same origin,
way interactions between fabrication parameters and whereas the luminescence at 280 nm is caused by
radiation response with good statistical significance different origin from those two luminescence.
and without confounding will be described. P4.6

(1) C.G. Askins, C.M. Shaw, T.e. Tsai, C.C. Harrington, PHOTOLUMINESCENCE INDUCED BY 6.4 eV PHOTONS IN HIGH
M.E. Gingerich and E.J. Friebele, SPIE Vol. 992, pp. PURITY SILICA, T-E. Tsa H.B. Lin, GeoCenters, Inc.,

74-83 (1988). Fort Washington, MD 20744, E.J. Friebele, Naval

Research Laboratory, Washington, DC 20375
P4.4
EFFECT OF FIBER COMPOSITION AND STRESS ON THE Steady state photoluminescence in the visible range in

RADIATION SENSITIVITY OF POLARIZATION-MAINTAINING high purity silica rods of suprasil at room

FIBERS, M .E. Gingetich. S.J. Hickey*, C.C. temperature was studied using 6.4eV (a- 193n ) phocons

Harrington* and E.J. Friebele, Naval Research as the excitation source. Electron spin resonance was

Laboratory, Washington, DC 20375 and J.R. Onstott, 3M used to monitor the induced paramagnetic centers.

Center, St. Paul, MN 55144 (*Sachs Freeman Assoc., Broad luminescence bans at 2.8eV, 2.2eV and 1.9eV

Inc., Landover, MD) were observed. The relative intensities of these bands

were altered by bringing the light to a focus inside

The radiation sensitivity of birefringent polarization- the sample. Relative photoluminescence intensity was

maintaining fibers has been shown to depend on the also studied as a function of laser pulse energy and

level of asymmetric stress applied to the Ge-doped irra iation time. For laser fluences up to 3000

silica core. (1) An Implication of this result is that J/cmf, the intensity of 1,9eV band increases but that

differential radiation-induced attenuation should of 2.8eV band remains approximately the same. The

be experienced along the two polarization axes. growth of paramagnetic NBOHC centers was found to be

Measurements of the differential attenuation Wve correlated with that of 1.9eV band. These results

been made during and after steady state Co will be discussed in relation to the radiolytic

irradiations and following pulsed electron exposure mechanism for defect generation in silica.

to investigate this effect. The observed
attenuation and the effect of the radiation P5.1 ABSTRACT NOT AVAILABLE
exposures on the coupling between the two
polarizations will be discussed. In addition, the P5.2

radiation response of a new design of polarization- PROCESS ANALYSIS IN THE SYNTHESIS OF FLUOROZIRCONATE
maintaining fibers, consisting of a very lightly Ge- GLASSES, K. Braglia, G. Cocito, M. Ferraris and G.
doped silica core and depressed F-doped silica clad Parisi, CSELT, Torino, Italy

has been measured as a function of stress level.
The effect of variations in the core composition and The synthesis process of high quality
stress on the radiation sensitivity will be reported. fluorozirconate glasses for infrared optical fibres

is far away from optimization: the presence in glasses

(I) E.J. Friebele, L.A. Brambani, M.E. Gingerich, S.J. of OH groups, oxides and oxyfluorides causes high
Hickey and J.R. Onstott, submitted to Appl. Opt. losses, strong crystallizations and unacceptable

scattering values. (1,2)

During a glass synthesis process under nitrogen flow,
IR spectroscopy and x-ray diffraction analyses on
sever starting fluoride mixtures of ZBLAN composition
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with 20-10-5-5% (weight) ammonium bifluoride, have Several glass systems based on AIF 3 have been synthesized
been carried out. IR analysis reveal the presence and fabricated into preforms by controlled melting and
of oxyfluoride and oxide species before melting, rotational casting or rod-in-tube techniques. High optical
especially on samples without ammonium bifluoride, quality preforms have then been drawn into fibers using a

specially modified drawing facility. The drawing tower is
The glass quality has been improved by the addition of enclosed with a vertical glove box in which the levels of both
nitrogen trifluoride as reactive atmosphere during moisture and oxygen are kept below I ppm during the
melting: IR spectre show a strong decrease of OH drawing. The AIF 3 based glass fibers have shown
absorption in glasses prepared with 5-10-201 dramatically superior chemical durability relative to the
(weight) ammonium bifluoride. Electron spin ZrF 4 based glass fibers. Selected optical, mechanical and
resonance measurements (EPR) on gamma-irradiated thermal properties of these fibers will be presented. AIF 3
glasses (5 Mrad) show the presence of the 02 signal,
related with the presence of oxyfluorides or oxides, based glass fibers offer interesting opportunities for short
(3) range applications in the 2-4 micron region of the infrared

such as sensing, remote spectroscopy and laser power delivery.
IR, XRD and EPR measurements on fluoride mixtures and P5.6
the obtained glasses allow a strict control on the
preparation process: this is important in the choice THE CHARACTERIZATION OF INFRARED TRANSMITTING OPTICAL
of times, temperatures and fluorinating agents for FIBERS, R.D. Driver, G.M. Leskowitz, L.E. Curtiss,
the improvement of the glass quality. Work is in D.E. Moynihan and L.B. Vacha, IRIS Fiber Optics, 40
progress in order to investigate other gaseous Nagog Park, Acton, MA 01720

fluorinating agents. (4) The authors will review the methods used to

1. P.W. France, S.F. Carter, M.W. Moore, C.R. Day - characterize infrared transmitting optical fibers.
Br. Telecom Technol. J. 5, 2 (1987) P.28 Emphasis will be placed on identifying potential
2. M. Braglia. M. Ferraris, G. Grego, G. Parisi, F. sources of systematic error in fiber characterization
Taisriol Mat. Res. bull 24, 6 (1989) measurements. Data will be presented on fiber
3. D.L. Griscom, P. Hart, J.M. Jewell, J.R. Shelby - strength for heavy metal fluoride and chalcogenide
J. of Non-Cryst. Sol. 103 (1988) p. 300 fibers. The methodology of fiber loss measurements

4. M.M. Broer. R.M. Atkins - J. Mater. Res. 3, 4 will be discussed. The use of FTIR spectroscopic
(1988) p. 755 techniques for the measurement of fiber loss will be

reviewed. Data will be presented for heavy metal
P5.3 fluoride, chalcogenide, sapphire and silver halide

fibers. Fiber and preparation and fiber cleaving
EFFECT OF COMPOSITIONAL VARIATIONS AND techniques will be reviewed. Data will be presented
PROCESSING ON THE OPTICAL SCATTERING OF on the effects of fiber mode structure on fiber loss
ZBLAN GLASS. A E Neeves, W. A. Reed, M. Chui- measurements. The competing processes of optical loss
Sabourin and A. J. Bruce, ATkT Bell Laboratories, Murray in fiber core, cladding and fiber buffer will be
Hill. NJ. discussed.

Molecular light scattering in the Mie and Rayleigh regime
has been measured as a function of scattering angle at DESIGN PARAMETERS FOR FLUORIDE MULTINODE FIBERS:

wavelengths between 0.6 and 2.6 pm on bulk samples of EFFECTS OF COATING AND BENDING ON LOSS, L.E. Busse and
I.D. Aggarwal, Naval Research Laboratory, Washington,

ZBLAN glasses. The effect of oxide and p-block additions DC
as well as the effect of processing variations on the
scattering have been measured. From an analysis of the The potential for very long length repeaterless
angular scattering of both vertically and horizontally communications networks exists through the use of

polarized beams the Rayleigh ratios, dyssemetry and fluoride optical fibers, with minimum intrinsic

depolarization factors are determined as a function of loss predicted to be 0.01dB/km at 2.5um. Although in
wavelength. The average size of the scattering sites can be principle these fibers must be single mode, in

practice fibers currently being made are multimode, due
estimated in the range of 0.02 and 2.0 pm. to their relative ease for fabrication. Loss effects

due to coatings and bending in multimode fluoride
P5.4 fibers have not been addressed in the literature. In
Origin and Elimination of Scattering Centers In Fluoride Glasses and this paper it will be shown that due to the longer
Fibers. L_ Asgarwl. J. S. Sanhera*. &. Harbison. L. Suse and P. wavelength for fluoride vs. silica fibers, design
Purees, Naval Research Laboratory, Washington, D.C. 20375, parameters for step index fluoride fibers must be
*University of Virginia. Charlottesville, VA 22901 chosen carefully to avoid substantial induced loss due

to typical UV polymer coatings and macrobending.
Fluorozirconate glasses are candidate materials for ultra-low 

loss

optical fiber applications by virtue of their extremely low losses Numerical calculations for fluoride step index fiber
predicted in the mid-lR. In practice, the losses fall far short of
the theoretically predicted value. This has been primarily structures have been made of these induced losses.
attributed to both extrinsic absorption and scattering. While Assuming a vacuum wavelength of 2.5um, ratios of
significant improvements have been sade in reducing the absorption clad/core diameters for > 90% of the modes suffering
losses. the scattering losses still remain quite high. Although loss < .01dB/km were determined for various
scattering losses on short lengths of fibers have given values as numerical apertures and core diameters. In addition,
low as 0.025 dS/ka at 2.55 on, the losses on longer lengths eshibtt total induced losses were calculated assuming various
His or wavelength independent behavior. The following paper/talk made distributions in the fiber. It will be shown
will describe both the nature and the origin of these scattering
species. &aed on this knowledge, the authors subsequently describe that large values of V, the normalized frequency, are
ways to eliminate the scattering centers, needed to reduce such losses. Results of calculations

of a minimum tolerable bond radius for a loss of <

P5.5 10% of the total number of modes suggest that a

large numerical aperture rather than core radius is
FABRICATION OF AIF 3 BASED GLASS FIBERS. M.L generally preferable to achieve large values of V.
.bahriigi. T. lqbal, P.R. Foy and G.H. Sigel, Jr., Rutgers

University, Fiber Optic Material Research Program,
Piscataway, NJ.
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P6. 1 spectroscopy, differential scanning calorimetry,
PREPARATION AND PROPERTIES OF SELENIUM-TELLURIUM thermomechanical analysis and other techniques; such
BASED CHALCOGENIDE AND CHALCOHALIDE GLASS, &,B_ features as spinodal decomposition and phase-
Tuzzolo, D.J. McEnroe and M.G. Drexhage. Galileo separation were observed by scanning and transmission
Electro-Optics Corporation, Galileo Park, PO Box 550, electron microscopy. In carefully studying the Ge-Se
Sturbridge, MA 01566 system, the liquidus curve (reported by H. Isper et

al., 1982) was reexamined; this was found to have an s-
Mid IR wavelengths are a spectral region which is shape at the phase-separation region. Another
significant for military, medical and industrial interesting finding was the dependence of the band-gap
applications. Materials useful for IR transmission energy on composition in (l-x)GeSe " xSb 2Se3 glasses;
require low intrinsic and extrinsic attenuations, this was not a linear relation but a curve with a
chemical durability and resistance to maximum band-gap energy at 9 at .% Sb.
devitrification.

P6.4
Chalcogenide glasses transmit infrared energy in the 2 TELLURIUM HALIDE GLASS FIBER FOR TRANSMISSION IN THE 8-
to 14 micron wavelength region. Addition of 12FM REGION, X.H. Zhang, G. Fonteneau, H.L. Ma, J.
tellurium to selenium based glasses produces Lucas, Laboratoire de Chimie Mindrale D, Universiti de
lower attenuations at longer wavelengths due to a Rennes, Campus de Beaulieu, 35042 Rennes, France
shift in the multiphonon edge. However, with
increased tellurium content, lower transition Glasses in the Te-Br-Se and Te-I-Se systems show
temperatures and decreased stability often result, potential low losses in the 8-12um region. They are
Addition of halogens to chalcogenides very stable against crystallization and against
(chalcohalides) utilizes a steep exponential moisture. The lowest losses of a single fiber at
multiphonon edge to produce a low loss material at 10.6um measured using a CO2  laser, is about 4dB/m.
longer wavelengths. Iodine containing chalcohalides The essential diffusion centers in these fibers have
have been shown to be resistant to devitrification and been proved to be bubbles. Double crucible method
show tailorable transition ranges. was used to obtain fibers with core-cladding

structure. The fiber with double indice shows much
Selenium-tellurium chalcogenide and iodine containing higher losses due to the incompatibility of the
chalcohalide glasses were investigated for remote core-cladding glasses. A power delivery
FTIR and low loss applications. Raw material pre- experiment was made using a single fiber having an
treatment techniques were employed that enable us attenuation of 5dB/m. The power density of about
to produce high purity glasses. bulk glasses 42kw/cm can be injected into the fiber without
were characterized to determine which compositions damaging this fiber.
provide the best properties, as required in today's
commercial market. These measurements will be P6.5
analyzed and the effects of pre-treatment,
melting techniques and compositions will be discussed. NEW STABLE IODIDE GLASSES IN THE Cd-As-

I AND Cd-As-Ge-I SYSTEMS. Jong Jeo and George
P6.2 H. Sigel, Jr., Fiber Optic Materials Research Program,STRUCTURAL PRINCIPLES IN NON-OXIDE Rutgers University, Piscataway, NJ
CHALCOGENIDt,-GLASSES. Hellmut Eckert, David
Lathrop, Mark Drake, Kelly Moran, and Mike Tullius, Non-fluoride halide glasses, especially iodides, are at-active
Department of Chemistry, University of California at Santa candidates for optical fiber and lens materials operating in the mid-
Barbara, Goleta, CA 93106. infrared region. However, their high hygroscopicity and poor thermal

properties pose serious limitations to their practical applications. This
Non-oxide chalcogenide glasses hold great promise for study is focused on the glasses in the Cd-As-I and Cd-As-Ge-I systems
optical waveguide applications in the infrared region. for the purpose of developing water-resistant, thermally stable iodide
Despite the significance of these systems, their structural glasses. Glasses in the former system are ransparent out to 17Mim with
organization is little understood to date. The various models a glass transition temperature of approximately 3000C. Preliminary
used to describe the principles of glass-formation in non- water durability tests using FTIR showed no evidence of aqueous
oxide systems have often been conceptually divergent and corrosion on the glass surface even after 24 hours at 700C. Further,
sometimes contradictory for individual systems. In this partial substitution of Ge for As improved de thermal properties of
contribution, we will present results from a first systematic these glasses. Detailed experimental results on the optical, thermal and
effort to provide structural information for chalcogenide chemical properties will be discussed in comparison with the various
glasses by means of modern, state of the art, solid state NMR types of infrared mmsmitting materials.
techniques. Results will be presented on the systems Si-Se, P6.6P-Se, Ge-P-Se, and P-S. .

STRUCTURAL STABILITY OF TELLURIUM HALIDE GLASSES, La
P6.3 J.L. Yi and Peter R. Strutt, Institute of Materials

Science, The University of Connecticut, Storra, CT,
PROPERTY-COMPOSITION RELATIONSHIP OF CHALCOGENIDE U.S.A.
GLASSES CONTAINING GERMANIUM, Jay J.L. Xi and
Peter R. Strutt, Institute of Materials Science, In quantitative studies of the structural stability of
The University of Connecticut, Storra, CT, USA Ta-Cl and Ta-Br glasses, specific attention has been

devoted to determining the kinetics of their overall
In-depth studies of property-composition relationship crystallization process in terms of time-temperature-
in chalcogenide glasses have revealed previously transformation curves. This was established by using
undiscovered structural features. For example, differential scanning calorimetry; the same technique
specific discoveries in the Ge-Se-Sb and similar was used to determine the glass composition range in
systems were of (i) metastable phase separation for which chemical decomposition occurs at elevated
glasses with a high Se or S content (>70 at .%), and temperatures. The calorimetric studies reveal that the
(ii) abnormal behavior of some structural-sensitive tendency of crystallization or thermal decomposition of
properties (e.g. optical band-gap energy) for glasses these glasses is related to phase-diagram
with So or S in the range of 60-70 at .%. Structural characteristics. Furthermore, results of x-ray radial
and property characterization of the glasses distribution analysis of some of these glasses also
involved using fourier transform infrared indicated similar relationships. It seems that the
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atomic arrangement of these glasses is not an idealized copolymerization technique where methyl methscrylate (MMA)
random arrangement as described by the classic and vinyl phenylacetate (VPAc) were placed in a PMMA tube
Zachariaen-Warren model. Underlying causes for this and the copolymer phase was gradually formed from the gel
deviation from a perfect random arrangement to one phase on the inner wall of the tube, changing the radial
involving a degree of ordering (structural groups) is composition of copolymer. The total scattering loss of the GI

F discussed, preform rod was less than 100 dB/km. The refractive index

distribution of the GI plastic optical fiber was almost
P6.7 quadratic against the distance from the center axis, and the

LASER IRRAI)IATION STUDIES OF IR-TRANSMI'FING numerical aperture was 0.21.
CIIALCO-IIALII)E (GLASSES. Jean-Luc ADAM, Carmen ORTIZ,
Jesse R. SALEM, IBM Research Division, San Jose, CA, U.S.A; Novel optical functional polymers were synthesized and

Xiang-liua ZIIANG, Universit6 dc Rcnnes I, Rennes, FRANCE. characterized. Birefringence-free copolymer glasses which
are quite transparent and homogeneous were prepared by the
radical copolymerization of two monomers (MI and M2) giving

The search for materials which transmit at the CO 2 wavelength has positive- and negative- birefringent homopolymers,
led to the discovery of new glasses based on tellurium and selenium respectively. Since the anisotropic polarization of the MI
and a halogen (Br,CI or 1). Because they transmit the 10.6um line of monomer units is compensated by the M2 monomer units on the
the CO 2 laser, can be drawn into fibers and can be deposited as thin same polymer chain, the birefringence of the copolymer is zero

films , these materials have a tremendous potential for IR optical ap- on the length scale of several monomer units for any degree of
plications, orientation. Optically active amorphous polyacrylate glasses

which act as new polarization modulators were synthesized.

We have deposited amorphous thin films of the TeSeBr system by The application of these glasses for the rotation of the linear

RF sputtering. We have studied for the first time laser irradiation of polarization phase and for the conversion of linear

these thin films under experimental conditions which range from 20 polarization to circular polarization which is different from

to 300mW absorbed power and from lOOns to Is laser pulse length. the conventional principle of using inorganic crystals is

In some compounds, we have been able to induce structure changes discussed.

for pulse lengths of 200ns or longer. For other compositions no P7.3
crystallisation was observed by TEM except when annealed by the
electron beam. We have measured the optical properties in the visible SILICA-BASED SINGLE-MODE WAVEGUIDES AND THEIR

of these materials and their change induced by laser irradiation. We APPLICATIONS TO INTEGRATED-OPTIC DEVICES. N.

have measured their glass and melting temperatures as well as their Takato and A. Sugita, NTT Opto-electronics

calorimetric paramctcrs.ihese were used in calculations oF heatflow Laboratories, Tokai, Ibaraki-ken, Japan

at the surface and into the sample which gave good agreement with
our experimental results. Low-loss SiO2-based single-mode waveguides are

fabricated on Si substrates by flame hydrolysis
P6.8 deposition and reactive ion etching.

MECHANICAL STRENGTH OF LOW-DIMENSION GLASS
FIBERS. K. A.Cerqu, E. C. Behrman and w. C. The waveguides loaded with a thin film heater op-
LaCourse, New Yr State College of Ceramics at erate as a phase shifter due to the refractive
Alfred University, Alfred, NY. index dependence on temperature. The response

Chalcogenide glasses present a unique time is relatively fast, 1 msec, because of the

opportunity for the study of t'e effect of Si substrate heat sink. A novel phase shifter

dimensionality on the properti of amorphous with an adiabatic structure preventing thermal
systems. We present here result. of our diffusion to Si are also proposed for reduction
experiments on fibers of these materials, of driving power.
Strength in these fibers is related both to
dimensionality, which is a continuously Another important feature of the S1O2 and Si
variable function of composition, and to Antr iporn ftre ofn te SiiefandeSi
drawing conditions, which produce ordering, combination is large stress-induced birefringence
A theoretical model incorporating both these of the waveguide due to the difference in thermal

effects is proposed and discussed, expansion coefficients of these materials. Laser
trimming adjustment of waveguide birefringence is

P7.1 proposed for constructing various polarization

ADVANCE OF PLASTIC OPTICAL FIBERS. Fumio Ide. Mitsubishi Rayon insensitive and sensitive devices.

Co.. LTD.. Chuo-ku. Tokyo Japan; and Takashi Yamamoto.
Mitsubishi Rayon Co.. LTD.. Ohtake City Hiroshisa-ken. Japan. Using these waveguide technologies, we have

successfully developed not only passive devices

Plastic optical fibers, which are easier for handling and such as couplers and demultiplexers but also
processing as well as cheaper in comparison with quartz type active devices such as optical switches, tunable
optical fibers, are calling strong attention for short distance ring resonators, and optical frequency selection
optical communication system. switches.

Progress of plastic optical fibers is reviewed. Furthermore P7.4
their recent trend of development and their furture prospect are POTENTIAL APPLICATION OF Bi(Pb)-Ca-Sr.Cu-O
discussed. GLASSES FOR PREPARATION OF INTEGRATED
P7.2 OPTICAL FIBERS. Hliaing .Z.hng and J.D.Mackenzie, Department

of Materials Science and Engineering, University of California-Los

LOW-LOSS GI PLASTIC OPTICAL FIBER AND NOVEL OPTICAL Angeles, Los Angeles, CA90024
POLYMERS. Yasuhiro Kolke and Yasuji Ohtsuka, Kelo
University, 3-14-1 Hiyoshi, Kohoku-ku. Yokohama 223, Japan. Incorporation of an optical system (source, guides, modulates and

detectors) into a fiber has great potential of applications. Bi 203-based

Low-loss GI plastic optical fiber in which the attenuation of glasses are one of important systems for preparation of this type of

transmission was less than 200 dB/km near 650 nm wavelength integrated fibers. Bi(Pb)-Ca-Sr-Cu-O glasses are infrared ansmtting
was successfully obtained by heat-drawing preform rod. from 1.5 micron to 7.o micron. Their refractive indices ame in the vicinity

This rod was prepared by a new interfacial-gel of 2.9. Bi(Pb)-Ca-Sr-Cu-O glasses become superconducting afterl

549



crystallization. This superconducting glass ceramics can used as the dependence of the OH- sites are different. The effects of protons in
optical detectors based on the principle that photos will break the Cooper- KTP on the dielectric properties, ionic conductivity, and damage
pair electrons (superconducting electrons) and the materials change from susceptiblity have been studied. The relationship of the position and
superconducting to normally resistive. In this paper, the primary temperature dependence of the OH- sites in the lattice to the
experimental results on (1) optical transmission; (2) fluorescence; and (3) observed properties is discussed.
electrical response of the Bi20 3-based superconductors to the photos will!
be presented. The potential of Bi20 3-based glasses for preparation of P8. 4
integrraed opical fibers will be discussed. EXTENDED X-RAY ABSORPTION FINE STRUCTURE STUDY OF

P8.1 KNBO3 , K.H. K i (Naval Research Laboratory-National
Research Council cooperative research associate), W.T.

GROWTH OF OPTICAL QUALITY SAPPHIRE SINGLE CRYSTAL Elam, E.F. Skelton (Naval Research Laboratory)
FIBERS, D.H. Jundt, M.M. Fejer and R.L. Byer, Applied
Physics Department, Stanford University, Stanford, CA Extended x-ray absorption fine structure of KNbO3 was

measured at the K edge of Nb, at various temperatures

to include all phases of the material. KNbO3 has theVoid-free sapphire single crystal fibers with cubic perovskite structure and exhibits four distinct
diameters of llOum and 60um and lengths of over 2m phases. Understanding the nature of its transitions
have been grown by the laser-heated pedestal growth will enhance the understanding of ferroelectrics in
method. The growth dynamics of the floating zone general. The experiments were done at NSLS X23A2
was studied and agrees well with theoretical beamline in transmission mode and the data show
predictions. The minimum loss of O.5dB/m was measured excellent signal to noise ratio.
in the near infrared at 1064nm. An absorption band
centered at 400nm results in losses of up to 20dB/m The first shell data were analyzed to determine the
in the visible. The fibers have potential applications distances between Nb and 0 atoms. The siygle shell
in high temperature thermometry and in delivery amplitude almost vanishes at k - 7.4 A- at all
systems for laser surgery. Absorption losses o temperatures, indicating two distances with a
0.88dB/m with a damage threshold higher than 1.2.kJ/cmi separation of about 0.21 A. Nonlinear fitting was
at 2936nm made tissue ablation feasible with fibers used to determine the structure more carefully and data
several meters in length. at all temperatures can be fit reasonably well with two
P8.2 Nb-O distances. This is in disagreement with the

displacive model which implies only one Nb-O distance
THE GROTH AND CHARACTERIZATION OF T NGSEN BRONZE in the cubic phase and three distances in the
STRONTIUM BARIUM NIOBATEE SINGLE CRYSTAL FIBERS. tetragonal and orthorhombic phases.Cubic phase data cannot be fit with only one Nb-O
JgM Yamto and Amer Phalla, Materials Research distance. Tetragonal and orthorhombic phases data

oato4, The Penns/lvania Stat. Unerity, Unversity can be fit with three Nb-O distances, but the fit isnot as good as two-distance fit.
Park, PA

The results suggest that the Nb atom is displaced along
(111) direction relative to the 0 atoms in all

Ferroecric strontumbarum niobate (SrxBa 1.xNb 2O) phases. Thus, the transitions are not displacive,
but have a strong order-disorder character. Moresingle crystal fibers have been grown usingalaser heated quantitative analysis is being done to determine the

pedestal technique (LHPG). Sr5Bal.,Nb 2Os crystals have distances accurately.

appealing photocefractive properties, and potential use i P8. 5
optical prsing, data storage, and sensor pplications. ANALYSIS OF THERMAL VARIATION OF LENGTH AND

REFRACTIVE INDEX OF LEAD FLUORIDE TO STUDY ITSPreviously, thesecrystalshaveonlyboongrown lnbulkform OPTICAL PROPERTIES. Tarlok S. Aurora, Philadelphia
by teCzochralskl techniquewhere amajordrawbackin College of Pharmacy and Science, Philadelphia, PA;

Donald 0. Pederson, university of Arkansas,
thes crystals is the presene ofcopoitionalstratons, Fayetteville, AR; Stephen M. Day, Miami University,

Oxford, OH.

Single crystal fibers of compositions wthin the solid
solutionrrange(x-O.25tox.O.75)weregrown. Details of the we have measured thermal expansion and refractive

lThelffstotdierent index variation in lead fluoride using a lasergrowthtechniquewillbepreseed. Ttinterferometer as a function of temperature. Data
growthparametersontheresulingcrystalqualityandttcr has been analyzed using Lorentz-Lorenz relation.

Molecular polarizability, band gap and strain-ffect on property mesuremntswllalsobepdiscussed. polarizability parameter are studied as a functicn
Composltonal striationsworsnotdetected inthe of temperature. They show a small variation with
SrBalNb2Osinglecrystalfis. temperature. Near the superionic phase transition,

the variation appears to be more Pronounced. The
P8.3 results will be compared with those available for

PROTON EFFECTS IN KTiOPO4. PA. Morris. M.K. Cawford, other fluorides.

M.G. Roelofs, i.D. Bierlein, E.I. du Pont de Nemours & Co, P9.1
Inc. Experimental Station, Wilmington, DE 19880, G. Gashurov, MATERIALS ANII PROCESSING REQUIREMENTS FOR EFFICIENT
Airtron, Litton Systems, Inc., 200 E. Hanover Ave., Morris FIBER OPTIC NONLINEAR DEVICES, 1.H. Stolen, AT&T Bell
Plains, NJ 07950. Laboratories, Holmdel, NJ 07733
KTiOPO4 (KTP) is an optical crystal presendy used for second
harmonic genention and elecvro-optic applications. Defects have Nonlinear optics in an optical fiber can be used to
been studied in KTP crystals grown by the high and low make a variety of devices for the amplification or
temperaturwe hyrohrmal and flux techniques. Thedominantdefects control of light. What keeps these devices out of the

presentinKTP crystalsgown bythehydrothertalstchniquesare realm of practical application is the need for new
protons. While the concentrations of protons inc ystals grown by materials and improvements in the guiding geometry
the various techniques is similar, the distribution and temperature itself. The problem is that even an enhancement such
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as optical fiber interaction length does not bring the We have fabricated optical fibres from both

power requirements down to the l-lOOnW range desired commercially-available and new multicomponent glass

for compatibility with semiconductor laser sources, melts. With care and close attention to glass matching

The moat obvious approach Is to try to replace the and processing conditions, fibres with losses close

fused silica of the optical fiber core with a glass to the intrinsic loss of the bulk-glass precursors

of large nonlinear response. This has proved to be are obtainable using a modified rod-in-rube

difficult because improvements in nonlinear response technique. The flexibility of the fabrication method

seem to go along with linear loss, processing provides a wide range of fibre designs for application

problems, and optical damage. The second approach in fibre devices, fibre sensors and fibre lasers.

which is now receiving more attention is to try to

modify the properties of the guide itself both to F-series and SF-series glasses exhibit a useful

increase the efficiency of the interaction and to combination of enhanced Verdet constant and high

optimize the fiber for the specific nonlinear device, third-order nonlinearity. Fibres for nonlinear
devices and fibre sensors have been fabricated from

P9.2 these glasses and the results of device testing will

CONCENTRATION AND DISTRIBUTION OF ER AND AL IN SILICA- be presented.

BASED FIBERS. D.W. Oblas. T. Wei, W.J. Miniscalco
and B.T. Hall. GTE Laboratories, Inc., Waltham, MA P9.4

02254 CLASSES FOR Er3+-DOPED FIBER LASERS AND OPTICAL
AMPLIFIERS. WJ. Miniscalco, L.J. Andrews, S. Zemon,

Rare earth doped optical fibers are now being widely B.T. Hall, T. Wei, R.C. Folweiler; CTE Labs., Inc., 40

investigated for their usef. as lasers and Sylvan Rd., Waltham, MA 02254.

amplifiers. Silica-based Er +-doped fibers offer

the most potential for an optical amplifier in Widespread interest in Er3*-doped optical fiber devices

telecommunications applications. In order to refine has been stimulated by reports of excellent performance

the fabrication process and to optimize device for fiber lasers and amplifiers at 1.5 pm. The fibers

performance, it is important to determine the have been made from silica codoped with combinations of

concentrations and the distribution of Er along and germanium, phosphorus, and aluminum, or from

across the fiber core as a function of process fluorozirconate glass. Although there have been some

parameters. Furthermore, more accurate measurements of the sensitivity of the gain and excited

concentrations and Er profiles can improve the state absorption to codopants in silica fiber, the role

comparison of the cross sections among various Er- of glass composition has not been extensively

doped glasses. documented. Because the gain and signal/noise ratio of

three-level devices are quite sensitive to the relevant

Secondary ion mass spectrometry (SIMS) was used to cross sections, we have undertaken an investigation of

measure the Er and Al distributions across and the optical characteristics of Er as a function of

along Al/Er-codoped silica fibers and preforms prepared glass composition. The stimulated emission cross

by a solution doping technique. Special (low section at 1.5 pm and the absorption cross sections

melting) glass standards, containing known throughout the UV, visible, and infrared have been

concentrations of Er, were prepared and used to measured for silica, silicate, phosphate,

calibrate the spectrometer to obtain the Er fluorophosphate, and heavy metal fluoride glasses.

concentration quantitatively. It has been Silica was found to have the smallest oscillator

determined that the Er concentration varies along strength (-60 nm). Fluorophosphates are an

the core from 1260ppm to 530ppm by measuring three intermediate case with bandwidths that increase with

slices of the preform one-half inch apart. However, increasing fluorine to oxygen ratio. A notable

the Al concentration is more constant both across and exception to the general trend is Al-doped silica which

along the core of these samples. Results will be has a bandwidth as large as a fluorophosphate. Low

presented for preforms prepared under a variety of temperature photoluminescence and excitation spectra

conditions and with different codopants. have been used to determine the magnitude of the Stark

splittings and the inhomogeneous widths of the

The concentrations were used to calculate Er individual transitions. Because the overall Stark

emission and absorption cross sections which will splittings are large (-400 cm1) compared to the

be compared to the values obtained independently inhomogeneous width (-l0 cm-1), the behavior of the

through decay measurements, system is expected to be largely homogeneous. The

comparative advantages and disadvantages of the

P9.3 different glass compositions in active fiber
applications will be discussed.

APPLICATION-SPECIFIC 
OPTICAL FIBRES MANUFACTURED 

FROM

MULTICOMPONENT GLASSES, E.R. Taylor. M. Tachibana. P9.5

J. Wang and D.N. Payne, Optical Fibre Group, EXCITED STATE CROSS SECTIONS FOR Er-DOPED GLASSES. j.
Department of Electronics and Computer Science, Zemo , G. Lambert, W. J. Miniscalco, L. J. Andrews, and

University of Southampton, Southampton S09 5NH, UK B. T. Hall. GTE Laboratories Inc. , 40 Sylvan Road,

To date, silica has been widely used in special fibres Waltham, A 02254

for sensors, nonlinear optics and rare-earth-doped Ebrium has been shown to be an important dopant for

lasers and amplifiers. However, multicomponent fiber lasers and amplifiers operating at 1550 nm.

glasses have a number of advantages in areas where low However, excited state absorption (ESA) occurs in

loss is not essential, since they can have several of the principal pump bands and is a major

enhanced magnetic, electric and acoustic impediment to device implementation. In particular,

responses. Furthermore, their third-order non- for Er
3
l-doped silica fibers pumped with AlGsAs diode

linear coefficients can be an order of magnitude lasers, strong ESA at i800 no seriously degrades

large. As rare-earth host materials, they allow performance. We present the results of ESA experiments

tailoring of the local ionic environment which on four glass compositions potentially useful for

produces major changes in spectral properties, active fiber devices, i.e., phosphates,

excited-state absorption, fluorescent lifetime and fluorophosphates, heavy-metal fluorides, and silicates.

emission cross-sections. To our knowledge, Er
3 

ESA has not been reported for

glasses other than silica. A 647-na pump and a dye-

laser probe were employed to make the measurements in a
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collinear configuration. Data were taken on bulk

material because of the difficulty of synthesizing
fibers for a large number of glasses. Saturation

effects were used to estimate the population inversion

and thus convert absorption data into cross sections.

Data on ESA cross sections (a.) and ground state

absorption cross sections (a ) will be presented for

the region between 780 and 90d0 nm, which includes ESA

bands at -800 and -850 nm. In the 800-nm band o=a
for the phosphates, fluorophosphates, and silicates.
The heavy metal fluorides were found to have

substantial populations in the upper excited states for

our measurement conditions and ESA transitions

originating from several of these states were

identified. It is interesting to note that the

oscillator strength of the 800-nm ESA band is at least

a factor of four greater than that of the 850-nm band

for all samples tested. These results will be compared

to a calculation based upon the Judd-Ofelt
approximation.

P9.6

RARE EARTH' DOPED FIBERS, Elias Snitzer, Rutgers

University. Fiber Optic Materials Research Program.

PO Box 909, Piscataway, NJ 08855-0909

With diode and other laser sources, a number of rare

earth transitions have been made to lase CW in end

pumping of low loss silica or fluoride fibers. The

latter is particularly interesting because its lower

energy phonon spectrum permits efficient fluorescence

from ore than one level in some rare earths, such as

Er and Tm. which gives added laser transitions

and more efficient upconversion. The types of

laser operation and fiber configurations will be

reviewed.

P9.7

INFRARED SPECTROSCOPY OF PROTONS IN KTiOPO4
M ... aLwfo, P. A. Morris, M. Roelofs, E. I. du Pont de
Nemours & Co., Experimental Station, Wilmington, DE 19880
G. Gashurov, Airtron, Litton Systems. Inc., 200 E. Hanover
Avenue, Morris Plains, NJ 07950

KTiOP04 (KTP) is a new nonlinear optcal material which is finding
considerable use in frequency generation and electro-optics. KTP
can be grown hydrothermally or by flux methods, but the resulting
materials ar found to have different ionic conductivities and damage
susceptibilities. We have undertaken a detailed infrared study of
materials prepared in various ways, including temperature dependent
observations, which illustrate distinct differences between samples.
In particular, H defects, which exist in KTP as isolated OH' ions,
have complex polarized infrared spectra indicative of the number of
distinct oxygen sites in the crystal. Both the H site distribution and
the temperature dependences of the infrared linewidths for different
OH" sites are observed to vary in a reproducible and characteristic
manner from sample to sample. Interpretation of the observations
will be presented.

OP'CAL ABSORPTION AND EMISSION IN RARE
EARTH DOPED HEAVY METAL FLUORIDE GLASSES.
R. Pachek, E. Snitzer and G.H.Sigel Jr., Fiber Optic
Materials Research Program, Rutgers Univ., N.J., 08854

Heavy metal fluoride glasses of ZBLAN composition have
been selectively doped with varying concentrations of selected
rare earth ions. The characteristics of both the emission and
absorption spectra have been measured and contrasted with
those of oxide glasses. Particular attention has been given to
important laser parameters such as quantum efficiency, excited
state lifetimes and concentration quenching versus rare earth
concentration. In addition, the effects of co-doping the rare
earths into the host glass have been studied. The potential
implications of the work for laser device optimization will be
discussed.
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ELECTRICAL, OPTICAL, AND MAGNETIC 11:45 02.3
PROPERTIES OF ORGANIC SOLID STATE MATERIALS FERROMAGNETIC INTERMOLECULAR INTERACTION AND

CRYSTAL STRUCTURE OF a-NITRONYL NITROXIDL,
November 27 - December 1, 1989 Kunio Awaga, Tamotsu Inabe and Yusei

Maruyama, Institute for Molecular Science,
SESSION 01: PLENARY SESSION Okazaki, Japan.

Chair: Donald R. Ulrich
Monday Morning, November 27 SESSION 03: CONDUCTING POLYMERS (I:

Essex South (W) POLYANILINE
Chair: Alan G. MacDiarmid

8:20 OPENING REMARKS Monday Afternoon, November 27
Essex South (W)

8:30 *01.1
CAN THE ORGANIC SOLID STATE PROVIDE THE NEXT 1:15 *03.1
GENERATION OF ELECTRICAL, OPTICAL AND MAG- THE POLYANILINES: A NOVEL CLASS OF CONDUCT-
NETIC MATERIALS, Dwaine 0. Cowan, The Johns ING POLYMERS, A.G. MacDiarmid, University of
Hopkins University, Department of Chemistry, Pennsylvania, Department of Chemistry,
Baltimore, MD. Philadelphia, PA; A.J. Epstein, The Ohio

State University, Department of Physics and
9:00 *01.2 Department of Chemistry, Columbus, OH.

STABLE AND PROCESSIBLE CONDUCTING POLYMERS:
OPPORTUNITIES FOR SCIENCE AND TECHNOLOGY, 1:45 *03.2
Alan J. Heeger, University of California, POLYANILINE: AN OLD POLYMER WITH NEW PHYS-
Santa Barbara, Institute for Polymers and ICS, A.J. Epstein, The Ohio State Univer-
Organic Solids, Santa Barbara, CA. sity, Department of Physics and Department

of Chemistry, Columbus, OH; and A.G. Mac
9:45 *01.3 Diarrid, University of Pennsylvania, Depart-

NONLINEAR OPTICAL POLYMERS: CHALLENGES AND ment of Chemistry, Philadelphia, PA.
OPPORTUNITIES IN PHOTONICS, A.F. Garito,
J.W. Wu, University of Pennsylvania, Depart- 2:00 03.3
ment of Physics, Philadelphia, PA; G.F. LOW ENERGY ELECTRONIC TRANSITIONS OF POLARON
Lipscomb and R. Lytel, Lockheed Palo Alto BANDS IN POLYANILINE, Sze Cheng Yang, Dan
Research Laboratory, Palo Alto, CA. Zhang and Richard Cushman, University of

Rhode Island, Department of Chemistry,
10:30 BREAK Kingston, RI.

SESSION 02: ORGANIC FERROMAGNETS fl) 2:15 03.4
Chair: Fred Wudl AQUEOUS COLLOIDAL DISPERSIONS OF POLYANILINE

Monday Morning, November 27 PARTICLES, S.P. Armes and M. Aldissi, Los
Essex South (W) Alamos National Laboratory, Materials Sci-

ence and Technology Division, Los Alamos,
10:45 *02.1 NM.
ELECTRON-DONATING RADIALENES. POTENTIAL
DONORS FOR MOLECULAR ORGANIC (SUPER)CONDUC- 2:30 03.5
TORS AND FERROMAGNETS, Zen-ichi Yoshida, INTERCALATIVE POLYMERIZATION OF CONDUCTIVE
Toyonari Sugimoto and Yoji Misaki, Kyoto POLYMERS IN LAYERED INORGANIC HOSTS,
University, Department of Synthetic Chemis- Mercouri G. Kanatzidis, Chun-Guey Wu, Michi-
try, Kyoto, Japan. gan State University, Department of Chemi-

stry and Center for Fundamental Materials
11:15 02.2 Research, East Lansing, MI; Henry 0. Marcy,
SYNTHESIS OF BULK HIGH SPIN DENSITY ORGANIC Donald C. DeGroot and Carl R. Kannewurf,
SOLIDS AS PRECURSORS TO ORGANIC FERROMAG- Northwestern University, Department of
NETS, Long Y. Chiana, Exxon Research and Electrical Engineering and Computer Science,
Engineering Company, Corporate Research Evanston, IL.
Laboratory, Annandale, NJ; Ravindra B.
Upasani, Princeton University, Department of 2:45 03.6
Physics, Princeton, NJ; Dave P. Goshorn, EXTREME OXIDATION OF POLYTHIOPHENES, POLY-
Exxon Research and Engineering Company, Cor- PYRROLES, AND POLYANILINE: FINITE POTENTIAL
porate Research Laboratory, Annandale, NJ. WINDOWS OF HICH CONDUCTIVITY, David Ofer,

Richard M. Crooks, and Mark S. Wrighton,
Massachusetts Institute of Technology,
Department of Chemistry, Cambridge, MA.

*Invited Paper 3:00 BREAK
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3:15 03.7 SESSION 04: ORGANIC SUPERCONDUCTORS AND
CHEMICAL AND PHYSICAL STUDIES OF SOLUBLE ORGANIC METALS (I)
PART OF EMERALDINE: ELECTRONIC AND MAGNETIC Chair: Gun2i Saito
PROPERTIES OF SHORT CHAIN SPECIES, R. Tuesday Morning, November 28
Laversanne, Centre de Recherche Paul Essex South (W)
Pascal/CNRS, Pessac, France.

8:30 *041
3:30 03.8 PREPARATION AND PROPERTIES OF ORGANIC SUPER-

POLYANILINE AS A REVERSIBLY SWITCHABLE CONDUCTOR r,-(BEDT-TTF) 2Cu(NCS)2 AND ITS
MATERIAL, W.-R. Shieh, S.C. Yang, University RELATED MATERIALS, Gunzi Saito, The Univer-
of Rhode Island, Department of Chemistry, sity of Tokyo, The Institute for Solid State
Kingston, RI; and C. Marzzacco, Rhode Island Physics, Tokyo, Japan.
College, Department of Physical Sciences,
Providence, RI. 9:00 *04.2

FERMI SURFACE OF ORGANIC METALS 0-(ET)2IBr 2
3:45 03.9 AND 0-(ET)2I 3 STUDIED BY MEANS OF GALVANO-

MOISTURE EFFECTS IN THE CONDUCTING POLYMER, MAGNETIC MEASUREMENTS, V.N. Laukhin, M.V.
POLYANILINE, J.P. Travers, C. Menardo and M. Kartsovnik, S.I. Pesotskii, USSR Ac. Sci.,
Nechtschein, CENG, Grenoble, France; S.K. Institute of Chemical Physics,
Manohar and A.G. MacDiarmid, University of Chernogolovka, USSR; P.A. Kononovich and
Pennsylvania, Department of Chemistry, I.F. Schegolev, USSR Ac. Sci., Institute of
Philadelphia, PA. Solid State Physics, Chernogolovka, USSR.

4:00 03.10 9:30 *04.3
SPECTROSCOPIC AND MOLECULAR WEIGHT STUDIES SUPERCONDUCTING AND NORMAL STATE PROPERTIES
OF POLYTOLUIDINES, Y. Wei, K.F. Hsueh, OF BEDT-TTF BASED ORGANIC METALS, Madoka
Drexel University, Department of Chemistry, Tokumoto, K. Murata, N. Kinoshita, H. Bando,
Philadelphia, PA; A. Ray, A.G. MacDiarmid, K. Yamaji and H. Anzai, Electrotechnical
J. Dykins, University of Pennsylvania, Laboratory, Ibaraki, Japan.
Department of Chemistry, Philadelphia, PA;
and A.J. Epstein, The Ohio State University, 10:00 04.4
Department of Physics, Columbus, OH. HUBBARD PARAMETERS IN (BEDT-TTF)2X CRYSTALS,

Oliver H. LeBlanc, Jr., Margaret L. Blohm,
4:15 03.11 and Richard P. Messmer, General Electric

ELECTRICALLY CONDUCTIVE COMPOSITE OF POLY- Corporate Research and Development, Schenec-
ANILINE AND POLY(p-PHENYLENE-TEREPH- tady, NY.
THALAMIDE), Xian-Tong Bi, Chun Wang and
Jing-sheng Bao, Academia Sinica, Institute 10:15 BREAK
of Chemistry, Beijing, China.

10:30 04.5
4:30 03,12 SPECIFIC HEAT MEASUREMENTS ON K-(BEDT-TTF) 2-

INFRARED REFLECTION-ABSORPTION STUDY OF Cu(NCS)2 , R.G. Goodrich and Jing-chun Xu,
ANILINE ELECTROPOLYMERIZATION ON STAINLESS Louisiana State University, Department of
STEEL, F. Gaillard and G. Bouyssoux, Univer- Physics and Astronomy, Baton Rouge, LA;
site Claude Bernard-LYON I, Departement de Margaret Blohm and Oliver LeBlanc, General
Chlmie Appliquee et Genie Chimique, Villeur- Electric Research and Development Center,
banne, France; and S.N. Kumar, I.N.S.A. Schenectady, NY.
LYON, Laboratoire de Physique de la Matiere,
I.N.S.A. LYON, Villeurbanne, France. 10:45 04.6

PRESSURE DEPENDENCE OF THE STRUCTURAL AND
4:45 03.13 ELECTRONIC PROPERTIES OF ORGANIC SUPERCON-

ELECTRICAL PROPERTIES OF POLYANILINE-POLYMER DUCTORS, Daniel Chasseau, Jacques Gaultier,
COMPOSITE FILMS, Kecheng Gong and Long-gui Hamid Houbib, CNRS, Universite de Bordeaux
Zhong, South China University of Technology, I, Laboratoire de Cristallographie, Talence,
Department of Polymer Science, Guangzhou, France; Laurent Ducasse, CNRS, Universite de
China. Bordeaux I, Laboratoire de Physico-Chimie

Theorique, Talence, France; Mohammed Kurmoo
and Peter Day, Inorganic Chemistry Labora-
tory, Oxford, United Kingdom.
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11:00 04.7 1:45 05.3
THIN FILM FORMATIONS OF CHARGE TRANSFER BRIDGED MACROCYCLIC TRANSITION METAL COM-
COMPLEXES WITH METALLIC PROPERTIES BY VACUUM PLEXES, A NEW TYPE OF SEMICONDUCTING MATER-
EVAPORATION METHODS, M. Yudasaka and K. IALS, Michael Hanack, Andreas Hirsch, Armin
Nakanishi, Yokohoma National University, Lange, Manfred Rein, Gunter Renz und Petra
Department of Materials Chemistry, Faculty Vermehren, der Universitat Tabingen, Lehrst-
of Engineering, Yokohama, Japan; H. Yamochi uhl fur Organische Chemie II, Institut fir
and G. Saito, University of Tokyo, Institute Organische Chemie, Tubingen, West Germany.
for Solid State Physics, Tokyo, Japan.

2:00 Q5.4
11:15 04.8 UNIAXIAL STRESS EFFECTS ON OPTICAL ABSORP-
SYNTHESIS, CRYSTAL STRUCTURE AND SPECTRO- TION SPECTRA OF HIGHLY ORIENTED IODINE DOPED
SCOPIC STUDIES OF NEW CT COMPOUNDS OBTAINED PHTHALOCYANINE FILMS, Hiroaki Tsuvosi,
BY REACTION OF TTF AND THE POLYOXOANION Masako Yudasaka, Masatoshi Tanaka, Kazumi
[Mo 6019

2 -, D. Attanasio, C. Bellitto, M. Nakanishi, and Susumu Kurita, Yokohama
Bonamico, V. Fares, P. Imperatori, and S. National University, Faculty of Engineering,
Patrizio, ITSE, CNR, Monterotondo (Roma), Yokohama, Japan.
Italy.

2:15 05.5
11:30 04.9 DISCOTIC LIQUID CRYSTALLINE PORPHYRINS:
A NEW SYNTHETIC METAL PRECURSOR: DIMETHYL- PHOTOPHYSICAL AND PHOTOELECTRICAL PROPERTIES
TETRATHIOTETRACENE AND RELATED COMPOUNDS, OF LARGE-AREA CRYSTALLINE FILMS, Brian A.
Toshio Maruo, Megh Singh and M. Thomas Gregg, University of Texas at Austin, De-
Jcnes, University of Missouri, St. Louis, partment of Chemical Engineering, Austin,
Department of Chemistry, St. Louis, MO. TX; Marye Anne Fox and Allen J. Bard, Uni-

versity of Texas at Austin, Department of
11:45 04.10 Chemistry, Austin, TX.
TETRANITROQUINODIMFTHANE (TNQ) - ELECTRON-
DEFICIENT PROTOTYPE FOR A NEW SERIES OF 2:30 BREAK
ORGANIC SOLID STATE MATERIALS, David J.
Vanderah, Richard A. Hollins, Arnold T. SESSION 06: CONDUCTING POLYMERS (II):
Nielsen, and Chris Baun, Naval Weapons POLYHETEROCYCLICS
Center, Research Department, China Lake, CA. Chair: Arthur J. Epstein

Tuesday Afternoon, November 28
SESSION 05: ORGANIC METALS (II) Essex South (W)

Chair: Michael Hanack
Tuesday Afternoon, November 28 2:45 06.

Essex South (W) LANGMUIR-BLODGETT FILMS OF CONDUCTING POLY-
MERS, T.A. Skotheim, X.Q. Yang, J. Chen,

:00 *05.1 H.S. Lee, Brookhaven National Laboratory,
HIGHLY CONDUCTING COMPLEXES OF METALS WITH Upton, NY; Y. Okamoto, Polytechnic Univer-
arit AND dddt DITHIOLATE LIGANDS, E.B. sity, Brooklyn, NY; M.L. denBoer, Hunter
Y-ubskii, A.I. Kotov, L.I. Buravov, A.G. College of CUNY, New York, NY; M.F. Rubner,

Khomenko, USSR Ac. Sci., Institute of Chemi- Massachusetts Institute of Technology,
cal Physics, Chernogolovka, USSR; V.E. Cambridge, MA; S. Tripathy, University of
Fhklover, S.S. Nagapetyan, Yu.T. Struchkov, Lowell, Lowell, MA.
.-S-R Ac. Sci., A.N. Nesmeyanov Institute of
Lruanoelement Compounds, Moscow, USSR; and 3:00 06.2
:.:'u. Ukhin, Rostov State University, In- LANGMUIR-BLODGETT MULTILAYER THIN FILMS OF

tZtute of Physical and Organic Chemistry, ELECTRICALLY CONDUCTIVE POLYMERS, M.F.
:cxsov, USSR. Rubner, I. Watanabe, K. Hong and R. Rosner,

Massachusetts Institute of Technology,
.:10 *05.2 Department of Materials Science and En-
E ELECTRICALLY CONDUCTING SOLIDS BASED ON gineering, Cambridge, MA.

":CKEL(II) - BIS(l,3-DITF.IOLE-2-THIONE-4,5-
DISELENOLATE), A.M. Kini, H.H. Wang, M.A. 3:15 06.3
Benc, U. Geiser, A.J. Schultz, K.D. Carlson, HETEROCYCLIC POLYMERS AND COPOLYMERS WITH
and J.M. Williams, Argonne National Labora- CONTROLLED OPTOELECTRONIC PROPERTIES, Jose
tory, Chemistry and Materials Science Divis- P. Ruiz, Kasinath Nayak, Dennis S. Marynick,
cns, Argonne, IL. and john R. Reynolds, The University of

Texas at Arlington, Center for Advanced
Polymer Research, Department of Chemistry,
Arlington, TX.
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3:30 06.4 07. EFFECTS OF IN-PLANE 7r' BONDING ON
SYNTHESIS, STRUCTURE, INFRARED SPECTRA, AND ELECTRONIC TRANSITION ENERGIES FOR INORGANIC
IODINE DOPING OF UNSUBSTITUTED POLYAZINES, POLYMERS, Kim F. Ferris, Battelle-Pacific
William B. Euler and Benjamin C. Gill, Northwest Lanoratory, Richland, WA.
University of Rhode Island, Department of
Chemistry, Kingston, RI. 07.4 SURFACE PLASMONS IN THIN FILM

DIELECTRICS, S.M. Risser and K.F. Ferris,
3:45 06. Battelle-Pacific Northwest Laboratory, Rich-

MODEL THIOPHENE OLIGOMERS: ELECTRONIC land, WA.
PROPERTIES AND THIN FILM DEVICES, Denis
Fichou, Gilles Horowitz, and Francis Q7. PHYSICAL CHARACTERIZATION OF OR-
Garnier, C.N.R.S., Laboratoire des Materiaux GANIC RADICALS BY LOW-FIELD ESR SPECTROMET-
Moleculaires, Thiais, France. RY, Mehdi Moussavi, Marc Beranger, Denis

Duret, Nelly Kernevez, and Liliane
4:00 06.6 Secourgeon, CEA-IRDI, Grenoble, France.

PHOTOLUMINESCENCE, ESR, AND ODMR STUDIES OF
PRISTINE AND PHOTODEGRADED POLY(3-HEXYL- 07.6 STUDIES ON THE FORMATION OF SWITCH-
THIOPOHENE) FILMS AND SOLUTIONS, L.S. ING AND MEMORY STORAGE MATERIALS CONSTRUCTED
Swanson, L.R. Lichty, J. Shinar, Iowa State FROM METALLO-ORGANIC CHARGE-TRANSFER SALTS,
University, Ames Laboratory-USDOE and Phys- Hailing Duan, Dwaine 0. Cowan, The Johns
ics Department, Ames, IA; and K. Yoshino, Hopkins University, Department of Chemistry,
Osaka University, Department of Electrical Baltimore, MD; and Jerome Kruger, The Johns
Engineering, Osaka, Japan. Hopkins University, Department of Materials

Science and Engineering, Baltimore, MD.
4:15 06.7
HELICAL CONFORMATIONS OF POLYTHIOPHENE, Q7.7 OPTICAL STUDIES OF POLYANILINES:
POLYPYRROLE AND THEIR DERIVATIVES, Miklos EFFECTS OF ALKYL RING-SUBSTITUTION AND
Kertesz and C.X. Cui, Georgetown University, SOLVENT ENVIRONMENT, A. Ray, A.G.
Department of Chemistry, Washington, DC. MacDiarmid, University of Pennsylvania,

Department of Chemistry, Philadelphia, PA;
4:30 06.8 J.M. Ginder and A.J. Epstein, Ohio State

RESONANT RAMAN SCATTERING OF POLY-3-HEPTYL- University, Department of Physics, Columbus,
THIOPHENE, C. Botta, A. Bolognesi, C. OH.
Catellani, and S. Luzzati, Istituto di
Chimica delle Macromolecole, Milano, Italy. 07.8 SPECTRO-ELECTROCHEMICAL STUDY OF

RING-SUBSTITUTED POLYANILINE: POLY(2-METHOX-
4:45 *06.9 YANILINE) AND POLY(2,5-DIMETHOXYANILINE),
OPTICAL, ELECTROCHEMICAL AND STRUCTURAL Robert Clark and Sze C. Yang, University of
PROPERTIES OF POLY(THIENYLENE VINYLENES) AND Rhode Island, Department of Chemistry,
POLY(PHENYLENE VINYLENES), H. Eckhardt, K.Y. Kingston, RI.
Jen, C.C. Han, L.W. Shacklette and R.L.
Elsenbaumer, Allied-Signal, Inc., Morris- 07. ELECTRON PARAMAGNETIC RESONANCE
town, NJ. STUDIES OF DONOR-ACCEPTOR SALTS IN POLYMER

MEDIA, S.A. Jansen and Y.C. Fann, Temple
SESSION 07: POSTER SESSION University, Department of Chemistry and

Chair: Sze C. Yang Materials Science, Philadelphia, PA.
Tuesday Evening, November 28

7:00 p.m. - 10:00 p.m. 07.10 HALL EFFECT AND MAGNETORESISTANCE
America Ballroom (W) IN UNDOPED POLY(3HEXYLTHIOPHENE), Azar

Assadi, Christer Svensson and Magnus
07.1 ENHANCEMENT OF THE MAGNETIC SUSCEP- Willander, Linkoping University, Department
TIBILITY OF AN ORGANIC COMPLEX, G.J. of Physics and Measurement Technology,
Ashwell, A.T. Fraser, and P.J. Martin, Cran- Linkoping, Sweden.
field Institute of Technology, Centre for
Molecular Electronics, Cranfield, United 07.11 ELECTRON TUNNELING BETWEEN CHARGE
Kingdom. DENSITY WAVE (CDW) AND NORMAL METAL AND

BETWEEN TWO CDW's, Xiao Zhou Huang and
072 NOVEL MATERIALS FOR OPTICAL DATA Kazumi Maki, University of Southern Call-
STORAGE, Geoffrey J. Ashwell and Marek fornia, Department of Physics, Los Angeles,
Szablewski, Cranfield Institute of Tech- CA.
nology, Centre for Molecular Electronics,
Oal, United Kingdom.
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07.12 BELOW-ZAP PICOSECOND PHOTOCONDUC- SESSION 08: ORGANIC FERROMAGNETS (IP)

TIVE RESPONSE OF STRETCHED TRANS-POLYACETY- Chair: J.B. Torrance
LENE, A. Walser, R. Dorsinville, R.R. Wednesday Morning, November 29
Alfano, City College of New York, Physics Essex South (W)
and Electrical Engineering Departments, New
York, NY; G. Dellepiane, Universita' di 8:15 *08.1
Genova, Genova, Italy; and R. Tubino, MAGNETISM IN DECAMETHYLFERROCENIUM TETRACY-
Istituto di Fisica dell'Universita', ANOETHANIDE, [DMeFcj+[TCNE] - AND RELATED
Sassari, and CNR, Istituto di Chimica delle SYSTEMS, Arthur J. Epstein, The Ohio State
Macromolecole, Milan, Italy. University, Department of Physics and De-

partment of Chemistry, Columbus, OH; and
07.13 THE PENN STATE 5-100 GHz FREE-SPACE Joel S. Miller, E. I. duPont de Nemours &
MICROWAVE CHARACTERIZATION SETUP, Deepak K. Co., Inc., Central Research and Development
Ghodgaonkar, Vijay K. Varadan, and Vasundara Department, Wilmington, DE.
V. Varadan, Pennsylvania State University,
Research Center for the Engineering of 8:45 *08.2
Electronic and Acoustic Materials, Univer- FERROMAGNETIC INTERACTIONS IN ORGANIC
sity Park, PA. SOLIDS: AN OVERVIEW OF THEORY AND EXPERI-

MENT, J.B. Torrance, IBM Almaden Research
07.14 DONOR-ACCEPTOR MOLECULES FOR SECOND Center, San Jose, CA.
HARMONIC GENERATION, Malcolm R. McLean,
Mamoun M. Badr, Larry R. Dalton, University 9:15 *08.3
of Southern California, Department of Chem- RECENT PROGRESS IN THE PREPARATION OF OR-
istry, Los Angeles, CA; Robert L.S. Devine GANIC METALS AND ORGANIC FERROMAGNETS, Fred
and William H. Steier, University of Wudl, Fritz Closs, Pierre-Marc Allemand,
Southern California, Department of Electri- Gordana Srdanov, Toshiyasu Suzuki, Heiki
cal Engineering, Los Angeles, CA. Isotalo, Hamid Kasmai, and Hideki Yamochi,

University of California at Santa Barbara,
07.15 EFFECTS OF CONJUGATION LENGTH AND Institute for Polymers and Organic Solids,
SUBSTITUENTS ON THE CONDUCTIVITY OF OXIDA- Departments of Physics and Chemistry, Santa
TIVELY DOPED a,-DIPHENYLPOLYENES, Linda S. Barbara, CA.
Sapochak, Dave W. Polis, Art N. Bain, Larry
R. Dalton, University of Southern Califor- 9:45 *08.4
nia, Department of Chemistry, Los Angeles, MAGNETIC PROPERTIES OF MICROCRYSTALLINE
CA; Charles W. Spangler, Northern Illinois "POLY-(PHENYLDIACETYLENES)" CARRYING RADICAL
University, DeKalb, IL. OR CARBENE CENTERS ON THE SIDE CHAINS,

Noboru Koga, Katsuya Inoue, Noriko Sasagawa,
07.16 CHARGE TRANSFER COMPLEX OF HEXAKIS and Hiizu Iwamura, The University of Tokyo,
(ALKYLTHIO) BENZENE WITH TETRAFLUOROTETRACY- Department of Chemistry, Tokyo, Japan.
ANOQUINODIMETHANE (t-EDTB)2 TCNQF 4 : A QUEST
FOR TRIPLET STATE, Daniel Chasseau, Marc 10:15 BREAK
Alleaume, Georges Bravic, CNRS, Laboratoire
de Cristallographie et Physique Cristalline, 10:30 *08.5
Rene Lapouyade, ENSCP Bordeaux Laboratoire ROLE OF TOPOLOGY IN SPIN ALIGNMENT OF OR-
de Photophysique et Photochimie Moleculaire, GANIC MATERIALS, Koichi Itoh, Takeji Takui,
Talence, France; Jean-Pierre Morand, ENSCP Yoshio Teki and Takamasa Kinoshita, Osaka
Bordeaux, Talence France; Jacques Amiell and City University, Faculty of Science, Depart-
Pierre Delhaes, CNRS, Domaine Universitaire ment of Chemistry, Osaka, Japan.
de Bordeaux I, Centre de Recherche Paul
Pascal, Talence, France. 11:00 08.6

ROLE OF HIGH-SPIN MOLECULES AS MODELS FOR
S 07.17 FERROMAGNETIC INTERACTIONS IN A ORGANIC FERRO- AND FERRIMAGNETS, AND PI-

SERIES OF SCHIFF-BASE METAL-ORGANIC POLY- TOPOREGULATED MAGNETIC POLYMERS, Takeii
MERS, F. Palacio, J. Garin, J. Reyes, and Takui, Masayuki Okamoto, Kazunobu Satoh,
F.J. Lazaro, C.S.I.C.-Universidad de Toyohiro Shichiri, Yoshio Teki, Takamasa
Zaragoza, I.C.M.A., Zaragoza, Spain. Kinoshita and Koichi Itoh, Osaka City Uni-

versity, Faculty of Science, Department of
Chemistry, Osaka, Japan.

11:15 08.7
THERMAL STABILITY OF MAGNETIC PROPERTIES OF
DEHYDROGENATED TRI-ARYLMETHANE RESINS,
Michiva Ota, Gunma College of Technology,
Maebashi, Gunma, Japan; and Sugio Otani,
Gunma University, Faculty of Engineering,
Kiryu-shi, Gunma, Japan.
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11:30 08.8 2:45 09.6
POLYPHENOXY RADICALS : SYNTHESIS AND HOMO- QUADRATIC NONLINEAR OPTICAL PROPERTIES OF
POLYMERIZATION 3,5-DI-tert-BUTYL-4-HYDROXY- DIVA CRYSTAL, Tatsuo Wada, C.H. Grossman,
PHENYL DERIVATIZED OLEFINS AND METHACRY- Shinji Yamada, Akira Yamada, A.F. Garito,
LATES, Ravindra B. Upasani, Exxon Research and Hiroyuki Sasabe, Frontier Research
and Engineering Company, Annandale, NJ and Program (RIKEN), Saitama, Japan.
Princeton University, Department of Physics,
Princeton, NJ; Long Y. Chiang and Dave P. 3:00 BREAK
Goshorn, Exxon Research and Engineering

Company, Corporate Research Laboratories, 3:15 09.7
Annandale, NJ. EFFICIENT SECOND HARMONIC GENERATION OB-

SERVED IN HYDRAZONE DERIVATIVES OF AROMATIC
11:45 08.9 ALDEHYDES, Richard S. Potember, Karen A.
ORGANIC POLYRADICAL MODELS FOR ORGANIC Stetyick, and Robert C. Hoffman, The Johns
MAGNETIC MATERIALS, David A. Modarelli, Hopkins University, Applied Physics Labora-
Frank C. Rossitto, Masaki Minato and Paul M. tory, Laurel, MD.
Lahti, University of Massachusetts, Depart-
ment of Chemistry, Amherst, MA. 3:30 09.8

FERROELECTRICITY OF CHIRAL COMPOUNDS IN
SESSION 09: NON-LINEAR OPTICAL MOLECULES HIGHLY ORDERED SMECTIC PHASES, W. Haase,

Chair: J. Zyss A.M. Biradar, and S. Wr6bel, Institut ffr
Wednesday Afternoon, November 29 Physikalische Chemie, Technische Hochschule,

Essex South (W) Darmstadt, Federal Republic of Germany.

1:00 *09.1 3:45 09.9
SYMMETRY, CHEMISTRY AND OPTICS: A COMBINED LANGMUIR-BLODGETT FILMS OF UNIDIMENSIONAL
APPROACH TO MOLECULAR ENGINEERING IN NON- ORGANIC RECTIFIERS, Robert M. Metzger,
LINEAR OPTICS, J. Zyss, CNET (LA CNRS) University of Alabama, Department of Chemis-
Bagneux, France. try, Tuscaloosa, AL; and Charles A. Panetta,

University of Mississippi, Department of
1:30 *09.2 Chemistry, University, MS.

NEW SECOND-ORDER NONLINEAR OPTICAL ORGANIC
CRYSTALS, D.S. Donald, L.-T. Cheng, E. I. 4:00 09.10
duPont de Nemours & Co., Inc., Central L.B. FILM EXHIBITING COOPERATIVE SPIN TRAN-
Research and Development Department, Ex- SITION, FOR 2D MOLECULAR MEMORY DEVICES,
perimental Station, Wilmington, DE; G. Philippe Coronel, Annie Ruaudel-Teixier and
Desiraju, University of Hyderabad, School of A. Barraud, CEA-IRDI-DESICP-DLPC/SCM,
Chemistry, Hyderabad, India; G.R. Meredith, CEN.SACLAY, Gif-sur-Yvette, France.
and F.C. Zumsteg, E. I. duPont de Nemours &
Co., Inc., Central Research and Development 4:15 09.11
Department, Experimental Station, Wil- EFFECTS OF MOLECULAR RIGIDITY ON ELECTRIC
mington, DE. FIELD-INDUCED ALIGNMENT AND ORIENTATIONAL

STABILITY OF DIPOLAR CHROMOPHORE COMPOSITES,
2:00 09.3 H.E. Katz and M.L. Schilling, AT&T Bell

SYNTHESIS, THERMAL BEHAVIOR, AND SECOND- Laboratories, Organic Chemistry Research and
ORDER NONLINEAR OPTICAL PROPERTIES OF CON- Development, Murray Hill, NJ; W.R. Holland,
JUGATED, ACCEPTOR/DONOR COMPOUNDS, James F. and K.D. Singer, AT&T Bell Laboratories,
Wolfe, Susan P. Ermer, Steven M. Lovejoy, Engineering Research Department, Princeton,
Doris S. Leung, Ken Aron, Glenn A. Hansen, NJ.
Lockheed Missiles and Space Company, Inc.,
Palo Alto, CA; and Steven P. Bitler, SRI 4:30 09.12
International, Menlo Park, CA. ZINC TRIS(THIOUREA) SULFATE, A PROTOTYPE

SEMIORGANIC NON-LINEAR OPTICAL MATERIAL,
2:15 09.4 P.R. Newman, L.F. Warren, E.F. Wituchi, M.D.

MATERIALS FOR A MULTIFREQUENCY PHOTOCHROMIC Ewbank, D.E. Cooper, Rockwell International
MEMORY, Geoffrey J. Ashwell and Marek Science Center, Thousand Oaks, CA; and G.
Szablewski, Cranfield Institute of Tech- Burdge, Laboratory for Physical Sciences,
nology, Centre for Molecular Electronics, College Park, MD.
Cranfield, United Kingdom.

4:45 09.13
2:30 09.5 CARRIER INJECTION MECHANISM THROUGH ORGANIC/

ELECTRO-OPTIC AND NONLINEAR OPTICAL PROPER- ORGANIC JUNCTIONS, Svun Eausa, Nobuhiro
TIES OF 2,6-DIBROMO-N-METHYL-4-NITROANILINE Gemma, Akira Miura, and Makoto Azuma,
(DBNMNA) CRYSTALS, Aav Nahata, Keith A. Toshiba Research and Development Center,
Horn, and James T. Yardley, Allied-Signal, Kawasaki City, Japan.
Inc., Morristown, NJ.
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SESSION 010: CONDUCTING POLYMERS fIII): 10:15 010.8
POLYACETYLENE AND POLYSILANE REVERSIBLE PHOTOPRODUCTION OF STABLE CHARGED

Chair: R. H. Friend DEFECTS IN TRANS-POLYACETYLENE WITH MID-
Thursday Morning, November 30 BAND-GAP PHOTOLYSIS, Carolyn F. Hoener,

Essex South (W) Lawrence Berkeley Laboratory, Laboratory of
Chemical Biodynamics, Berkeley, CA, and

8:15 *010.1 University of Texas at Austin, Department of
INSULATOR-METAL TRANSITION AND CONDUCTION Chemistry, Austin, TX.
PROCESSES IN TRANS-POLYACETYLENE, EW
Conwell, H.A. Mizes, and S. Jeyadev, Xerox 10:30 BREAK
Corporation, Webster Research Center, Webs-
ter, NY. 10:45 Q10.9

CONDUCTING AND NONLINEAR OPTICAL POLYMERS
8:45 010.2 FROM DIETHYNYLSILANES, T.J. Barton, S.

DETERMINATION OF CORRELATION PARAMETERS IN Ijadi-Maghsoodi, Y. Pang, J. Shinar, Q.-X.
CONJUGATED POLYMERS, J. Tinka Gammel, D.K. Ni, Ames Laboratory/Iowa State University,
Campbell, E.Y. Loh Jr., Los Alamos National Ames, IA; Z.V. Vardeny, University of Utah,
Laboratory, Los Alamos, NM; S. Mazumdar, Salt Lake City, UT; and S. Grigoras, Dow
University of Arizona, Department of Phys- Corning Corporation, Midland, MI.
ics, Tucson, AZ; and S.N. Dixit, Lawrence
Livermore National Laboratory, Livermore, 11:00 010.10
CA. THERMALLY ACTIVATED CHARGE HOPPING TRANSPORT

STUDIES IN A E-CONJUGATED POLYMER, L. Samuel
9:00 010.3 and P.N. Sanda, IBM T.J. Watson Research

OPTICAL SPECTROSCOPY OF THE CHARGE ACCUMULA- Center, Yorktown Heights, NY; and R.D.
TION LAYER IN POLYMERIC SEMICONDUCTOR MIS Miller and D. Thompson, IBM Almaden Research
AND MISFET STRUCTURES, J.H. Burroughes, R.A. Center, San Jose, CA.
Lawrence, and R.H. Friend, Cavendish Labora-
tory, Cambridge, United Kingdom. 11:15 010.

FREE CARRIER BAND GAP IN POLY(PHENYL METHYL
9:15 010.4 SILANE), R.G. Kepler and J.M. Zeigler,

OPTICAL PROPERTIES OF POLYACETYLENE OLIGO- Sandia National Laboratories, Albuquerque,MERS, H. Schaffer, R.R. Chance, Exxon Re- NM.

search and Engineering Company, Corporate
Research, Annandale, NJ; K. Knoll, R.R. 11:30 Q10.12
Schrock and R. Silbey, Massachusetts In- ESR STUDIES OF CHARGE TRANSPORT AND CARRIER
stitute of Technology, Chemistry Department, DENSITY IN E-CONJUGATED POLYMER SYSTEMS,
Cambridge, MA. J.T. Riley, S.A. Jansen, Temple University,

Philadelphia, PA; and Pia N. Sanda, IBM T.J.
9:30 010.5 Watson Research Center, Yorktown Heights,

DECISIVE STEPS IN THE PRODUCTION OF HIGHLY NY.
CONDUCTING-CRYSTALLINE POLYMERS, Nicolas
Theophilou, Institute for Polymers, Athens, 11:45 010.13
Greece, and University of Pennsylvania, THE DOPING OF POLY-p-PHENYLENE SULFIDE AND
Department of Chemistry, Philadelphia, PA. ITS OLIGOMERS: A SPECTROSCOPICAL STUDY, P.

Piagio, C. Cuniberti, G. Dellepiane, Uni-
9:45 0106 versit& di Genova, Istituto di Chimica

PHOTOCONDUCTIVE RESPONSE AND INTERCHAIN Industriale, Genova, Italy.
INTERACTIONS IN HIGHLY ORIENTED POLYACETYL-
ENE, R. Tubing, Istituto di Fisica dell'Uni- SESSION 011: SPIN DENSITY WAVES
versita', Sassari, and CNR, Istituto di Chair: Paul Chaikin
Chimica delle Macromolecole, Milan, Italy; Thursday Afternoon, November 30
G. Dellepiane, Universita' di Genova, Geno- Essex South (W)
va, Italy; and A. Walser, R. Dorsinville,
R.R. Alfano, City College of New York, 1:30 *011.1
Physics and Electrical Engineering Depart- THE DYNAMICS OF SPIN DENSITY WAVES, Ge
ments, New York, NY. r=, University of California, Los An-

geles, Dept. of Physics, Los Angeles, CA.
10:00 010.7
133Cs NMR STUDIES OF HIGHLY CESIUM DOPED 2:00 *1.2
POLYACETYLENE, F. Rachdi, P. Bernier, K. BIDIMENTIONAL CRITICAL BEHAVIOUR AND COM-
Zniber, USTL, Groupe de Dynamique des Phases PETITION BETWEEN ORDER PARAMETERS IN THE
Condens~es, Montpellier, France. ORGANIC METAL (TMTSF)2C1O 4 , P. Garoche, F.

Pesty, M. Heritier, Laboratoire de Physique
des Solides, Universitd de Paris, Orsay,
France.
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2:30 *011.3 4:30 011.9
HIGH MAGNETIC FIELD PHASES OF THE (TMTSF)2 X QUANTUM HALL EFFECT AND RAPID OSCILLATIONS
(X = C104,PF6 ) CHARGE TRANSFER COMPLEXES, IN (TMTSF)2 PF6 UNDER PRESSURE, S. Hannahs,
James S. Brooks, Boston University, Physics J. Brooks, Boston University, Department of
Department, Boston, MA. Physics, Boston, MA; W. Kang, Princeton

University, Department of Physics, Prince-
3:00 011.4 ton, NJ; P. Chaikin, Princeton University,

HIGH FIELD MAGNETIZATION STEPS AT THE RE- Department of Physics, Princeton, NJ and
ENTRANT METAL TO SPIN DENSITY WAVE LINE IN Exxon Research and Engineering Company,
(TMTSF)2CIO 4 , M.J. Naughton, State Univer- Annandale, NJ; L. Chiang, Exxon Research and
sity of New York at Buffalo, Buffalo, NY; Engineering Company, Annandale, NJ; and R.
R.V. Chamberlin, Arizona State University, Upasani, Princeton University, Department of
Tempe, AZ; P.M. Chaikin, Princeton Univer- Physics, Princeton, NJ and Exxon Research
sity, Princeton, NJ and Exxon Research and and Engineering Company, Annandale, NJ.
Engineering, Annandale, NJ; L.Y. Chiang,
Exxon Research & Engineering, Annandale, NJ. 4:45 011.1

LOW TEMPERATURE ORIENTATIONAL DEPENDENCE OF
3:15 BREAK THE MAGNETORESISTANCE IN (TMTSF)2 CI0 4 : A

SEARCH FOR MAGIC ANGLES, M.J. Naughton, O.H.
3:30 011.5 Chung, State University of New York at

A NEW THEORETICAL MODEL FOR THE SPIN DENSITY Buffalo, Buffalo, NY; J.S. Brooks, Boston
WAVE TRANSITIONS IN ORGAVIC CHARGE TRANSFER University, MA; P.M. Chaikin, Princeton
SOLIDS, E.Y. Loh, Jr. and David K. Campbell, University, Princeton, NJ and Exxon Research
Los Alamos National Laboratory, Los Alamos, and Engineering Company, Annandale, NJ; and
NM; and Sumit Mazumdar, University of Ari- L.Y. Chiang, Exxon Research and Engineering
zona, Physics Department, Tucson, AZ. Company.

3:45 011.6 SESSION 012: NON-LINEAR OPTICAL
SOUND PROPAGATION IN CDW AND SDW, Attila POLYMERS (I)
Virosztek, University of Virginia, Charlot- Chair: Daniel J. Sandman
tesville, VA; and Kazumi Maki, University of Friday Morning, December 1
Southern California, Los Angeles, CA. Essex South (W)

4:00 Q.7 8:00 *012.1
SOUND VELOCITY STUDIES OF THE BECHGAARD OBSERVATION OF NONLINEAR OPTICAL TRANS-
SALTS (TMTSF)2 CIO 4 AND (TMTSF)2 PF6 , X-D. MISSION AND SWITCHING PHENOMENA IN POLYDI-
Shi, University of Pennsylvania, Department ACETYLENE-BASED DIRECTIONAL COUPLER DEVICES,
of Physics, Philadelphia, PA and Princeton Paul D. Townsend, J.L. Jackel, Gregory L.
University, Department of Physics, Baker, J.A. Shelburne, and S. Etemad, Bell-
Princeton, NJ; P.M. Chaikin, Princeton core, Red Bank, NJ.
University, Department of Physics,
Princeton, NJ and Exxon Research and En- 8:30 *012.2
gineering Company, Annandale, NJ; L. Y. POLYDIACETYLENE SIDE CHAINS AND ELECTRONIC
Chiang, Exxon Research and Engineering STRUCTURE AND PROCESSES, Daniel J. Sandman,
Company, Annandale, NJ; and R. Upasani, GTE Laboratories, Inc., Waltham, MA.
Princeton University, Department of Physics,
Princeton, NJ and Exxon Research and En- 9:00 012.3
gineering Company, Annandale, NJ. INVESTIGATIONS OF A NEW REVERSIBLE STRAIN

INDUCED CHROMIC TRANSITION IN POLYDIACETYL-
4:15 0 ENE ELASTOMERS, M.F. Rubner, R. Agrawal, and

SOUND VELOCITY MEASUREMENTS IN (TMTTF)2X (X H. Beckham, Massachusetts Institute of
= ReO 4 , SbF6 ) SALTS, S.E. Brown, H.H.S. Technology, Department of Materials Science
Javadi, Los Alamos National Laboratory, Los and Engineering, Cambridge, MA.
Alamos, NM; and R. Laversanne, Centre de
Recherche Paul Pascal, CNRS, Domaine Univer- 9:15 012.4
sitaire de Bordeaux, Talence, France. SYNTHESIS AND PROPERTIES OF A FULLY CON-

JUGATED POLYDIACETYLENE: POLY(1,4-BIS(3-
QUINOLYL)-1,3-BUTADIYNE, Satya S. Talwar and
M. Kamath, Indian Institute of Technology,
Department of Chemistry, Bombay, India.

9:30 012.5
ORGANIC POLYMER SEMICONDUCTOR SUPERLATTICES,
Samson A. Jenekhe and Wen-Chang Chen, Uni-
versity of Rochester, Department of Chemical
Engineering, Rochester, NY.

562



9:45 012.6 11:30 012.12
LARGE THIRD-ORDER NONLINEAR OPTICAL PROPER- PHOTOEXCITATION SPECTROSCOPY OF PRECURSOR
TIES OF ORGANIC POLYMER SEMICONDUCTOR SUPER- ROUTE POLY(THIOPHENE VINYLENE), D..C.
LATTICES, Samson A. Jenekhe and Wen-Chang Bradley, A.J. Brassett, N.F. Colaneri, R.H.
Chen, University of Rochester, Department of Friend, R.A. Lawrence, Cavendish Laboratory,
chemical Engineering, Rochester, NY; S.K. Cambridge, United Kingdom; and H. Murata, S.
Lo, Honeywell Systems and Research Center, Tokito, T. Tsutsui, and S. Saito, Kyushu
Minneapolis, MN; and Steven R. Flom, Univer- University, Department of Materials Science
sity of Minnesota, Department of Chemistry, and Technology, Kasuga, Fukuoka, Japan.
Minneapolis, MN.

11:45 012.13
10:00 BREAK SYNTHESIS AND CHARACTERIZATION OF NEW POLY-

MERS EXHIBITING LARGE OPTICAL NONLINEARITY:
10:15 012.7 DERIVATIZED POLYANILINE AND COPOLYMER CON-
A COUPLED INVESTIGATION OF QUADRATIC AND TAINING POLYANILINE SEGMENTS, Luving Yu, Mai
CUBIC NONLINEAR OPTICAL PROCESSES IN EX- Chen, Larry R. Dalton, University of South-
TENDED CHARGE TRANSFER POLYENES, M. ern California, Department of Chemistry, Los
Barzoukas, CNET (LA CNRS), Bagneux, France; Angeles, CA.
M. Blanchard-Desce, College de France,
Paris, France; F. Kajzar, CEA-CEN Saclay, SESSION 013: NON-LINEAR OPTICAL
Cif-sur-Yvette, France; J.M. Lehn, College POLYMERS (II) AND COMPOSITES
de France, Paris, France; A. Messier, C. Chair: Bryan E. Kohler
Sentein, CEA-CEN Saclay, Gif-sur-Yvette, Friday Afternoon, December 1
France; J. Zyss, CNET (LA CNRS) Bagneux, Essex South (W)
France.

1:30 013.1
10:30 012.8 THE 21A STATE IN LONG POLYENES: ELECTRONIC
NONLINEAR OPTICAL STUDIES OF MIXED 7-CONJU- STRUCTURE, PHOTOINDUCED ABSORPTION AND
GATED POLYMER MULTILAYERS BY SECOND HARMONIC THERMAL ISOMERIZATION, Bryan E. Kohler and
GENERATION, Hiroshi Koezuka, Tetsuyuki Curtis Westerfield, University of Califor-
Kurata, Akira Tsumura, and Hiroyuki nia, Chemistry Department, Riverside, CA.
Fuchigami, Mitsubishi Electric Corporation,
Materials and Electronic Devices Laboratory, 1:45 013.2
Hyogo, Japan. THEORETICAL CALCULATIONS ON NONLINEAR SUS-

CEPTIBILITIES OF ORGANIC MATERIALS, Yuzo
10:45 012.9 Itoh, Tomoyuki Hamada, Atsushi Kakuta and
A NEW POLYOLEFIN MA'ERIAL "ZEONEX" FOR Akio Mukoh, Hitachi Ltd., Hitachi Research
OPTICAL USES, Teiji Kohara, Masayoshi Laboratory, Ibaraki, Japan.
Ohshima, and Tadao N~tsuume, Nippon Zeon
Company, Ltd., Researcn and Development Cen- 2:00 013.3
ter, Kawasaki, Japan, Masahiro Yamazaki, NONLINEAR OPTICAL RESPONSE IN CONJUGATED
Nippon Zeon of America, Inc., White Plains, POLYMERS - A THEORETICAL APPROACH, Mauro
NY. Pereira, Jr., University of Arizona, Optical

Sciences Center, Tucson, AZ; S.W. Koch,
11:00 012.10 University of Arizona, Physics Department
SYNTHESIS AND SECOND-ORDER NONLINEAR OPTICAL and Optical Sciences Center, Tucson, AZ;
PROPERTIES OF NEW "OUMAROMETHACRYLATE- Sumit Mazumdar, University of Arizona,
METHYLMETHACRYLATE COPOLYMERS, R.A. Henry, Physics Department, Tucson, AZ; and S.N.
..M. Hoover, and G.A. 'Indsay, Naval Weapons Dixit, Lawrence Livermore National Labora-
Center, Research Deparment, China Lake, CA: tory, Livermore, CA.
M.A. Mortazavi, A. Knoosen, and S.T. Kowel,
University of Califorrna at Davis, Depart- 2:15 013.4
ment of Electrical Eng neering and Computer ELECTRONIC STRUCTURES AND NONLINEAR OPTICAL
Science, Davis, CA. PROPERTIES FOR CROSS-CONJUGATED POLYENE,

Yuhei Mori and Yoshimichi Okano, ATR Optical
11:15 012A1 and Radio Communications Research Laborator-
NEW POLYMERS FOR ELECTROACTIVE APPLICATIONS, ies, Kyoto, Japan.
Mamoun M. Badr, David W. Polis, and Larry R.
Daiton, University of Southern California 2:30 013.5
Los Angeles, Department of Chemistry, Los ROTATIONAL DIFFUSION OF CHROMOPHORES INSIDE
Angeles, CA. A GLASSY POLYMERIC FILM STUDIED BY ELECTRO-

OPTICAL POLARIMETRY, Remi Meyrueix and
Gerard Mignani, Rhone-Poulenc Recherches,
Centre des Carrieres, Saint-Fons, France.
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2:45 013.6 4:45 013.13
SECOND ORDER NONLINEAR OPTICS AND POLYMER POLYMER BLEND FOR RFI/EMI/EMC APPLICATIONS,
PHYSICS OF CORONA POLED POLYMER FILMS, Neil Williams, Vijay K. Varadan, and
Hilary L. Hampsch, Northwestern University, Vasundara V. Varadan, Pennsylvania State
Department of Materials Science and Engi- University, Research Center for the En-
neering, Evanston, IL; Jian Yang and George gineering of Electronic and Acoustic Mate-
K. Wong, Northwestern University, Department rials, University Park, PA.
of Physics and Astronomy, Evanston, IL; and

John M. Torkelson, Northwestern University,
Depts. of Materials Science and Engineering
and Chemical Engineering, Evanston, IL.

3:00 BREAK

3:15 013.7
THEORETICAL STUDIES OF THE NONLINEAR PROPER-
TIES OF 1-ARGININE PHOSPHATE AND DERIVA-
TIVES, C.A. Langhoff, Dow Chemical, Midland,
MI.

3:30 013.8
QUANTUM LATTICE FLUCTUATIONS AND NONLINEAR
OPTICAL PROPERTIES OF CONDUCTING POLYERS, J.
Yu, B. Friedman and W.P. Su, University of
Houston, Houston, TX.

3:45 013.9
THIRD ORDER NONLINEAR OPTICAL EFFECTS IN
POLYCONDENSED THIOPHENE BASED POLYMERS, Lina
Yang, R. Dorsinville, R.R. Alfano, City
College of New York, Physics and Electrical
Engineering Departments, New York, NY; C.
Taliani, Consiglio Nazionale delle Ricerche,
Istituto di Spettroscopia Molecolare, Bolog-
na, Italy.

4:00 013.10
OPTICAL CHARACTERIZATION OF POLYDIACETYLENE
LANGMUIR-BLODGETT FILM ON SILICON SUB-
STRATES, P. Miller, A.M.K. Rahman, S.V.
Broude, and S. Tripathy, University of
Lowell, Departments of Physics and Chemis-
try, Lowell, MA.

4:15 013.11
MICRO-ENCAPSULATED CHIRAL POLYMER COM-
POSITES, Vilay K. Varadan, Deepak K.
Ghodgaonkar, Vasundara V. Varadan, and
Akhlesh Lakhtakia, Pennsylvania State Uni-
versity, Research Center for the Engineering
of Electronic and Acoustic Materials, Uni-
versity Park, PA.

4:30 013.1
ARTIFICIAL CHIRAL COMPOSITES, Vasundara V.
Varadan, Deepak K. Ghodgaonkar, Vijay K.
Varadan, and Akhlesh Lakhtakia, Pennsylvania
State University, Research Center for the
Engineering of Electronic and Acoustic
Materials, University Park, PA.
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Ql.l ABSTRACT NOT AVAILABLE Q2.1

QI.2 ELECTRON-DONATING RADIALENES. POTENTIAL DONORS

STABLE AND PROCESSIBLE CONDUCTING POLYMERS: FOR MOLECULAR ORGANIC (SUPER)CONDUCTORS AND
FERROMAGNETS. Zen-ichi Yoshida, ToyonariOPPORTUNITIES FOR SCIENCE AND TECHNOLOGY. AlanJ. Sugimoto and Yoji Misaki, Department of Synthetic

Heager, Institute for Polymers and Organic Solids, University of Chemistry, Kyoto University, Yoshida, Kyoto 606
California, Santa Barbara, Santa Barbara, CA 93106. Japan.

Recent advances in the synthesis and processing of conducting
polymers have demonstrated that one can have materials with Molecular organic systems having electrical and
the electronic and optical properties of metals and magnetic properties currently absorb much
semiconductors and the processing and mechanical advantages interest of theoretical and experimental
of polymers. This progress has opened the way to achieving a scientists.
wide range of important configurations ranging from optical
quality films (through spin casting) to highly oriented films and Although high-Tc ceramic superconductors have
fibers through post-synthesis processing, using both pure been discovered very recently, research on
conducting polymers and conducting polymers in blends and organic (super)conductors needs to be activelyconduct with other polymersi pursued with the aim of creating organic super-composites polymers. conductors with high-Tc. Research on organic

ferromagnetic materials is still in its infancy.
The prospects for the achievement of high performance Further development of the research on molecular
electronic and optical materials will be discussed with specific organic (super)conductors and ferromagnets
emphasis in two areas: depends ultimately on the synthesis of reliable
(i) high electrical conductivity and new organic donors.
(ii) optical and nonlinear optical properties.
In the area of electrical properties, we contrast two limits: 'dirty" From this point of view we have been investi-
conductors where the transport is via carrier hopping such that gating electron-donating [n) radialenes as new
o-10 S/cm or less, and true metals in which the carrier mean donors.

free path is many lattice constants. Analysis of similar limiting In this Symposium, preparation of the charge
cases define the high performance optical and nonlinear optical transfer complexes and radical cation salts of
properties of conducting polymers, electron-donating [3], [4] and [5] radialenes

(and related systems) and their electrical or
We conclude that conducting polymers represent a new class of magnetic property will be discussed along with
electronic and optical materials with properties which range tram their electrochemical and spectral properties.
those of commodities with routine properties to high performance
materials which combine, for example, excellent electrical Q2.2
conductivity with high mechanical strength. SYNTHESIS OF BULK HIGH SPIN DENSITY

ORGANIC SOLIDS AS PRECURSORS TO ORGANIC
Q1.3 FERROMAGNETS. Lg. Ch. =, Ravindra B.
NONLINEAR OPTICAL POLYMERS: CHALLENGES AND OPPOR- FE R R M. L onY Coate R senraB
TUNITIES IN PHOTONICS. A.F. Garito and J.W. Wu, Dept. UpasaniI and Dave P. Goshorn, Corporate Research
Physics, University of Pennsylvania, Philadelphia, PA 19104; G.F. Laboratory, Exxon Research and Engineering Company,
Lipscomb and R. Lytel, Lockheed Palo Alto Research Lab. 0-9720, B-202, Annandale, NJ 08801; Department of Physics,
Palo Alto, CA 94304 Princeton University, Princeton, NJ 08544.

Recent developments and advances in nonlinear and electro-optical materials
will be discussed, with a special focus on nonlinear optical organic We describe a synthetic approach to the preparation of
polymers. bulk high spin density organic solids as a probe to

Many materials classes have been studied to understand the physical organic ferromagnets utilizing an external doping

properties and behavior of nonlinear optical responses at a fundamental process to achieve a molecular sequence of alternate
level. Organic and polxmeric stems are unique in that the macroscopic donors and acceptors in different spin states for, in
nonlinear responses X. )and X can be traced back to the microscopic principle, the ground state ferrimagnets. We found
nonlinear optical susc~tibiliti of individual molecular units, allowing that the introduction of arsenic pentafluoride into
identification of nonlinear optical processes at a molecular level. According molecular crystals of charge transfer complexes
to a microscopic description of second and third order x-electron virtual
excitation processes in low dimensional electronic conjugated structures, the disintegrates the long range order of crystal without
strong correlations between s-electrons in reduced spatial dimensions, such rearranging the molecular stacking sequence of donor
as quasi-one or two dimensional molecules, are responsible for the large and acceptor. A high spin density solid can be made
nonlinear optical responses of organic polymers. These processes lead to through AsF5 doping of triplet donors at the solid state
materials with exceptional aonlinear optical properties and are significant
both for fundamental understanding and practical applications. Two classes of materials. These spins were found to couple either
of organic nonlinear optical materials will be discussed. ferromagnetically or weakly antiferromagnetically at

various temperatures. In the case of doped HMT-
Optical bistability, a major subject in the nonlinear optics research, has been

observed in an ultra-thin film polymer consisting of quasi-two dimensional HCHAT, a magnetic susceptibility with 0 = 10.7K (125 -
(2D) conjugated discs of silicon naphthalocyanine (SINC) randomly 300K) was observed, indicating a ferromagnetic
distributed in a glassy mamx. The on-site electronic excitations of the qai- coupling of spins. Below 125K the spin coupling
2Dliscs exhibit Bloch type saturable absorption at fast timescales (10' -
10 *1 see). The nonlinear refrlctive index n, obtained from the saturable becomes weakly antiferromagnetic with 8 = -3.2K.
absorption results is Ix10 4 cm /kW, comparable to the value of GaAs. Magnetic data of various charge transfer complexes of

HMT and HOC will also be discussed.
Electro-optic polymers have been developed offering substantial advantages
in electro-optic response, speed, fabricability and flexibility over
conventional inorganic crystas. Current research toward fabricating electro-
optic, organic integrated optical devices will be reviewed.
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Q2.3 of crystallinity up to fifty percent. Doping of this material occurs
7

ERROMAGNETIC INTERMOLECULAR INTERACTION AND CRYSTAL initially in the amorphous phase followed by doping into the
STRUCTURE OF U-NITRONYL NITROXIDE. Kunio Awaga, Tamotsu crystalline re ions. These materials are identified as Branch 11 of the
Inabe, and Yusei Maruyama. Inst itute for Molecular emeraldine family. Emeraldine prepared directly as salt from
Science, Myodaiji, Okazaki 444, Japan. solution is also up to -50 percent crystalline (denoted Branch I)

though its structure differs from Branch II materials. Dedoping of
There has recently been an increasing interest in organic/ emeraldine salt I yields amorphous EB-I. Protonation of EB-I yields
molecular ferromagnetism. 0-nitronyl nitroxide. a stable continuous growth of crystalline ES-I. Corresponding static and
organic radical of S-1/2, has an interesting molecular dynamic magnetic susceptibility experiments show that the
structure in this respect. Two NO groups are bonded by a protonated crystalline regions have a Pauli susceptibility
carbon atom and the unpaired 1 electron is delocalized on corresponding to a metallic state while the protonated amorphous
the whole skeleton. This radical has, further, a strong regions are nonmagnetic (spinless defects only). Photoinduced
spin polarization effect due to the short distance between absorption studies of emeraldine base and leucoemeraldine base
the unpaired and non-bonding electrons. We have initiated (LEE) show the presence of long-lived, photoexcited entities,

a study of the electronic states and the magnetic behaviors including excitons (in EB) and massive polarons (in EB and LEB).
of various I-nitronyl nitroxides. Time-dynamic studies imply that the tong evity of the photoexcited

defects is associated with the roles of ring flipping and ring

The temperature dependence of the magnetic susceptibilities conformation in the polymer system. A new model for the effects

and the field dependence of the magnetizations for three a- of electron-lattice coupling via ring rotations is introduced.

aitronyl nitroxides, 2-R-4,4,5o5-tetramethyl-4,5-dihydro- Extended charge transport studies of oriented and nonoriented
n-itr oyl nitroxye3-oxide lwith R- phenyl(I), 3-nitro- films demonstrate the textured, granular metal nature of
1H-imidazolyl-l-oxy have beenymeasre -nitro emeraldine salt. Though the highest dc conductivity measured
phenyl(II), 4-nitrophenyl(III)) have been measured. It is approaches 10OS/cm at room temperature, elimination of the
found that the intermolecular interaction is ferromagnetic barriers should lead to substantially higher conductivities. Potential
(FM) in the crystal of III, while it is antiferromagnetic new technologies based on the polyanilines, including nonlinear
in I or II. The Weiss constant of III is +0.9 K. The optics, optical information storage, and controlled microwave
magnetization curve of III at 2 K, the lower limit of the absorption are noted.
temperature measurements, almost corresponds to the
theoretical one for S-2, and, therefore, it is certain that 'supported in part by DARPA through a contract monitored by U.S.
the FM interaction in III could cover more than 4 radicals. O.N.R.

Crystal structures of I and III have been determined by X- Q3.3
ray analysis. In III, a 2-D sheet structure is made by L4W [ERGY ELECTRONIC TRANSITIONS OF POLARON BANDS IN
the weak intermolecular contacts between the O-atoms of NO POLYANILINE. Sze Cheng Yang, Dan Zhang and Richard Cushman,
groups and the N-atoms of NO2 groups. The FM interaction University of Rhode Island, Chemistry Department, Kingston,
would work in this sheet through these contacts. This RI 02881.
contact is very similar to the coordination bonding between
nitroxide and transition metal in some complexes. New absorption bands of polyaniline with transition energy

Q3.l less than 1 eV were studied by in-situ
spectroelectrochemical methods. Depending on the

THE POLYANILINES: A NOVEL CLASS OF CONDUCTING preparation method and the substrate for thin film polymer,

POLYMERS A G MacDiarmid. Dept. of Chemistry, Univ.of Penn., the transition occurs at either 0.9 eV as a single
Phila., PA 19104, and A. J. Epstein, Dept. of Physics and Dept. of absorption band, or as a pair of bands at 1 eV and at 0.6
Chemistry, The Ohio State Univ., Columbus, OH 43210. eV. The band intensity was studied as a function of the

electrochemical potential and the pH of contacting
electrolytes. Like the 1.5 eV and the 2.9 eV transitions,

The polyanilines are a class of polymers the base form of which has the these near infrared transitions are related to the formation
general formula , H/\ f= = of polarons, However, details of our data indicate that the

0.9 eV band do not share with the 1.5 eV band the same lower
electronic energy level of optical absorption transition.

containing "y" reduced and (1-y) oxidized repeat groups. The value of "y" Implication to the assignment of electronic transitions are
can in principle be varied continuously from y=1 to give the completely examined.
reduced material to y=0 to give the completely oxidized polymer. The
"emeraldine" oxidation state (y=0.5) consists of alternating reduced and This work is supported in part by PPG Industries and by a
oxidized groups. It can be protonated i.e. "doped" by aqueous acids with a contract administered by the Office of Naval Research from
concommitant increase in conductivity of almost 10 orders of magnitude (to DARPA.
a maximum conductivity of 101- 102 S/cm) forming a polysemiquinone Q3.4
radical cation such as h, , , ,

radial ctio suc asAQUEOUS COLLOIDAL DISPERSIONS OF POLYANILINE PARTICLES.

C, S. P. Armes and M. Aldissi, Materials Science and Tech-
containing a delocalized half-filled broad polaron energy band. The nology Division. Los Alamos National Laboratory, P. 0.
polymer is readily solution prmcessible into films and fibers which can be Box 1663, Los Alamos, NM 87545.
mechanically aligned, the doped forms of which have a conductivity parallel
to the direction of alignment significantly greater than that of non-aligned Colloidal polyaniline has been prepared in acidic
material. X-ray studies show that the doped and undoped polymer exist in aqueous media by a modified chemical polymerization of
several different crystalline forms. A wide variety of derivatives can be aniline in the presence of a tailor-made polymeric sur-
synthesized by substitution on the ring or on the nitrogen. factant. The surfactant which acts as a steric stabi-

lizer used in this study is poly(vinyl alcohol-co-vinyl
*Supported in part by DARPA through a contract monitored by ONR. acetate). This surfactant contains pendant aniline

units which participate in the aniline polymerization,
Q3.2 resulting in the formation of sterically- stabilized

POLYANILINE: AN OLD POLYMER WITH NEW PHYSICS*. A.J. polyaniline particles which have a non-spherical "rice-

Epstein, Dept- of Physics and Dept. of Chemistry, The Ohio State grain" morphology.

Univ., Columbus, Ohio 43210, and A.G. MacDiarmid, Dept. of
Chemistry, Univ. of PA, Philadelphia, PA 19104. It is shown that this novel form of polyaniline is more

processable than the bulk powder that is normally

Recent progress in the chemistry and processing of polyaniline has obtained from a conventional chemical synthesis. The

now enabled detailed critical physical studies. X-ray diffraction solid-state conductivity of solution-cast films or com-

studies show that emeraldine base can be prepared with a degree pressed pellets of these dispersions is surprisingly
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high (- 1 S/cm), despite the presence of the insulating Q3.7

outer layer of chemically-grafted stabilizer. CHEMICAL AND PHYSICAL STUDIES OF SOLUBLE PART OF

EMERALDINE: ELECTRONIC AND MAGNETIC PROPERTIES OF
We have characterized these polyaniline colloids by a SHORT CHAIN SPECIES. R. Lann. CRPP / CNRS Chiteau Brivazac
wide range of techniques including electron microscopy, F 33600 Pessac FRANCE
cyclic voltammetry and Raman, visible absorption and X-
ray photoelectron spectroscopy. Polyaniline is well known as a conducting polymer for its original properties.
Q3.5
INTERCALATIVE POLYMERIZATION OF CONDUCTIVE One of the more striking is the possibility of switching between insulating

POLYMERS IN LAYERED INORGANIC HOSTS. Mercouri Q. and conducting phase by acid-base equilibrium. Yet the chemically prepared
emeraldine is not perfectly characterized and a low molecular weight product

Kanatzidis (a), Chun-Guey Wu(a), Henry 0. Marcy(b), Donald C. is usually eliminated throught light solvent extraction.
DeGroot(b) and Carl R, Kannewurf(b)(a) Department of Chemistry
and Center for Fundamental Materials Research, Michigan State University, We present the results of investigations on this low molecular weight
East Lansing Mi 48824 (b) Department of Electrical Engineering and compounds. Chemical analysis indicate that not only the chain length is
Computer Science, Northwestern Universiry, Evanston, IL 60208. shorter than in the insoluble pan of emeraldine, but oxidation level and

chemical nature of the polymer are different.

Aniline, pyrrole and 2,2'-bithiophene can polymerize by in.siu On the other hand physical studies show that the electronic and magnetic

oxidation/intercalation into layered V2OS-nH20 xerogels. The behavior is fairly similar to this of the pristine emeraldine. In particular high
resulting products are novel laminated organic-inorganic conductivity, of the order of I Scm- is observed for highly protonated
molecular composites featuring alternating monolayers of samples. Also the number of spin is protonation level dependent, but with a
conductive polymers and V205 slabs with interesting electrical higher susceptibility of the unprotonated sample than in the corresponding

properties. These materials differ from conventional emeraldine base.
(electro)chemically prepared conducting polymers because they The discussion will focus on the comparison between short chain species and
are ordered (vis a vis amorphous) at least perpendicular to the what is usually called emeraldine and on the validity of transport theories used
V205 layers. They can also be obtained as free standing films, to describe this polymer.
The V205 network is reduced in these reactions thus creating
mobile carriers (small polarons) which reside on the vanadium Q3.8
oxide network. This creates two potentially competitive charge POLYANILINE AS A REVERSIBLY SWITCHABLE MATERIAL. W.-R.

transport pathways, the organic polymer chains and the Shieh, and S. C. Yang, university of Rhode Island, Chemistry

inorganic V205 slabs. Both pathways can be favored depending Department, Kingston, RI 02881; and C. Marzzacco, Rhode
Island College, Department of Physical Sciences, Providence,on the polymer/V205 ratio. Chemical, spectroscopic, magnetic RI 02908.

and electrical (conductivity and thermoelectric power)
characterization of these materials will be presented. We show The electrical, optical and magnetic properties of

that both n-type and p-type as well as metallic and conducting polymers are dramatically changed during an

semiconducting properties can be achieved by controlling the insulator-to-metal transition induced by doping. A reversal
of this property-change can be achieved by undoping. If

polyner/V205 ratio. such externally controlled changes of properties are
Q3.6 reversible over a large number of cycles the material is

EXTREME OXIDATION OF POLYTHIOPHENES, useful as a "smart" material that can adjust its electronic

POLYPYROLES, AND POLYANILINE: FINITE POTENTIAL and optical properties on demand. In this study we examined

WINDOWS OF HIGH CONDUCTIVITY. David Ofer, the reversibility and cycling lifetime of electrochemical

Richard M. Crooks and Mark S. Wrighton, doping/undoping of polyaniline for its application as a

Department of Chemistry, Massachusetts Institute smart material.

of Technology, Cambridge, MA 02139. Polyaniline films coated on tin oxide or gold electrode were

Many conjugated polymers show reversible electrochemically switched to show clear-to-green color

electrochemical oxidation accompanied by large cycles while it undergoes insulator-to-metal transitions.

changes in their conductivity. We have extended Under suitable conditions polyaniline has cycling lifetime
the potential range where durable conducting better than 100,000 cycles. The reason for the eventual

loss of response was found to be the loss of ohmic contact

polymers can be studied. We have investigated a at the interface between the polymer and the substrate
number of polythiophenes, polypyrroles, and instead of any irreversible chemical change of the polymer.

polyaniline by employing solvent/electrolyte The photochemical stability of polyaniline was also tested

media such as liquid SO2/[(n-Bu) 4NJAsF 6 where Theinhothesicl stblty of polyaniline
the electrochemical window is -0.2 to +3.9 V vs. during the switching cycles. Results indicates polyaniline
SCE. Measurements of relative conductivity as a is a potentially useful 'smart" material.
function of potential reveal that these polymers This work is supported in part by PPG Industries and by a
have finite potential windows of high contract administered by the Office of Naval Research from
conductivity, indicating that they only conduct DARPA.
in "mixed valence" states of fractional charge

per repeat unit as is the case for organic Q3.9
charge-transfer salts. Potential dependent MOISTURE EFFEC IN 14 TE CONDUCTING rOLYMRR,

changes in electronic structure have been probed MO ISTU E EF axzI u C. 'e aNDUMTN c CE,
by in situ vis-near IR spectroscopy and related POLVANILINE J.P. Travers. C. Menardo, and M. Nechischein. CENG.

to cyclic voltammetry and changes in DRF/SPh/DSPE (UPR CNRS 216), 85X, 38041 Grenoble Cedes, I)rance ;

conductivity. In contrast to polyaniline, the SK. Manohar and A.G. MacDiarmid, Department or Chemistry,
highest occupied electronic band of poly (3- University of Pennsylvania, Philadelphia, PA 19104-6323 (USA)
methylthiophene) appears to remain significantly
populated at the most positive potentials where It has been known for a long time that polyanllinc easily collects
the polymer is durable, and the conductivity
remains higher than that of the neutral polymer. moisture and that hydration plays an important role In the transport

properties. Conductivity (O and thermopower (S) have bccn measured as

a function of the water vapour pressure. For any protonation level or

polyaniline, hydration results in an Increase of 0 and a decrease of S. We

have undertaken different studies in order to determine whether the
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origin of the mechanisms which are responsible for these effects, is Weight ratio Tensile s rength Elongation at 6

microscopic or macroscopic. We will present measurements of of PPTA/PAn (N/mm) break, Z (s/cm)

conductivity in poly - N-methyl-aniline, which show almost no 4

dependence on the water vapour pressure. In this compound, most of the 4/1 12.5 4.0 1.5x10 3
acidic protons are substituted by methyl groups. Several results 3/1 20.1 4.0 2.6x10--1
concerning the moisture absorption process which have been obtained 2/1 _41.2 _4.0_2_ _ _ _ _

using proton NMR will be presented. In particular, we have shown that
the absorption is a bulk process, water molecules being fixed on, or pste are also reported.
nearby, the acidic sites of polyaniline (protonated sites). These two
results give arguments in favour or a microscopic origin of the observed Q3.12
effects. INFRARED REFLECTION-ABSORPTION STUDY OF ANILINE ELECTRO-

POLYMERIZATION ON STAINLESS STEEL. F. Gaillard,

Additional informations on the dynamics of the absorbed water molecules G. Bouyssoux, Dpartement de Chimie Appliqu~e et GLnie
have been obtained. Two water phases exist I) a solid phase composed of Chimique, CNRS UA-417, Universit6 Claude Bernard-LYON I,
strongly fixed molecules and a "liquid* phase composed of mobile 69622 Villeurbanne; and S.N. Kumar, Laboratoire de Physique

molecules. The role of the solid phase in a proton exchange mechanism de la Matinre, CNRS UA-358, I.N.S.A. LYON, 20 Av. Albert

between the polymer and the absorbed water will be pointed out. Einstein, 69621 Villeurbanne, France.

Q3 .10 Considerable work has been done recently on conducting
polymers, and among them polyaniline. For such studies,

FTIR in reflection-absorption mode has been shown to be a
SPECTROSCOPIC AND MOLECULAR WEIGHT STUDIES OF very powerful surface analysis technique.
POLYTOLUIDINES. Y. Wei and K.F. Hsueh, Department of Chemistry,
Drexel University, Philadelphia, PA 19104; A. Ray, A.G. MacDiarmid and Polyaniline films were grown on 304 L steel subjected to
J. Dykins, Department of Chemistry, University of Pennsylvania, PA various surface treatments, such as degreasing, etching and
19104-6323 and A.J. Epstein, Department of Physics, The Ohio State anodization. The FTIR spectra of the films formed showed
University, Columbus, OH 43210-1106. clear evidence for quinonic/aromatic alternating structure

involving head to tail coupling. This was found to be inde-
The base forms of poly(o-toluidine) and poly(m-toluidine) have been pendent of the thickness of the polymeric layer. The quino-
synthesized

1 
and characterized by UV-visible, infrared and lH NMR nic/aromatic ratio can be varied when the film is subjected

spectroscopy. Assignments of the proton NMR signals have been to further dedoping treatments such as KOH immersion or
facilitated by the use of model compounds. The distinction between electrochemical reduction.
benzenoid and quinoid methyl resonances in the NMR permits a semi-
quantitative estimation of the oxidation states of the polytoluidines. Infrared The IR absorption due to the aromatic ring strcture was
studies are consistent with a polyaniline-type backbone having pendant observed after a certain induction period during the init-
methyl groups. Both polytoluidines appear to be essentially identical to ial stages of electropolymerization.This was also confirmed
each other and have conductivities of about 0.1 S/cm upon doping with IM by X-ray photoelectron spectroscopy, Low energy electron
HCI. Field desorption mass spectrometry (FD-MS) gave a molecular induced X-ray spectroscopy and X-ray fluorescence spectro-
weight of up to -5,000. Gel-permeation chromatography of the same scopy measurements. Results on FTIR measurements performed
sample showed a biomodal elution pattern, suggesting that the FD-MS during the thermally induced structural changes of the
technique detects only the lower molecular weight fraction of the polymer. polymer will also be presented.
Despite this inherent limitation, FD-MS yields the interesting information
that the polymer contains chains of both odd and even numbers of repeat Q3. 13

units, necessitating the coexistence of different oxidation states in the base ELECTRICAL PROPERTIES OF POL ANILINE-POLYIER COMPOEITE
form of the polymer. FILMS. XeCheni. Son ; and Longg.i Zhong; Department

Q3.11 of Polymer Science,South China University of Technology

Guangzhou, P.R. China.

ELECTRICALLY CONDUCTIVE COMPOSITE OF POLYANILINE AND POLY(p- Polyaniline--Polymer composite films through chemical

PHENYLENE-TEREPHTHALAMIDE), Xian-Tong Bi, Chun Wang, Jing- oxidative polymerization using various oxidizing agents

Sheng Bao, Institute of Chemistry, Academia Sinica, Beijing

100080. China. 
such as potassium chlorate, ammonium persulfate, hydro-

The electrical properties and stability 
of polyaniline(PAn) gen peroxide etc ad employing a vinyl group polymer

prepared by chemical or electrochemical method are potential- film as a base polymer were prepared in a acid medium.

ly attractive systems, but the poor processibility of PAn ThejF analysis by AES, IR spectroscopy and X-ray photo-

restrict their potential for applications, electron spectroscopy shows that on these films polyani-

It was know, the poly(p-phenylene-terephthalamide) (PPTA) line isan organic polymer of emeraldine basic structure

can be used to make high modulus and high strength fibers by
dry-jet-wet-spinning method. and that it probably results from the coupling of chemi-

cally formed PhNE; radicals with the mononmer. The WAXD

In this paper, the improvement of the mechanical properties c fmra t m r e
of PAn by processing the concentrated sulfuric acid solution spectroscopy shows that polyaniline-polymer composite

of the mixture of chemically prepared conductive PAn powders films have some crystalline structural characteristics.

and PPTA in different weight ratio are presented. These films are flexible, stable in air and homogeneous.

The concentrated sulfuric acid solution of PAn and PPTA were and they display a conductivity of 10
4 --10-3 'Cm-

processed to films and threads, they are liquid crystalline which is in the range of semiconductors.
conductive polymers with good mechanical properties.

The data of electrical conductivities and mechanical proper-
ties of the threads are given in the following table:
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Q4. 1 Recent progress on the superconducting and normal state

PREPARATICN AND PROPEErIES OF ORGANIC SUPERC properties characteristic to the BEDT-TTF based organic

K- (BEO-T') 2O(NS) AND ITS RELATM MATmIALS. metals, including J-(BEDT-TTF)2X and K-(BEDT-
Gunzi Saito, The InsTitute for Solid State Physics, TTF) 2 Cu(NCS)2, are presented. In addition to the low- and
The University of Tokyo, Roppongi, Minato-ku, high-Ta states, with Tcl K and 8 K, respectively, a new
Tokyo 106, Japan. superconducting state with Tc=2K was found recently in

Sone important structural, physical and chemical aspects 1-(BEDT-TTF)213 . Out of a systematic study on the 0-
of an organic superconductor K-(BED- VT'F)2Cu(NCS) To of (BEDT-TTF) 2 X salts with the superconducting transition
which is the highest among the organic supercondut.ors so
far known, will be discussed. Single crystals of the salt temperature (Tc) varying from 8 K to below 1 K,
were prepared by electrocrystallization with three differ- empirical rules for various factors governing Tc in this
ent electrolytes. The crystal structure indicates that class of organic metals have been extracted.
dimerized BEWT-TIF molecules construct a two-dimensional In contrast to the quasi one-dimensional TMTSF
(2D) conducting donor sheet in the bc plane which is sand-
wiched by the insulating anion sheets composed of polymer- based Superconductors, two-dimensional nature of the

ized Cu(NCS)2 along the a-axis. Two kinds of sheets are electronic structure of BEDT-TTF salts has recently brought
linked by short atomic contacts between the terminal ethy- about a pronounced progress in the field of the Fermi
lene groups of BEZr-TrF and N and S atans of the anion. surface study (Fermiology) on synthetic organic metals

Tc of the BI)r-TTF-h8 salt is 10.4K and its deuterated through observations of various quantum oscillations. In

sample showed higher Tc by 0.5-0.6K(inverse isotope addition to the Shubnikov-de Haas and de Haas-van
effect). Magnetic susceptibility measurements indicate Alfen effects, a new oscillatory phenomenon characteristic
that the salt is non-ideal class II superconauctor and to a quasi two-dimensional electronic system has been
almost 100% of the perfect diamagnetism was observed below discovered in the angular dependence of
7K. Upper critical field is anisotropic. Hc2 values at

6K were about 13T and 0.5T in the 2D plane and normal to magnetoresistance. The latter phenomenon is shown to be
it, respectively. The ratio of GL coherence lengths were a new powerful tool in Fermiology.
estimated as bc(0): Ea*(0)=182A:9.6A=19:1. A Shubnikov-
de Haas signal was observed which indicates the existence Q4.4
of the closed Fermi surface. Some other properties HUBBARD PARAMETERS IN (BEDT-TTF)2 X CRYSTALS. Oliver H.
obtained by EPR, NMR, thermoelectric power, specific heat,
tunneling spectroscopic measurements etc. and Tc of BEET- LeBlanc, Jr., Margaret L Blohm, and Richard P, Messmer, General Electric

7T7 organic superconductors will be discussed for the Corporate Research & Development, Schenectady, NY 11301.

molecular design of new organic superconductors. Some
organic conductors related to K-(BEDT-TrF)2Cu(NCSl2 will Charge motion and spin exchange in (BEDT-ITF)2X salts can be described

be also presented. by a two-dimensional Hubbard Hamiltonian. The relevant Hubbard parame-
ters are computed for several of these salts, both superconducting and non-

Q4.2 superconducting. An ab initio tight-binding method is used, Hartree-Fock
FERMI SURFACE OF ORGANIC METALS P-(ET)2 IBr 2 AND LCAO molecular orbitals are determined for each unique BEDT-TTF

0- (ET) 213 STUDIED BY MEANS OF GALVANOMAGNETIC molecule in the crystal structure. Orthogonalized linear combinations of these
are used to compute intermolecular interactions between pairs of BEDT-TTF

MEASUREMENTS. V.N. Laukhin, H.V.Kartsovnik, and neutral molecules and + I radical cations situated at nearest-neighbor lattice
S.I.Pesotskii, Institute of Chemical PhysicsUSSR positions. One- and two-electron terms are included. Values are determined
Ac.Sci. , Chernogolovka, USSR; P.A.Kononovich, and for: intermolecular transfer integrals (t,), on-site repulsions (Ut,), and
I.F. Schegolev, Institute of Solid State Physics, nearest-neighbor repulsions (Vu). The computed magnitudes of these param-
USSR Ac . Sc i. Chernogolovka, USSR. eters are consistent with the use of the tight.binding method. The calculations

Angular and field dependencies o' the Shubnikov-de are repeated with small translational and rotational displacements of the

Haas oscillations and magnetoresistance have been moleculestodeterminetheeffectsoflatticevibrations.

studied in single crystals of the organic metals
0-lET) X (X z IBr and 13 ). For P-(ET)2 IBr2  the One-electron energy bands constructed from the t, ignoring the Uj, and Vi,

2 2  are generally similar to tiWose previously calculated by Mori and by Whangbo
electron orbits have been found to be op.n in the and their coworkers by semi-empirical, extended Huckel methods, but quite
c -direction and closed in the ab-plane. Two types different from those found by Kubler et a]. in 6-(BEDT-TF) 213 using
of the oscillations have been observed
orreonding to n heaextre ab-ene oss-d another ab initio technique, the augmented spherical wave method.corresponding to the extreme ab-plane cross-

sections values about 50 and 0.6% of the Brillouin
zone area and to the cyclotron masses cf 4.5 and However, the U and VU are so large (- 2-3 eV

) com pa red to the  ( -0 "leV )

0.5me, respectively. The classical magneto- that the one-electron band model gives a poor description of the ground state
and low-lying excited states of these systems. Evidently, a full treatment of the

resistance part have been shown, to oscillate with Hubbard Hamiltonian. with U, and V. taken into accoun is needed.
the field rotating in the ac -and b'c -crystal
planes, that is likely associated with the Fermi Q4.5
surface peculiarities. A possible shape of the
Fermi surface is discussed. For P-lET) 21 only SPEIFIC HEAT MEASUREMENTS ON K-(BEDT-

slow, oscillations at field directions close to T1'F):Cu(NCS).: R. G. Goodrich and Jing-chun Xu,

H//c have been observed. The extreme cross- Department of Physics ard Astronomy, Louisiana State

section value is about 1% of the corresponding University, Baton Rouge, LA 70803-4001; and Margaret
Brillouin zone area. Blohm and Oliver LeBlanc, General Electric Research

Q4.3 and Development Center, P. 0. Box 8, Schenectady,

SUPERCONDUCTING AND NORMAL STATE PROPERTIES OF NY 12301.
BEDT-TTF BASED ORGANIC METALS. Madoka Tokumoto,
K. Murata, N. Kinoshita, H. Bando, K. Yamaji and H. Anzai, We have measured the specific heat of iK-(BEDT-

Electrotechnical Laboratory, Tsukuba, lbaraki 305, Japan TTF)2 Cu(NCS) from 4 to 15 K. The superconducting
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transition at 9.4 K is observed in a 5 mg powdered Charge transfer complex films obtained in this
sample. Both the magnitude of the change in C, at Tc study are TTF-I, and TMTSF-13 . They were

obtained by double source evaporation of TTF and
and the temperature dependence of C. below T, indicate iodine or TMTSF and iodine under high vacuum.

a strong coupling superconductor. If the lattice specific Iodine was evaporated by using a crucible whoseha strong asumedng topeconantonrIutos dte trigidc temperature could be controlled down to about

heat is assumed to contin contributions due to rigid lO0K. Temperature of quartz glass substrates
body coupled translational and rotational modes between were kept at room temperature.

the two (BETF4TF) molecules and independently the The deposite films were confirmed to be really

translational and rotational modes of the Cu(NCS2 , also made of the charge transfer complexes by
absorption spectra of infrared and visible

treated as a rigid body, the phonon contribution to the regions. Electrical conductivities of the films
specific heat in the measured temperature range can be were 1-10 S/cm. Propeties of the films will be

represented by a Debye integral expression with a studied in detail.

Debye temperature of 68 K. These results indicate that Films of several other kinds of charge transfer
complexes will be made by the same way and will

in the temperature range of the superconducting be discussed their properties in dntail, too.
transition the dominate contribution to the phonon Q4.8
spectrum arises from these isolated molecular rigid body SYNTSIS, CRYSTAL STRUCTURE AND SPECTROSCOPIC
vibrations. STDZIS Or NEW CT COMPOUNDS OBTAIN BY REACTION

OF TTT AND TRE POLYOXOANION [1o6019]
Q4.6 D.Attanasio, C.Bellitto, M.Bonamico, V.Fares,

PRESSURE DEPENDENCE OF THE STRUCTURAL AND ELECTRONIC P.Imperatori, S.Patrizio, ITSE, CNR, Area della
PROPERTIES OF ORGANIC SUPERCONDUCTORS. Daniel Chasseau, Ricerca di Roma, C.P.10, 1-00016 Monterotondo
Jacques Gaultier, Hamid Houbib, Laboratoire de Cristallographie, URA
144 CNRS, Laurent Ducasse, Laboratoire de Physico-Chimie Thdorique, Low-dimensional synthetic metals based on the one-
URA 503 CNRS, Universiti de Bordeaux L 33405 Talence Cedex electron organic donor TTF (tetrathiafulvalene)
(France), Mohammed Kurmoo and Peter Day, Inorganic Chemistry have been studied extensively in the last decade.
Laboratory, South Parks RoadOxford OXl 3QR(U.K) Less attention has been paid to the TTF-derivati-

yes where the counter ion is an inorganic molecu-
Physical properties of molecular superconductors are very sensitive to high The only few known examples show interesting
pressure and a great number of experiments have been performed under electrical and magnetic properties. We have
these conditions. But, up to now, very few crystal structures have been decided therefore to study the reaction of the
determined by X-ray diffraction under pressure. We report here on the donor molecules derived from TTF with thgpolyoxo-
compressib of the (TMTSF)2-ClO 4 and (BEDTITF) 2 -Cu(NCS) 2  metalates having general formula ,M6019 , where
superconducting salts and on their structural and electronic properties M - Mo and W , n- 2, 3. Here we report the
derived from their high pressure crystal struture. preparation and the structural data of two new

compounds: (TTF) 3 [Mo 6 0 1 9 ] 1Th rsuedependence of the cell parameters of (/lS2 O4 has (TTF) 2 [Mo 6 01 9] 2
T us Both have been obtained by electroc stallization

been studied up to 12 Kbar at room temperature. The compressibility has technique from TTF and the [Mo6019 anion in a
been calculated. The angle between the direction of the principal mixture of acetonitrile and 1,1,2 C2 H3 C13 . The X-
compressibility and the stacking axis is about 20 degrees at ambient ray crystal and molecular structure of 1, refined
pressure; it strongly increases with pressure. The magnitudes and the bulk to an R - 0.025, shows a one-dimensional stack of
modulus do not vary. TTF, and each stack fits into channels formed by

the anions. Within the stack a chain of trimers
The crystal structures have been refined at 4, 6, 9.5 Kbar (R-0.05). The can be identified, the inter-trimeric distance
disorder of the perchlorate anion is reduced. The transfer integrals have being 3.51 A. The infrared spectrum at r.t. is a

typical spectrum of a TTF-mixed-valence derivati-been calculated; both normal and transverse overlaps strongly increase ve. The crystal structure and the physical
with pressure. At high pressure (P > 12 Kbar), the crystals become properties of both compounds will be presented
twinned and their three dimensional character disappears. and discussed.

A similar study is currently in progress on the (BED=TT) 2 -Cu(NCS) 2  Q4.9
superconducting salt which is up to now the molecular compound which A NEW SYNTHETIC METAL PRECURSOR: DIMETHYLTETRA-
exhibits the highest metal-superconductor transition temperature. THIOTETRACENE AND RELATED COMPOUNDS. Toshio

Maruo, Megh Singh and M. Thomas Jones,
Q4.7 Department of Chemistry, University of Missour-
THIN FILM FORMATIONS OF CHARGE TRANSFER St. Louis, St. Louis, MO 63121.
COMPLEXES WITH METALLIC PROPERTIES BY VACUUM

EVAPORATION METHODS. M.Yudasaka and K.Nakanishi, The electron donor tetrathiotetracene (TTT)
Materials Chemistry, Faculty of Engineering, forms charge transfer salts which at room temp-
Yokohama National University. Tokiwadai 156, erature possess some of the highest electrical
Hodogaya-ku. Yokohama 240, Japan conductivities of any known synthetic metal.
[{.Yamochi and G.Saito, Intitute for Solid State However, TTT is rather insoluble and hence
Physics University ot TOkyo, 1-77-2 Ropponqi, difficult to purify. Thus, the synthesis and
Minato-ku, Tokyo, Japan characterization of a new synthetic metal pre-

known to cursor, dimethyltetrathiotetracene (DMTTT), isA lot of charge transfer complexes are knw o described. Aaong the reasons for the synthesis
have metallic electrical properties. There have of DTTT are to obtain a compound with improved
been known even those which behave lik: ouilty and to o in at th qus oeo
superconductors. So far, studies to obtain films solubility and to investigate the question of
of these charge transfer complexes have not been whether a donor with symmetry of C, will resist
done enough. undergoing the Peierls transitiovbetter than

the parent compound which has symmetry of D2h.
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Cyclic voltaminetry studies show that like its insulators. The behaviour of bond lengths changes
parent, DMTTT, can be oxidized in two reversible in dddt by going from anion to cation comple~ies
one-electron steps. Each of the oxidation waves has been considered. The possibilities of the
for DMTTT is shifted to more negative potentials chemical modification for [Mtdddt)] salts have
than those observed for TTT as expected for a been discussed. The nature of both metal and anion
dimethyl substituted TTXT. has been established to influence strongly the

structure and conducting properties of these
Both 1:1 and 2:1 DM'TTTX complexes have been salts.
prepared and characterized. Comparisons of
physical properties and studies such as x-ray Q5.2
powder patterns, solid state ESR spectra, and NEW ELECTRICALLY CONDUCTING SOLIDS BASED ON
electrical conductivities are reported. To date,
these comparisons reveal considerable similarity NICKEL(II) - BIS(1 ,3-DITHIOLE-2-THIONE-4,5-DISELENOL-
between the properties of any given DMTr1T ATE). A. M. ini, H. H. Wang, M. A. Beno, U. Geiser, A. J.
complex and its corresponding TTT complex. Schultz, K. D. Carlson and J. M. Williams, Chemistry and
Q4. 10 Materials Science Divisions, Argonne National

?E"RU 7RQUI::OD NE7ANE(TN D) - ELECTRC'N-DEFIC- L
:l:NrT PROTOTYPE FOR A NEW SEPIES OF ORGA1,:C SOLID Lboratory, Argonne, Illinois, 60439.

MATERIALS.* Dav.id J. Vanderah, ! ;chard 7.

!nA n u .T ileadCrsE~n The metallo-organic compound nickel(II)-bis(1,3-
p~±tme~tCoce 3E3,Naval Vi'al-ons Cen-

n' .ake' C.. dithiole-2-thione-4,5-dithiolate), commonly referred to

weh~esvteszc nmero nvl - as [Ni(dmit) 2 )
2 -, has recently yielded several

_c crrpo,-nds suostituted with two or more electrically conducting and even superconducting
rTTetry'l cIroups. The title compound, TNQ, maeil.EcugdbytsefnnsadNgrs

was Pepared b% -vacuum pyrolysis of one Uf these, mtras norgdb hs idnsadNge'

ro eeo.-HNXi, via 1 ,1-elirmination recent preparation of its selenium analog
U 4 la* eae c h oewl nw nickel(II)-bis(1 ,3-dithiole-2- thione- 4,5- diselenolate).

tot racacoouinoc:ct.a&ITNQ), TNQ is tie first
e:..amo'e of' an ouinodimetharne system substituted [Ni(dsi) 2 ]

2-, we have studied the electro-oxidation of
natro gro,_,s. The TNQ system. should be more [Ni dsit) )2- with various cationic counterions. Our

e~ector-defi cient tha n 'LC'N owing to tie strong- [( )]
,:- e~ec-tror--wi*hraw_,nc nature of the ri*tro giroup results thus far indicate that the stoichiometries

i:t ere-bv rrav give rise tc complexes of enhanc- ~ctn N~st 2 ratio) of the resultant solids depend on
E 1. E ectr or macinetic properties. Evidence

c. ye-traicafer comFlex. of TNQ, has been the cation size--larger cations favoring l:1 and smaller
cLt 0e. cations favoring 1:2. Some of these solids structurally

:.auG nonr to TNQ, we are appiyinc ouc Eyntnietic resemble x-(BEDT-TTF) 2 Cu(NCS) 2 , an ambient pressure
r-toiogcy I-- prepare reatd isters. Our superconductor ( Tc = 10 K). Details of the preparation,

F.IIL~~urei-S o'r. te sncisOf other elC-

mro.-uf cntcompcnounos cuntaanir.3 nitro Qroups structural aspects, electrical properties and ESR results
jur.u new cr-aruc- transter comirceer 6er.-:eJ 'm fteenwmtraswl epeetd
,-7err w.,11 be presentec.ofteenwmtrasilbepsned

Q1_ 1 BRIDGED M.ACROCYCLIC TRANSITION MET1AL COMPLEXES, A

H:GHLY CONDUCTING COMPLEX, ES OF METALS WITH dmit NEW TYPE OF SEMICONDUCTIING MATERIALS. Michael

A.-L) dddt P,.HIOLATE LIGANDS. E.b.Yagobskii, Hanack, Andreas Hirsch, Armin Lange, Manfred

A.l.Koto%, L. .. buravov, and A.G.Khomenko, Rein, Giintmr Renz und Petra Vermehren, Institut

institute of ,hemical Physics, USSR Ac.Sci. , fur Organische Chemie, Lehrstuhl fur Organische

Chernogolo-ka, USSR; V.E.Shklover, S.S.Nawlapetyang cheimie 11 der Universit~t Tilbingen, Auf der

and Yu.T. Struchkov, A.N.Nesmeyanov Institute of Morgenstelle 16, D-7400 Tilibingen, West Germany

Ojrganoelement Compounds, USSR Ac. Si. , Moscow,
LSSR, and L.Yu.L'khin, Institute of Physical and
O'rganic Chemistry', Rostov State University, Bridged quasi onedimensional macrocyclic transi-

Rc'sto', USSR. tion metal complexes IMacML,, using phihalocya-
nine (Pcl, tetrabenzoporphyrine (TBP), 1,2- and
2, 3-naphthalIocyan ines (1,2-; 1,3-Nc) as macrocy-

ici:conducting metal dithiolates have been dles (Mac) with M = e.g. Fe, Thi, Co and L =e.g.
yteiedbased on an.on Autdmit) 2 (dmit =4.5- pyrazine tpyz), l,4-diisocyanobenzene Idib).

drnercapto -1.3-dithiol - 2-thione) and cation tetrazine ltz) exhibit interesting electrical

Mdddt), (M Ni, Pt, Au; dddt= 5.6-dihydro -1,4- properties. Regardless of the size of the
I bridging ligand after either chemical or electro-

dithlin-2.3-dithiolate) complexes. Crystal chemical doping stable semiconducting compounds
structures and condlucing properties hav e been [MacMLX,]. (X = e.g. 1, BF.-, CIO.-...) are

studied. [Au(dmit) 2j Bu N and (Au(dmit) 2 I Et N formed. For the first time the complete characte-
2 4 2 2 4 rization of a soluble oligomer IMacML). (Mac=

are -haracterized by the resistivity temperature R.Pc, M. = Ru, L = dib) by IH-NM.R spectroscopy is
dependencr of the metallic type down to helium
temperatuies. The [Midddt 2l1 + cmion chelates reported.

represent a new class of dithiolene compounds and Some of these shish kebab complexes e.g.

their salts are metal-complex analogs for the IpCM(tzl)), (M = Fe, Ru) or IMac:MCNh,; (Mac = Pc,

organic :uperoonductora of BEDT-TTF cation-radical TEP; M = Co, Fe) exhibit good semiconducting pro-

salts fanily. Till now only anion and neutral perties without additional external doping.

mptal -complexes of dddt have been known which are Whether or not these compounds are intrinsic
semiconductors will be discussed.
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The synthesis of oligomeric bridged mixed valence It has recently been demonstrated by several groups that Langmuir--Blodgett
compounds EPCM 3'LPcM' L] (M = e.g. Fe) is films can be constructed with polyheterocyclic conducting polymers basedanother target of our work. We report here aboutfirst attempts to synthesize these o higomers, on alkylpyrroles and alkyhhiophenes. In the case of alkylpyrroles, theQ5.4 heterocycle has a sufficient dipole moment to form a hydrophilic head

group. 3-alkyl pyrroles with a sufficiently long hydrocarbon tail becomeUniaxial Stress Effects an Optical Absorption
Spectra of Highly Oriented Iodine Doped su-face active to produce single phase LB films which can be polymerized
Phthalocyanine Films. Hiroaki Tsuyoshi. Masako at the air-water interface. The films can be transferred to substrates to form
Yudasaka, Masatoshi Tanaka, Kazuml Nakanishi, highly anisotropic conducting multilayer structures. Although poly(3-alkyl
Susumu Kurita, Faculty of Engineering, Yokohama
National University, 156 Tokiwadai, Hodogaya-ku, thiophenes) are not surface active by themselves, high quality LB films can
Yokohama 240, Japan be formed with mixtures with stearic acid. We have made detail studies of

the structure of these LB films with synchrotron radiation basedHtighly oriented films of iodine doped Pd- and

Ni -phtha locyarnines are known to be obtained by spectroscopies. The molecular orientation of the films have been studied
iodine doping into Pd- and Ni -phthalocyanine with x-ray absorption spectroscopy which separately reveal the orientation
epi taxial films which are avai lable on mica by of the alkyl chains and the heterocycle headgroups. X-ray diffraction has
vacuum evaporation. The films have one
dimensional like structures and show strong been used to study the long range ordering of both monolayer and
dichloism. Their absorption specrta are known to multilayer films. The intensity of x-rays emanating from a storage ring
have large maxima around 620nm and 570nm when allows in-plane x-ray diffraction of monolayer films. The detailed results of
the incident light is polarized perpendicular
and parallel to the one dimensional axis,
respectively. We could see further a small
maxima around 440nm in the parapllel Q6.2
polaritation case when the measurement LANGMUIR-BLODGETT MULTILAYER THIN FILMS OF
temperature was lowered down to -1805C.. ELECTRICALLY CONDUCTIVE POLYMERS. M. F. Rubner, I.

Watanabe, K. Hong and R. Rosner, Department of Materials Science andUniaxial stress have been applied onto the films Engir Ing, MIT, Cambridge, MA 02139.
by mounting them on the piezoelectric
transduser. The peak at 620nm and 505nm lost Well ordered mutilayer thin films of a variety of conjugated
their intensity and shifted toward higher energy
side by expansion along the one dimensional polyheterocycles have been prepared using the Langmuir-Blodgett thin film
xs. technique. This technique allows, for the first time, control over the

molecular architecture and superstructure of electroactive polymers. To
The results described above can be explained by date, two different methods have been established for the LB manipulation
ascribing the peak at 620nm to the -r " of these polymers. In one case, polypyrroles are synthesized directly at the
transition of phthalocyan.ne molecules as usual, air-water interface and subsequently fabricated into multilayer thin films.
that of 505nm to I2 , and that of 440nm to i, - The second method involves the LB manipulation of mixed monolavers

comprised of poly(3-alkyl thiophenes) and stearic acid. It has been found
Q5.5 that stable monolayers created from mixtures containing as much as 80 mole

DISCOTIC LIQUID CRYSTALLINE PORPHYRINS: PHOTO- % of poly(3-akyl thiophenes) fitted with alkyl groups ranging from four to
PHYSICAL AND PHOTOELECTRICAL PROPERTIES OF LARGE- eighteen carbons can be manipulated into LB films using the traditional
AREA CRYSTALLINE FILMS. Brian A. Gre , Dept. of Chemical verocal lifting technique.
Engineering, Marye Anne Fox, Dept. of Chemistry, and Allen J. Bard,
Dept. of Chemistry, University of Texas at Austin, Austin Tx. In both cases, it is possible to obtain multilayer structures which exhibit

highly anisotropic electrical properties. The level of anisotropy can be
further enhanced through the fabrication of novel organic superlattices

The discotic liquid crystalline (DLC) phase can be used to form large- comprised of molecular layers of conducting polymers alternating with
area, thin, crystalline arrays of one-dimensional conductors. A series of insulating layers of surface active molecules. In some cases, conductivity
octaalkylporphyrins bearing different side chains have been synthesized anisotropies (o.= / c2) of over 1012 have been achieved. Thus, it is
including some with electron-withdrawing substituents at the meso
positions. These materials are solids at room temperature and exhibit a possible to fabricate novel molecular architectures which exhibit high
single broad DLC phase before melting to isotropic liquids. The in-plane conductivities (as large as 5 S/cm) and exceptionally low transverse
photophyical properties of thin films of these compounds are a strong conductivities (essentially insulating). The results of optical, infrared
function of the film order (crystallinity). There is evidence for ring-to- dichroism, capacitance (as a function of frequency and film thickness), andfunion the tr lmrer (rstateorationpominity).Theretiente fot rig x-ray diffraction studies aimed at elucidating the structure and properties of
ring charge transfer state formation upon illumination of the most highly these new thin films will be discussed.
ordered filmns. 

Q.Q6. 3

These materials have been capillary-filled into thin cells consisting of HETEROCYCLIC POLYMERS AND COPOLYMERS WIT'H
two sheets of indium-tin oxide glass separated by I - 5 gm spacers.
Although completely symmet.ical, such cells develop large, stable CONTROLLED OPTOELECrRONIC PROPERTIES. Jose P. Ruiz,photovoltages and photocurrents when illuminated (e.g., Vo " 0.3 V, Kasinath Nayak, Dennis S. Marynick and JonnR. Reynolds, Center for

0.4to s m anude ht en ligh 1l0mi/n ate odel based on 03Advanced Polymer Research, Department of Chemistry, The University
j-0 m un wti 1 / )A d so of Texas at Arlington. Arlington, TX, 76019-0065.
kinetically-controlled asymmetric exciton dissociation and photoinjection

at the illuminated interface is presented to explain these results. This A series of aromatic polymers and copolymers have been investigated
appears to be the first unambiguous example of a photovoltaic cell that contain a combination of 2,5-thienylene and 1,4-phenylene
controlled entirely by interfacial kinetics. The predominance of the linkages. Bis-(I,4-thien-2-yl)phenylene monomers have been prepared
photoinjection process in these cells is attributed to the single-crystal- with a variety of substituents on the 2,6-phenylene positions.
like character of the porphyrin films. Subsequent oxidative polymerization of this monomer, both chemically
Q6.1 and electrochemically, yield a family of polymers containing a

thiophene-phenylene-hiophene repeat unit. Theoretical modeling, using
L-\NGMUIR-BLODGEIT FILMS OF CONDUCTING POLYMERS both PRDDO and ab initio methods, has been used to correlate
T A Skotheim. X O Yang. J. Chen. H.S. Lee, Brookhaven National thiophene-phenylene torsional angles with optical gaps. In addition,
Ldnoraiory, Upton, NY 11973, Y Okamoto, Polytechnic University, polymer band structure has been investigated using the Extended HOckel
brooklyn, NY 11201, M.L denBoer. Hunter College of CUNY. New York, method.
NY 10021. M.F Rubner, MIT, Cambridge, MA 02139, S. Tripathy,
t niversryv of Lowell, Lowell, MA 01854.
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Q6.4 Q6.6

SYNTHESIS, STRUCTURE, INFRARE SPECTRA, AND IODINE DOPING PHOTOLUMINESCENCE, ESR, AND ODMR STUDIES OF PRISTINE AND
OF UNSJBSTITUTED POLYAZINES. William B. Euler, Benjamin C. PHOTODEGRADED POLY(3-HEXYLTHIOPHENE) FILMS AND SOLUTIONS.
Gill, Department of Chemistry, University of Rhode Island, L. S. Swanson, L. R. Lichty, and J. Shinar, Ames Laboratory
Kingston, RI, 02881. - USDOE* and Physics Department, Iowa State University,

Ames, IA 50011-3020; K. Yoshino, Department of Electrical
We have shown previously that the permethyl substituted Engineering, Faculty of Engineering, Osaka University,
polyazine ( (N-C(R)-C(R)-N) , R-CH3 ) is a linear, con- Osaka 565, Japan.
jugated polymer that can be doped with iodine to give
highly conducting powders. It was thought that the remov- The photoluminescence (PL), electron spin resonance (ESR),
al of the pendant methyl groups would lead to an improved and optically detected magnetic resonance (ODMR) spectra of
polymeric conductor that would be analogous to polyacetyl- poly(3-hexylthiophene) films freshly cast from solution
ene. were measured as a function of 2.54eV irradiation in

various gases and in vacuum. In the pristine films, the

Unsubstituted polyazine (PAZ) is synthesized from the con- asymmetric ODMR spectra are decomposed into two gaussians
densation of glyoxal dihydrazone with glyoxal at room temp- 5G and 12G wide, split by AH = 2.4G at 9.4GHz and
stature in ethanol with acid catalysis. The IR spectra of attributed to polarons, thus demonstrating chargeproduct polymer shows a fairly intense and broad band at conjugation symmetry breaking. At 20K, the narrow
3300uct cmlyer towgrus. ofair intens ity mdbro baye acomponent is microwave saturated at lower power than the
3300 cm-1 due to OH groups. Some of t is intensity may be broad one. The 1.96eV exciton peak is very weak and the
due to occluded ethanol, but the primary source of OH is ODMR is absent in solution, hence both are suspected to
from nondehydrated imines, i.e., amino alcohols. This un- result from interchain recombination events. Exposure of
usual structure arises from the hydrated nature of glyoxal, the films to either oxygen or above-gap photons alone does
which is found as a trimeric dihydrate. Reaction in reflux- not noticeably affect the PL spectra, but an apparent
ing ethanol does not improve the dehydration significantly, photoinduced oxidation process quenches the PL and the
while going to higher temperatures decomposes the glyoxal ODMR. At -4mW excitation, the PL decay times are widely
dihydrazone. The amino alcohol sites in the polymer chain distributed from 35 - 6000 sec, possibly limited by 02
act as conjugation breaks within the n system. diffusion at long times. The exciton peak and its

sidebands decay more rapidly than the structureless
Despite the defects in the PAZ chains, the polymer can be component responsible for the ODMR.
doped with iodine into a conducting state. Room temperature
conductivities as high as 0.1 cm-l ohm-l can be attained. Operated for USDOE by Iowa State University under contract
IR spectra of the doped and undoped polymers are similar, no. W-7405-Eng-82.
showing that no major structural changes have occurred. One
new band does show up upon doping at about 1500 cm-l which Q6.7
grows in intensity with doping level and is attributed to a HELICAL CONFORMATIONS OF POLYTHIOPHENE,
bipolaronic type structure. POLYPYRROLE AND THEIR DERIVATIES. Miklos Kertesz

and C.X. Cui, Department of Chemistry, Georgetown
University, Washington, DC 20057.

Q6.5 Two stable conformations, a planar or nearly

planar rod and a coil, have been located on the
MODEL THIOPHEIEE OLIGOERS : ELECTRONIC PROPERTIES AND THIN potential energy surfaces of several conducting
FILA DEVICES. Den:i F'CHCU. Gles HDROW.:T and Francis polymers: polythiophene (PT). S . .. Laocratoire des Mater.aux Moleculaires poly(3-methylthiophene) (PMeT), Polypyrrole (PPy)

e- reHery Dun3n'-- 9432C.Thiais. France and poly(3-methylpyrrole) PMePy) . The planar
structure is slightly more stable for PT, PPy and

:: :i., of scncuc::g coniuwated pcivmers.short PMePy, while the coil configuration is preferred
:f contr;iled chain lenrta recentlv received much for PMeT. This finding could explain the

attention as mdel comonunds towards a etter understanding existence of the coil conformation for
c. the eiez.roznic properties of the corresponding polymers. poly(3-butylthiophene) in solution and for doped
7-e reR:z=-elective reconstruction of toe chain sequence PMeT and PPy in the solid phase. We have
frc: ze mcnzmer unit by means of organic synthesis afford$ identified a quinoid coil form of PT by our

:z'.erm size mclecules with a well-definec structure. calculations, which strongly supports the presence
of a coil conformation of doped PT derivatives.

:n Ezi paver we il.ustrate this new apcroach to electronic The band gap and total energy as a function of
:::.vmers wth a:nha-coniugated thiophene oligomers (a-nT) conformation iri-icate that the thermochromic
wi: = 2 to E. All oligothicophenes are individuallv svn- behavior of PT derivatives results from the change
"&es-ned Thin sci:d fitms of controlled th:ckness are in conformation with temperature. Similar
:rez:res c: various substrate by vacuum sublimation. behavior is expected for PPy derivatives.

Vibrational analysis for helical and planar
.n toe firs" oart. we discuss the ootical spectra of the conformation of PT has been carried out, which
f:.=. in tae:r neutral and dooed tates Th-'r th:rd order identifies experimental possibilities in
cD-:ca_ nn.ineari':es nave aisL den measured and MO distinguishing among the rod vs coil
calculat:ons of the cuo:: nonlinear parameters have been conformations. Similarities and differences with
Derformed as a function of the chain length and the inter- respect to polysilanes will be discussed.
r:ng conformati-on. On the other hand. the hiahiv stable
rad::a: cation CT+* has been prepared and characterized: Q6.8
it may be considered as the basic poiaron of pclythiohete RESONANT RAMAN SCA77ERING OF POLY-3-HEPTYLTHIOPHENE

C.Botta. A.Bolognesi. C.Catellari and S .zzU
Tne seconc part focuses on the use of semiconducting a-6T :qtituto di Chimica delle Macr omolecole . via
thin films in building Schottky diodes and field-effect Bdssini 15 . 20133 Milano . Italy. R Tubino dip
transistcrs. The main electric parameters of tnese Fislca Universita d Sassari.
aevices are ofte;, superior to those of Dolvthiohene:
"ar-icular7., carrier mobilities as high as 10-

2 We r eort re 3ondnt Raman scatterirn measurements on
cm-. V'.

- ' are obtained. Due to the good performances lE: Crosynthetized poly-3-heplyI-hiophene , an
of the a-5T MISFET's. oligothiophenes appear to be very 4nterestino polymer which exhibit thermochromic and
promising organic semlconductors, solvatochromic effects. The s3tectra of this

573

-1 __-



soluble conuqated polymer are obtained, at various molecule. The synthesis and properties of several
Stemperatures. using different excitin wavelenqgths.Both as grown films and solutions has beer near infrared absorbing analogues, substituted at

studded.The recults are discussed with reference to the acceptor end, will be reported and their
the specific electronic properties of the samplesas monitored by their U.V.-Vis. absorpition spectra. photochromic and nonlinear optical properties will

be assessed.
Q6.9

OPTICAL, ELECTROCHEMICAL AND STRUCTURAL Q7.3
PROPERTIES OF POLY(THIENYLENE VINYLENES) AND EFFECTS OF IN-PLANE 7' BONDING ON ELECTRONIC
POLY(PHENYLENE VINYLENES. H. Eckhardt, KY. Jen, C.C. Han, TRANSITION ENERGIES FOR INORGANIC POLYMERS, im
L.W. Shacldette, and R.L Elsenbaumer, Allied-Signal, Inc., P.O. Box E. ri, Pacific Northwest Laboratory, Richland, WA 99352.

1021R, Morristown, N.J. 07962

While the electronic structure of organic polymers is characterized
The electronic and electrochemical properties of poly(p-phenylene by o and out-of-plane it bonding networks, inorganic polymers
vinvlene), poly(thienylene vinylene), and their derivatives with electron also exhibit in-plane 7t' bonding interactions. The electronic
donating substituents such as methyl, methoxy, ethoxy, and butoxy transitions of these systems are often described in simple organic
groups were studied using electrochemical and optical techniques. It terms such as n-7r* and n-7c* excitations. The electronic structure of

both these systems can be well described in terms of their molecular
was found that electrochemically derived band gaps agree well with symmetry, even with the large bond polarity shown by such
band gap values obtained from optical measurements. Substitution compounds as polyphosphazenes and siloxanes. However, with the
with electron donating groups substantially lowers both oxidation presence of the in-plane it' bonding network, the optical transition

potentials and band gaps. A similar effect is attributed to the energies for the inorganic systems are much higher. In this paper,
we will present results comparing the electronic structure of pyridine

introduction of a vinylene linkage between aromatic rings along the and triazine as models for organic polymers, with those for the
polymer backbones of polyphenylenes and polythiophenes. Our fluorophosphonitrilic trimer and tetramer as models for the
results imply that through a proper choice of base polymer and polyphosphazenes.

substituents one can adjust the electrochemical potentials for the onset
of oxidation and reduction as well as substantially red shift the This work was supported by the U.S. Department of Energy, Office
absorption edge of these polymers. The ability to tailor these of Basic Energy Sciences under contract DE-AC06-76RLO 1830.
important properties provides these polymers with enormous
application possibilities. O.

SURFACE PLASMONS IN THIN FILM DIELECTRICS, I.
Q7.1 Risser and K.F. Ferris, Pacific Nonhwest Laboratorv, Richland,

WA 99352
ENHANCEMENT OF THE MAGNETIC SUSCEPTIBILITY OF AN
OR~GANIC COMPLEX The optical response of thin film dielectrics films s influenced by

The magnetic properties of (1,2-di (4-pyridinium) - phase homogeneity, interfacial strain, grain morphology, and the
2A presence and distribution of voids. Different film deposition

ethylene), [1,2-di (4-pyridyl)ethylene] ,(TCNQ) 3 - techniques have been found to generate distinct icrostructures

are dependent upon the spin density which for this which perturb physical and optical properties from their bulk single
crystal values. In small particle limit (X >>d), the mean field

system can be readily varied. X 3 00X/ X CurieLow for approach can be used for modelling the real part of the dielectric

x < , whereas for x > k the ratio is less than constant in terms of film microstructure. However, modelling of the
rmicrostructural effects is more complex when the size of the

unity and decreases with increasing values of x. In particles am approximately equal to the wavelength oflight We will

contrast, for x = the susceptibility is enhanced report on work to theoretically model the optical properies of these
particles using the retarded Maxwell's equations and the relation of

above the expected spin- Curie Law value. We have these theoretcally determined properties to the experimentally

observed a spread of susceptibilities but all determined values.

samples with x have shown enhanced magnetic

Work supported by the U.S. Department of Energy, Office of Basicb u TEnergy Sciences under contract DE-AC06-76RLO 1830.
Q7.2 Q7.5

NOVEL MATERIALS FOR OPTICAL DATA STORAGE PHYSICAL CHARACTERIZATION OF ORGANIC RADICALS BY LOW-FIELD ESP

SPECTROMETRY. Mehdi MOUSSAVI, Marc BERANGER, Denis DURET, Nelly
G.J.AisbwelI, E.J.C.Davnay and M.Szablewski KERNEVEZ and Liliane SECOURGEON, CEA-IRDI DLETI/DSYS/SESA, BP

Centre for Molecular Electronics, Cranfield 
85 X 38041 GRENOBLE. FhANCE.

Institute of Technology, Cranfield MX43 OAL, UK Electronic properties of organic materials are linked to their

magnetic properties mainly studied by high field ESP spectro-

metry. A low field (0.6 Gauss, 2 Nilz) ESP spectrometer provi-

The i-bridged donor-acceptor molecule, Z-R-(- ding quantitative parameters is described. It gives informati-

ons such as frequency dependence of the linewidth, 
anisotropy

alkyl- 4 -pyridinium)-a-cyanostyryldicyanomethanie, of inhomogeneous line and also the values of T , T2 and the
shows a photochromic transition at 495 nm. The band magnetic susceptibility using simple hypothesis.

is tunable and may be shifted by substitution, the The use of such a spectrometer is indispensable to establish

wavelength being dependent, in part, upon the a figure of merit for materialsiusable in ESR magnetometry. we
present some results in many cf known organic radicals:

difference between the electron affinity and Lithium phthalocyanine, fluoranthenyl derivatives. N- doped

ionisation energy of opposite ends of the same polyacetylens etc.. The behaviour of these radicals is compared
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to a radical anion salt, qw~nolinua bis tetracyanoquinodimethane Electronic absorption spectra of chemically modified
considered as a reference. polyaniline were studied as a function of the

The performances of this apparatus and a new 120 MHz ESR spec- electrochemical potential and the degree of protonation.

trometer which is under realization make their use envisageable The chemical modification involves attaching one or two
for superconductor materials and also free radical solutions methoxy functional groups to the aromatic ring at carbon
used in Nn magnetometers studies. positions next to the C-N-C bridge.

The electronic absorption spectra of mono-methoxy
Q7.6 substituted polyaniline are qualitatively similar to that of

the un-substituted polyaniline. While the di-methoxy
STUDIES ON THE FORMATION OF SWITCHING AND MEMORY substituted polyaniline show dramatic change of number of
STORAGE MATERIALS CONSTRUCTED FROM METALLO-ORGANIC bands and the position of bands.
CHARGE-TRANSFER SALTS Hjailing Duan, Dwaine 0.
Cowan, Department of Chemiscry; and Jerome Kruger, The chemical modifications change the oxidation potentials
Department of Materials Science and Engineering, and the pK of various oxidation and protonation forms of
The Johns Hopkins University, Baltimore, MD21218. the polymer. The conditions for insulator/metal transitions

are examined on a pH-potential phase diagram and are
Current controlled bistable switching and memory compared with that of the un-substituted and the methyl-

b effects have been observed on metallo-organic substituted polyaniline. It is concluded that both steric
charge-transfer salts, such as CuTCNQ and AgTCNQ, and electronic influences of thp methoxy substituents are
etc. These salts can be prepared by directly important to the modification of its electronic property.
reacting metal donors with organo-acceptors in an
acetonitrile solution. Metal donors both from This work is supported in part by a contract administered by
transition groups and main groups have been tried, the Office of Naval Research from DARPA.
Different metal donors showed different reactivity
with tetracyanoquinodimethane (TCNQ), as electron Q7.9
acceptor, in the formation of the charge-transfer ELECTRON PARAMAGNETIC RESONANCE OF STUDIES OF
salts. Electrochemical measurement has been DONOR-ACCEPTOR SALTS IN POLYMER MEDIA. S.A. Jansen
employed to characterize the donor reactivity in and Y.C. Fann, Department of Chemistry and Materials
the formation of the charge-transfer salts. SEM Science, Temple University, Philadelphia, PA 19122.
has also been used to examine the process of
crystallization of the charge-transfer salts on a Charge transfer complexes, their inherent electrical
spherical single crystal of Cu. A possible conductivity, magnetic properties and donor-acceptor
mechanism of localized corrosion-crystallizauion redox relationships, have been a focus of much
process has been proposed for the formation of the research in the last several years. One direction has
charge-transfer salts. been in the design of memory devices and applications

Q7.7 in molecular electronics. Our work has focused on
analysis of such processes in a polymeric film

0"SCAL STUDIES OF POLYANILINES: EFFECTS OF ALKYL RING- medium. Polycarbonate films of 7,7',8,8'-Tetracyano-
SaBSiaTUTION AND SOLVENT ENVIRONMENT. A Ray, A.. quinodimethane (TCNQ) and o-tolidine complexes were
fbacDarmid, Department of Chemistry, Unversty of Pennsylvania, studied by EPR spectroscopy from 100-300K. EPR
Ftiadelphia, PA 19014; I.M. Grader and A.. Epstein, Department spectra and magnetic susceptibility of the dispersed
o4 Physics, The Ohio State University, Columbus, OH 43210. charge-transfer complexes will be presented and

compared to the pristine materials. These studies
e~tyI and ethyl ring-substituted derivatives of polyaniline have were carried out as a function of donor/acceptor

beer synthesized and characterized by UV-visible-near IR stoichiometry and concentration within the polymer
spectroscopy. Optical spectra of the base forms in DMF solution matrix. Saturation studies show significant
suggest that the torsion angle between adjacent rings is increased differences as the composition varies. In addition,
by steric hindrance due to the alkyl groups in the substituted the g-tensor and linewidth are strongly dependent on
polyanilines, leadingtoblueshiftsinthe -4eV (-bandgap-)and--2eV temperature and composition. A detailed molecular
('exciton") absorptions and an accompanying decrease in relative orbital study has aided in the analysis of the
intensity of the "exciton" band. Steric considerations' appear to experimental data.
override electronic effects of alkyl substituents.i Q7.1i0

The methyl ring-substituted derivative, poly(o-toluidine), is shown HALL EFFECT AND MAGNETORESISTANCE IN UNDOPED
to exhibit solvatochromism. The "exciton, absorption shifts from POLY(3-HEXYLTHIOPHENE ). Azar Assadi. Christer Svensson and
2.03 eV in pure N-methylpyrrolidinone to 2.19 eV in pure CH2CI 2, Magnus Wilander. Dept. of Phys. and Measurement Technology, Linkiping
accompanied by a loss in intensity relative to the "bandgap University. S-581 83 Linkbping, Sweden.
absorption, with intermediate spectra observed in mixtures of these
two solvents. The phenomenon is attributed to the presence of a
more rod-like" state in NMP as compared to a more "coil-like" state Abstract.', in CH2CI 2. o oy3hxhipeeWe report studies of transport properties of thin films of undoped
The effects of alkyl substituents on acetic acid solution spectra of poly(3-hexylthiophone) (P3HT) The measurements were performed at room
emeraldine salt will be discussed with respect to polaron band temperature on material fabrcated by spimingapolymer solution ontooxidized
formation in these systems. 2 silicon or glass, in some cases in the form 9f a field effect transistor [i]. The

film thicknesses was in the order of 1000 A. We studied magnetoresistance,
1. J.M. Ginder, A.J. Epstein, and A.G. MacDiarmid, to be published field effect and Hall effect in these samples.
2. S. Stafstrom, J.L Bredas, A.J. Epstein, H.S. Woo, D.B Tanner, W.S.

Huang, and A.G. MacDiarmid, Phys. Rev. Lett. 59, 1464 (1987). Transverse magnetoresistance was measured on films on glass. A positive
magnetorsistmnce (DR/R) with an initial relative resistance increase rate of

Supported in part by DARPA through a contract monitored by U.S. T was found. Transverse magnetoresistance was also studied by
C.N.R. measuring the change of the field effect mobility with magnetic field. This
Q7.8 measurement was pr, rford using the field effect transistor structure. An initial

SPECTRO-ELECTROCHEMICAL STUDY OF RING-SUBSTITUTED mobility of 2.50 10
"-crn4/Vs was reduced in a tasverse magnetic field.

POLYANILINE: POLY( 2-METHOXYANILINE) AND POLY(2,5- We also carried out Hall effect measurements on films on glass using a Van del
DIMETHOXYANILINE). Robert Clark and Sze C. Yang, University Paw electrode configuration. he measured Hall mobility was l.,J10 ",
of Rhode Island, Department of Chemistry, Kingston, RI cm /Vs and the charge crrier concentration was found to be 9.40" cm "3.
02881.
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This mobility is thus somewhat lower than the observed field effect value At our Center, we have set up a state-of-the-art free-space
above, measurement apparatus for characterizing the electromagnetic

reflection and/or transmission properties of planar samples in
The strong magnetoresistance observed may indicate that the charge cariers in the 5-100 GHz frequency range. The heart of the apparatus
P3HT have spins, i. e. are polarons. consists of two spot-focussed antennas mounted on circular

tracks on a horizontal table, while the brain is constituted by a
it] A. Assadi, C. Svensson, M. Willander and 0. Inganls, "Field effect HP8510B vector network analyzer. The system is fully
mobility of poly(3-hexylthiophene)", Appl. Phys. Lett., Vol. 53, pp. automated and has been calibrated to yield reliable and accurate
195-197, 1988. S-parameter measurements. Firmware-type algorithmic
Q7.11 procedures have been designed to yield the complex

electromagnetic properties of the samples as functions ofELECTRON TUNNELING BETWEEN CHARGE DENSITY WAVE frequency. Validation against known materials has been carried
(CDW) AND NORMAL METAL AND BETWEEN TWO CDW's. out. New data pertaining to materials such as ferrites,
XiaoZhou Huang and Kazurxri Maki, Department of Physics, University conducting polymers, and chiral materials will be presented.
of Southern California, Los Angeles. CA 90089-0484.

Q7 .14
Making use of quasi-one dimensional Fr6hlich model, we stud' the elec- DONOR-ACCEPTOR MOLECULES FOR SECOND
tron density of states and the tunneling current between CDW and nor- HARMONIC GENERATION. Malcolm R. McLean, Mamoun
mal metal and between two CDW's. Unlike the one dimensional model, M. Badr and Larry R. Dalton, Department of Chemistry,
the density of states of a CDW has a sharp peak at w = A(T) + 55, R e Ba de and WillDamH i, Department oftor
where ,A(T) is the order parameter and io is the uxnesting parameter. Robert L.S. Devine and William H. Steier, Department of
The present result describes quite well a recent tunneling experiment by Electrical Engineering, University of Southern California, Los

Ekino and Akimritsu on NbSe3 . Angeles, CA 90089-1062.

The tunneling current between two CDW's includes a term analogous
to the Josephson current, which depends on the phase difference of two Present materials such as 2-methyl-4-nitroaniline (MNA) and
order parameters. However, unlike the .osephson effect there is no su- LiNbO 3 have X(2) values in the usable regime for certain
percurrnt between two CDW's. Further this term gives rise to an oscil- applications such as frequency doubling. However, although
lating current when two CDW's slide with different velocities along the the magnitude of the X(2) effect in such materials is
chain direction. appreciable, there are many difficulties in using these
Q7. 12 materials in several important electro-optical applications.

BELOW-GAP PICOSECOND PHOTOCONDUCTIVE RESPONSE OF Clearly, the development of new materials with improved

STRETCHED TRANS-POLYACETYLENE A.Walser, R. Dorsinville, R. qualities is essential for device development. Theoretical

R. Alfano, Physics and Electrical Engineering. Depts. City College calculations indicate that we can easily surpass the X(2 ) values
of New York 138th St. and Convent Ave. New York, New York of present materials. We are currently designing and
10031; G. Dellepiane. Universita' di Genova, Italy and R. Tubino synthesizing novel 3-ring aromatic materials with in built
Istituto di Fisica dell'Universita', Via Vienna 2, Sassari and robustness as a foil against degradation. Precedent for their
Istituto di Chimica delle Macromolecole, CNR, Milano Italy durability came from our experience with ladder polymers

such as PQL, PTL, BBB and BBL. Initial experimentation
The temperature dependence of the picosecond involved corona poling in a poly-methylmethacrylate matrix
photoconductive response with above gap excitation for an followed by measurement of the I0 value at 1064 nm utilizing
highly oriented form of trans-polyacetylene was recently a Nd/Yag laser at its fundamental frequency. Results look
measured 1 . Here, we wish to extend our past measurements of promising, with a value higher than MNA and comparable to
oriented samples and compare the temperature dependence of Disperse Red 1, but, more importantly, with minimal thermal
the photoconductive response with above gap excitation to that or atmospheric degradation.
of below gap excitation. When the direction of the external dc Q715
field is parallel to the chain direction (l-d configuration) the
fast response is independent of temperature while for current EFFECTS OF CONJUGATION LENGTH AND
flow perpendicular to the chains (3-d configuration) the fast SUBSTITUENTS ON THE CONDUCTIVITY OF
photoconductive response is temperature dependent. This OXIDATIVELY DOPED aw-DIPHENYLPOLYENES. Linda S.
response for the l-d and 3-d configurations occur for both Sapochak. Dave W. Polis, Art N. Bain, Larry R. Dalton,
above and below gap excitation. The activation energy for University of Southern California, Los Angeles, CA; and
above and below gap excitation is 0.048 eV and 0.063 eV Charles W. Spangler, Northern Illinois University, DeKalb,
respectively. The picosecond photo-conductive response for IL.
above and below gap excitation of trans-(CH)x supports the
theory that the mobile charged carriers (soliton and polarons) It has been demonstrated that the oxidative doping of
for both cases are one in the same. unsubstituted and substituted auo-diphenylpolyenes generate
The research at CCNY is supported in part by NASA and NSF. polaronic and bipolaronic intermediates that can be directly

observed by absorption spectroscopy. Furthermore, the
I A. Walser, A. Seas. R. Dorsinvile. R. R. Atfano. R. Tubino. Solid State transitions have been shown to directly correlate with
Communications. 67. 333 (1988) conjugation length and the electronic species are stabilized by

Q7.1 3 donor substituents and destabilized by acceptor substituents.
We now wish to report conductivity studies on these model

THE PENN STATE 5-100 GHz FREE-SPACE MICROWAVE compounds including the influence of conjugation length
CHARACTERIZATION SETUP. Deevak K. Ghod~aonkar, and effects of donor and acceptor substituents on the
Vilav K. Varadan and Vasundara V. Varadan, Researcn Center conductivity. The implications of these investigations on the
for the Engineering of Electronic and Acoustic Materials, 227 metallic conducting state of these model systems provides
Hammond Building, Pennsylvania State University, University -
Park, PA 16802. important information for design of new electroactive

materials.
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Q7.16 Q7.28 ABSTRACT WITHDRAWN

CHARGE TRANSFER COMPLEX OF HEXAKIS (ALKYLTHIO) BENZENE
WITH TETRAFLUOROTETRACYANOOUINODIMETHANE (i-EDTB)~2

TCNQF 4: A QUEST FOR TRIPLET STATE ! Daniel Chasseau, Marc
A116aume, Georges Bravic, Laboratoire de Cristallographie et Physique
Cristalline, URA 144 CNRS; Rene Lapouyade, Laboratoire de
Photophysique et Photochimie Molculaire; Jean-Pierre Morand, ENSCP
Bordeaux; Jacques Amiell and Pierre Delhaes, Centre de Recherche Paul
Pascal CNRS, Domaine Universitaire de Bordeaux 1, 33405 Talence
Cedex (FRANCE)

In order to evaluate the potentiality of organic donor molecules for
molecular/organic ferromagnets, with in principle C3 molecular symmetry,
as in the hexakis (alkylthio) benzene, we have prepared single crystals of
the charge transfer complex of triethylene dithio benzene (t-EDTB) with
TCNOF4, which has been subsequently oxidized with bromine and arsenic
pentafluoride gas.

The stoichiometry of this complex is 2:1 and it crystallizes in the triclinic
system, space group PI with the following cell parameters: a=11.515,
b=11.044, c=10.460 K. a=111.50 ° , 0,122.50 °, 7=93.82. The crystal

structure consists of columns of alternating donor dyads and acceptors
monads (DDADDA). The degree of charge transfer is estimated to be 0.2-
0.3 from the methods based on bond lengths.

Q.1

While (t-EDTB) 2 - TCNQF4 does not give a significant ESR spectrum, MAGNETISM IN DECAMETHYLrERROCENIUM TETRACYANO-
after treatment with the bromine gas a single line , centered around the ETHANIDE, !DMeFcI "[TCNE] - AND RELATED SYSTEMS'. Arthur J.
free electron g value, appears without any evidence of either a ground or Eestek Department of Physics and Department of Chemistry. TFe

i wOhio State University, Columbus, Ohio 43210, and Joel S. Miller,an excited triplet state. Oxidation process with AsF is under investigation, Central Research and Development Department, E.I. du Pont de
using the strategy developped by Chiang and coworkers. Nemours & Company, Inc., Wilmington, DE 19880.
Q7. 17 The three-dimensionally ordered ferromagneti, ground state of

FERROMAGNETIC INTERACTIONS IN A SERIES OF jDMeFc) "ITCNE- and its development from the paramagnetic
SCH:FF-BASE METAL-ORGANIC POLYMERS. F. Palacio, state have been extensively studied utilizing a wide variety of
J. 3arin, J. Reyes and F.J. L-zaro, I.C.M.A., techniques. The magnetic susceptibility for magnetic fields
C.S. .C. Universidad de Zaragoza, 50009 oriented parallel and perpendicular to the stacking axis is
Zaragoza (Spain) consistent with Heisenberg-like behavior, though the apparent

exchange interaction differs for magnetic fields oriented parallel
The synthes is and magnetic properties of a and perpendicular to the stacking axis. Neutron diffraction studies

series of metal-organic polymers of general show the presence of increasing order below the Curie
temperature, Tc = 4.8K. Specific heat experiments show a transition

formula ( 1M(C 1 3 H 1 7 N 3
) 
2 ]X" 6H20nl where M - to the ordered state at 4.8K and reveal the dominance of one-

dimensional interactions for T >Tc. AC susceptibility studies confirm
Fe (I) or Co (II) and X - S04, (NO 3 ) 2' (Cl-) 2' the transition and reveal the presence of unusual loss mechanisms
are reported. Magnetization and a.c. magnetic in the ferromagnetic state. Together these experiments lead to a
susceptibility measurements indicate the perspective of a transition from predominately one-dimensional
presence of strong ferromagnetic interactions in interactions for T>Tc to three dimensional ordering at To, to an
the materials. anisotropic ferromagnetic state for T<Tc. Numerous critical

constants have been estimated for these systems and show that the
behavior is intermediate between Heisenberg and lsing.like as the

The organic polymer is prepared from the material approaches the 3-D ferromagnetic transition. Selective i)
polycondensation of a di-aldehyde with a diamine replacement of the metal ion, ii) replacement of Me substituent
and it is diamagnetic. When the polymer is added groups with H, iii) use of C6-ring ligands instead of Cs-ring ligands,
to an aqueous solution of the corresponding and iv) replacement of TCNE with alternate acceptors has been
metallic salt, the resulting material exhibits carried out. These results are consistent with a model of
rather unusual magnetic properties. configuration mixing of the lowest charge transfer excited state

with the ground state developed earlier to understand the
The Fe-based polymers present rather high in- magnetic coupling in such systems.
phase (X') and out-of-phase (X") components of * Supported in part by the U.S. Department of Energy Grant No.
the ac magnetic susceptibility, with a maximum DE-FG02-86ER45271.A003.
in X' around 250 K. In the case of the Co-based
ones the anomalies lie between 1 and 10 K. In 08.2

the temperature range below the X' maximum, the
frequency dependence of the a.c. susceptibility FERROMAGNETIC INTERACTIONS IN ORGANIC SOL-
and the magnetization are consistent with those IDS: AN OVERVIEW OF THEORY AND EXPERIMENT.
of a blocked superparamagnet. J. B. Torrance, IBM Almaden Research Center, San Jose, CA,

U.S.A.
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The simple model' for ferromagnetic interactions in a segregated be discussed. Hydrogen bonding between the poly-
stack of organic radicals is reviewed. In order to test this model, diacetylene chains as estimated by X-ray crystal

structure of 1 is considered to be responsible for
spin interactions between two benzene radical anions have been increasing the dimension of the spin alignment.
calculated2 and shown to be indeed ferromagnetic. As an exper-

imental test of this model, a series of cation radical salts of Q8.5

decacyclene were prepared, but did not exhibit ferromagnetic ROLE OF TOPOLOGY IN SPIN ALIGNMENT OF ORGANIC
interactions3 Organic ferromagnetism was found', however, in the MATERIALS. Koichi Itoh, Takej i Takui, Yoshio
polymeric system based on triaminobenzene. Recent Teki, and Takamasa Kinoshita, Department of

Chemistry, Faculty of Science, Osaka City
polymerization studies4 of this system are also discussed. University, Sugimoto, Sumiyoshi-ku, Osaka 558

Japan.
1J. B. Torrance, S. Oostra, and A. Nazzal, Synth. Met. 19, 709
(1987). Since the detection of m-phenylenebis(phenylmeth-
2p. S- Bagus and J. B. Torrance, Phys. Rev. B39, 7301 (1989). ylene), the first organic high-spin molecule, in

Sar1967, we have synthesized and characterized a
3J. B. Torrance, P. S. Bagus, I. Johannsen, A. I. Nazzal, S. S. P. series of organic high-spin molecules as models
Parkin and P. Batail, J. Appl. Phys. 63, 2962 (1988). for organic ferromagnets and ferrimagnets. The
41. Johannsen, J. B. Torrance, and A. 1. Nazzal, Macromol. 23, molecular design for most of these compounds has

566 (1989). been based on the utilization of pi spins in
topologically-degenerate non-bonding MO's as well

Q8.3 as of sigma spins in localized orbitals on the
divalent carbon atoms of carbenes. In this paper,

RECENT PROGRESS IN THE PREPARATION OFORGANIC it is shown that the spin alignment in such
METALS ANDORGANIC FERROMAGNETS. FrWL Fritz organic compounds as determined by single crystal
Closs.Pierre-MarcAllemand, GordanaSrdanov, Toshiyasu ESR is highly dependent on the topological nature
SuzukiHeildsotalo HamidKasmaiandHidekiYamochi, of their molecular pi electron networks. This
Institute for Polymers andOrganic Solids, Departments of Physics remarkable nature is further interpreted using the
and Chemisty, University of California, Santa Barbara, Califomia topological isomers of bipheny-n,n' -bis (phenyl-
93106 methylene) in terms of their spin density

distributions which have been determined by a
The preparation and properties of new organic metals based on single crystal ENDOR technique and compared with
bis(ethilnedioxo)tetrathiafulvalene(BEDO)willbepresented. Thesein- theoretical values calculated on the basis of a
clude the AsF6, PF6, and N(CN)2 salts as well as the three dimensional generalized Hubbard model and the Heisenberg
metal [(BEDO)415]. The results ofelectron spin resonance, magnetic model; this is interesting because one of the
susceptibility, and transpor will be presented. isomers (n=n'=3) has the ground state whose spinmultiplicity is predicted differently by molecular

The preparation, epr, ENDOR, andmagneicsusceptibilityofasingle orbital and valence bond methods. Our approach
crystal of a nitroxyl which has magnetic susceptibility behavior of a has been extended to polymers in order to
ferromagnet with a low transition temperature (9 = 0.9K) wiU also be elucidate the origin of their magnetism. The
presente. Its properties will be cormelated with its crystal structure and results of their magnetic characterization will be
molecular orbital calculations. The former shows short inter hetero atom discussed.
contacts and hetero atom-carbon contacts. Q8.6

ROLE OF HIGH-SPIN MOLECULES AS MODELS FOR ORGANIC FERRO- AND
Q8.4 FERRIMAGNETS. AND PI-TOPOREGULATED MAGNETIC POLYMERS. Take i

Takui, Masayuki Okamoto, Kazunobu Satoh, Toyohiro Shichiri.
MAGNETIC PROPERTIES OF MICROCRYSTALLINE "POLY- Yoshio Teki, Takamasa Kinoshita, and Koichi Itoh, Department of
(PHENYLDIACETYLENES)" CARRYING RADICAL OR CARBENE Chemistry, Faculty of Science, Osaka City University, Sugimoto,
CENTERS ON THE SIDE CHAINS. Noboru Koga, Katsuya Sumiyoshl-ku, Osaka 558, JAPAN.
Inoue, Noriko Sasagawa, and Hiizu lwamura*,
Department of Chemistry, The University of Tokyo, The quest for organic magnetism is the focus of current topics
7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan from both academic and industrial sides. Our continuing study of

high-spin molecules as models for organic ferro- and ferri-
According to the theories of topological symmetry of magnets can be traced back to the detection of the first high-
conjugated molecules and the EPR experiments on spin hydrocarbon, m-phenylenebis(phenylmethylene) i- 1967 by one

of the authors and to the proposal of pi-toporegulated ferromag-model dimers, the exchange coupling between radical netic polymers. Our strategy for obtaining organic magnetism
centers attached to the phenyl rings is predicted to contains (1) molecular design for high-spin assemblies exploi-
be ferromagnetic in poly( l-(m-or p-substituted ting topologically-degenerate pi non-bonding MU's and (2) intro-
phenyl )-1 3-butadiynes) obtained by topochemically duction of functional groups such as heteroatoms and methylene
controlled head-to-tail polymerization, as bridges between high-spin assemblies in order to increase

dimensionality of spin structure. In the latter study, exchange
The 1-phenyl-1.3-butadiyne derivatives (1 and 2, interaction via an ether bridge or via methylene between two
respectively) carrying stable t-butylnitroxyls (aN high-spin assemblies has been examined by single-crystal ESR
1.35 inT) and diazomethyl groups have been prepared. spectroscopy. Whether it is ferromagnetic or antiferromagnetic
Mixed crystals of 1 and the corresponding depends upon the substituted position of the bridge, demonstra-
hydroxylamine (<1:1) polymerized in the solid state ting the importance of the topological nature in spin ordering.
at 100 C to give black-violet microcrystals with It turns out that superexchange interaction or hyperconjugation
metallic luster. A microcrystalline sample of 2 mechanism can dominate spin ordering between high-spin assem-
underwent spontaneous polymerization at room blies. Using the criteria obtained, model compounds for units of
temperature when crystallized to give an insoluble organic ferrimagnets have been synthesized and their spin struc-
polymer which was then photolyzed at cryogenic tures have been determined. In order to elucidate spin ordering
temperature to generate triplet carbene centers in organic compounds and ferromagnetic behavior originating fromattached to the phenyl rings of the poly(phenyl- molecular/organic based moieties, it is indispensable to obtain
diacetylene) information on the hpin density dibtributiur, in their units such

as high-spin molecules or radical sites. We have applied single-
crystal ENDOR and TRIPLE techniques to typical types of high-Some of these microcrystalline polymeric samplem spin molecules, one of which is the model unit of an organic

were responsive to a magnet at room temperature. ferrimagnet, and we have tested various spin-prediction theories
Magnetic susceptibility data of the two samples will in terms of the spin density distributions obtained.
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08.7 Recent interest in synthesizing organic polyradicals with very
THERMAL STABILITY OF MAGNETIC PROPERTIES OF DEHYDROGENATED high spin ground states has been spurred by the hope that
TRI-ARYLMETHANE RESINS. Michlya Ota, Gunica College of macromolecular pi-conjugated polyradicals could have
Technology, Maebashi, Gunma 371, Japan; Sugio Otani Faculty of potential use as magnetic materials. We have been interested
Engineering, Gunma University, Kiryu-shi Gunma 376, Japan in synthesizing diradical and polyradical systems based on

tri- phenoxyl radical units linked by various conjugating units
We have already reportfd2 f the ferromagnetic behavior of with different non-Kekule connectivity parities (see the
arylmethane resins. These resins were prepared by
heating the mixture of aromatic compou i and aromatic alde- generic diradical structural unit below). Experimental
hydes in the presence of acid catalyst. ' Magnetic prop- progress in synthesis and study of such model systems will be
erty appeared with dehydrogenation by photo-oxidization of discussed.
methine proton. These dehydrogenated resins gave the magnetic
hysteresis by vibrating sample magnetometer(VSM). 0 x .CHOC"

Recently, spin states of these resins are investigated from X -C:::C-
the standpoint of electron spin resonance(ESR) by Itoh's. CCH2
group. However, the stability of a magnetic property has not ..O-,-S--NR-
been discussed yet in details. . 0

It was found that the magnetic properties disappeared by generic dindical model
exposing the dehydrogenated resins to hydrogen halide(ex. 09.1
HCl), activated 0 and other fresh radical scavengers.
This quenching beavior was observed by the VSM oj )the quali- SYMMETRY, CHEMISTRY AND OPTICS: A COMBINED APPROACH
tative check named as "moving test on the water" ), that is, TO MOLECULAR ENGINEERING IN NONLINEAR OPTICS.
hysteresis loop disappeared to become diamagnetic and moving J. Zyss - CNET (LA CNRS 250) 196 Av. H. Ravera
test was negative because the resin did not move on the sur- 92220 BAGNEUX - FRANCE
face of water after exposing. The purpose of this work is twofold : first we point-out the relevance,
This presentation will be further discussed on thermal towards nonlinear material definition and optimization, of Maxwellian
stability of magnetic properties. propagative considerations beyond classical chemical and crystallographic

crteria. Conversely, we show that these latter criteria, although often
The authors wish to thank Prof. K. Itoh, Dr. T. Takui, and Dr. ignored in optical physics type of studies, may help considerably simplify
Y. Teki, Osaka City University for useful suggestions and propagative phenomena in complex low symmetry molecular crystals. We
discussions, show that phase-velocity, group-velocity and group-velocity dispersion

matching configurations are demanded, either independantly or jointly, in
Reference order to enhance the yields of frequency conversion and parametric
1) M. Ota, S.Otani et al., 57th JCS Annual Meeting, 3D410- amplification processes. Such configurations are discussed within a simple

geometrical framework which encompasses both phase-matched and

Q8. 8 unphase-matched, type I and type II, collinear and non-collinear processes.

POLYPHENOXY RADICALS : SYNTHESIS AND HOMOPOLY- The trade-off between angular and spectral acceptance is quantitatively

4EIZATION OF 3.5-DIiteTBUTI'L-4.HYDROXY'PHENYL related to walk-off and group velocity matching and "optimized"
R T.5 -e T YL ATH E OY phase-matched propagation geometries defined for various nonlinear

DERIVATIZED OLEFINS AND METHACRYLATESI
. R crystals and laser pulse durations. Finally we propose to complement the

Unasani 2 , Long Y. Chiang. and Dave P. Goshorn, Corporate usual oversimplified classification of nonlinear quadratic materials in terms

Research Laboratories. Exxon Research and Engineering of d, n3 by a scale of more relevant parameters.
Company. Annandale, NJ 08801. In the second part, we discuss frequently encountered low-symmetry biaxial

Stable polyradicals can be used as precursors for molecular crystals. The complexity of optical studies in such media is due
organic ferromagnetic materials. We evaluated the to the apparently arbitrary orientation of the optical dielectric framework

thermal and chemical stability of various polyphenoxy which, by lack of crystalline symmetry, is not "overdetermined" along unit

radicals prepared through the modified synthetic methods. cell axis directions. We infer this orientation from the anisotropy of the

The monomeric 3,5-di-t-butyl-4-hydroxyphenyly molecular polarizability within a simple oriented gas model. We suggest a

derivatized oleftns and methacrylates were prepared in simple optical experiment to account for the departure of the
multistep synthesis starting from 2,6-di-t-butylphenol. Lorentz-Lorenz local field operator eigenframework from the optical
These monomers were polymerized in the presence of dielectric axis.
radical initiators at the refluxing temperature of aromatic
solvents under an inert atmosphere. Stable phenoxy Q9.2

radicals can be obtained by the oxidation of polymers withlead oxide and other oxidar, These radicals were NEW SECOND-ORDER NONLINEAR OPTICAL ORGANIC
characterized by ESR and t h solid state magnetic CRYSTALS. D L.-T. Ceng, G. Desiraju*, G. R. Meredith
susceptibility were measured at various stemperaures and F. C. Zurmsteg, E. 1. du Pont de Nemours & Co., Central Research &

Development Dept. Experimental Station, Wilmington, DE.

I This work is supported by the National Science The design of molecular crystals with specific optical properties, which amt
Foundation (DMR 8822532). thought to arise from constituent molecules' polarizability properties, is a

2 Physics Department, Princeton University. desirable but currently unachievable goal. One can partially achieve this

Princeton. Nr n P en rs goal by choosing compounds with specific molecular attributes and
empirically detemine the maner in which these ae translated into crysal
properties. Beside, s the tact that there are no certain rules for prediction of

Q8.9 crystal packing arrangements, there is also a problem in specifying
molecular propa es fr what are today inco mplete poliz~aiity s c"ren -

ORGANIC POLYRADICAL MODELS FOR ORGANIC propylaionip .Wehav, palhtheelmo dentitiednew
MAGNETIC MATERIALS. David A. Modarelli, Frank C. olc lr tal bya nonlinearoptical (powder-Sun) scoutng-s ng

program from lints of compounds chosen due to perceived desirable
Rossitto, Masak Minato, and M i University of molecular properties. Ex tion of successful materials has revealed
Massachusetts, Department of Chemistry, L.ederle Graduate interesting, new alignment motifs. We will describe some of these materials
Research Tower, Amherst, MA 01003 and their preparation, relating molecular and crystal properties and

5stuctures.
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"Current address: School of Chemistry, University of Hyderabad, generation, d. , was also measured at 1.06 and 1.62 microns by
Hyderabad, India comparison with d, of y-cut quartz. The second harmonic and

electro-optic results are compared to a theoretical model in
09.3 which the molecular nonlinear susceptibility, 3. , is assumed it)

SYNTHESIS, THERMAL BEHAVIOR, AND SECOND-ORDER be the only contributing tensor component.
NONLINEAR OPTICAL PROPERTIES OF CONJUGATED.
ACCEPTOR/DONOR COMPOUNDS. James F. Wolfe. Susan P. Ermer, Q9 .6
Steven M. Lovejoy, Doris S. Leung. Ken Awn, Glenn A. Hansen, Lockhed QUADRATIC NONLINEAR OPTICAL PROPERTIES OF DIVA
Missiles and Space Co., Inc. Palo Alto, CA; and Steven P. Bitler, SRI CRYSTAL. Tatsuo Wada, C. H. Grossman, Shinji
International, Menlo Park. CA. Yamada, Akira Yamada, A. F. Garito and Hiroyuki

Sasabe, Frontier Research Program (RIKEN), Wako,

A series of new noncentrosymmetric compounds having both electron- Saitama 351-01, Japan.

accepting and electron-donating substituents on a conjugated, aromatic New organic nonlinear optical crystal : dicyano
heterocyclicstmctureweresynthesizedandtheirspectroscopic, thennal, and vinyl anisole (DIVA) has been grown from vapor
solubilitypropertiesdetermined. Second harmonic generation (SHG) of the by low pressure sublimation and from saturated
materials was studied by DC-induced SHG experiments. Although these sol uti on by so1 vent evaporation. Evaporation

materials are directly applicable t processing in guest/host systems, this rate was controlled by monitoring the vapor
study was designed to elucidate the relationship between structure and pressure of solvent. Crystallographic structure
nonlinear optical activity, so that optimal structures could be chosen for and quadratic nonlinear optical properties were
attachment as polymer side-chains. investigated.

Because the compounds am comprised of the following four components: an The methoxy groups are nearly aligned along the
electron-Acceptor a Linking moiety, a Heterocyclic moiety, and an electron- crystallographic b-axis, while the dicyano
Donating group, we call them ALHD compounds. The synthetic groups have approximately a 55 0 direction cosine
methodology relies first on the synthesis of a 2-phenylbenzazole that is
substituted with both a primary and a secondary amine. the latter substituent to this axis. Molecular orientation in DIVA
providing the electron-donor and the primary amine providing a site for crystal with space group P2 1  is favorable forthe highest possible value of phase-matchable

atachment of the electron-accepting moiety. A variety of electron-accepting coeff i c ient.

groups were thus attached by a Schiff base formation with appropriate
aldehydes and ketones. Both TYPE I and TYPE II phase matched second

The solubility of ALHD compounds could be modified by varying the alkyl harmonic generation (PMSHG) were observed from

substituents of the secondary amine. Those materials with long alkyl chains naturally grown faces of single crystals.

showed unique thermal behavior, including the formation of smectic phasesa from 0.8 tO 1 #m. The effective TYPE I PMSHG

elevated temperature. DCSHG experiments to determine the molecular coefficieto(a combihnation cf ive 1 YPE I3 and
nonlinear susceptibilities will be discussed. coefficient (a combination of d2 , d23 and d25)

was determined as deff = 4.9 x 10- esu = 4F x

Q9.4 d 1 of quartz at a wavelength of 1.064 um.
Blue laser generation and optical parametric

Material . yot a ultierequenoy PbotaobhrSiO memory effects of DIVA crystal were also investigated.

Geoffrey J. Ashwell and arek SzableWSki Q9. 7
centre for molecular ElectronLce, cranfield Institute of

Technology, Cranfield NX43 OAL, UK EFFICIENT SECOND HARMONIC GENERATION OBSERVED IN HYDRAZONE
DERIVATIVES OF AROMATIC ALDEHYDES. Richard S. Potember, Karen

TcNO reacts with picolinium, lepidinius and qulnaldinium salts to A. Stetyick, and Robert C. Hoffman, The Johns Hopkins

give awLtteriolic materials of formula O'-c-CC(CN)-C 6 H.-C(CN). University, Applied Physics Laboratory, Laurel, MD 20707-6099

where D' is a heterocyclic group. The materials have large second

order molecular hyperpolarisabilities and are also photochromic'
,  Efficient second harmonic generation in 4-nltrobenzaldehyde

hydrazone was first observed by Davydov et al. in 1977.
the latter being attributed to intramolecular charge transfer and Recently. we observed efficient second hamonic generation in
internal reorganisation with the formation of the neutral quinonoid analogous hydrazone derivatives of aromatic aldehydes formed

form. Their LB films show sharp non-overlapping charge transfer by the condensation of the aldehyde with the appropriate

bends and, by switching the components at different frequencies, hydrazine. The materials were tested using the widely-used

multilayer films have the potential to store several bite per Kurtz powder technique.

pixel. Three suitable materials with sharp, erasable, charge High SHG efficiencies were observed in 3-methoxy-4-nitrobenz-
transfer bands at 495, 56S and 614 nm have been identified. aldehyde hydrazone (32 times ADP), 3-methoxy-4-nitrobenz-

aldehyde methylhydrazone (10 times ADP), 3-methyl-4-nitrobenz-

1. G.J.A#hwell, US Patent Appl. a907311.9 (19 9). aldehyde hyct-azone (25 times ADP), 1-naphthalenecarboxaldehyde
hydrazone (5 times ADP) and 1-pyrenecarboxaldehyde phenyl-

Q9.5 hydrazone (20 times ADP). The absorption edge of 4-nitrobenz-
aldehyde hydrazone (490 nm) was shifted to approximately 440

ELECTRO-OPTIC AND NONLINEAR OPTICAL to 450 nin by adding methyl and methoxy donor groups adjacent

PROPERTIES OF 2,6-DIBROMO-N-METHYL-4- to the acceptor group on the aromatic portion of the molecule.
NITROANILINE (DBNMNA) CRYSTALS. Alay Nahata, The absorption edge of 3-methoxy-4-nitrobenzaldehyde hydra-

Czone, 3-methoxy-4-nitrobenzaldehyde methylhydrazone.
Keith A. Horn and James T. Yardley, Allied-Signal. Inc., 3-methyl-4-nitrobenzaldehyde hydrazone was 442 n, 452 ri and
Engineered Materials Sector, Columbia Turnpike, Morristown, 444 tim, respectively.
New Jersey This work supported in part by the Dept. of the Navy contract

Single crystals of a new nonlinear optical material, 2,6-dibromo- N00039-89-C-5301.

N-methyl-4-n'roaniline (DBNMNA), have been prepared and
found to belong to the orthorhombic system, polar spice group
Fdd2. Both the linear and quadratic elertrn-optic coefficient"
were measured at 633 and 810 nm. The refractive indices were
obtained using a Brewsters angle technique for biaxial crystals.
The nonlinear optical susceptibility for second harmonic
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Q9. 8 transfer onto solid supports. In these 2D
monolayers, molecules are highly organized, so

FERROELECTRICITY OF CHIRAL COMPOUNDS IN HIGHLY that complex organizates aimed at specific
ORDERED SMECTIC PHASES. W. Haase A.M. Biradar, properties can be built. One of these, a

and S. Wr6bel, Institut far Physikalische Chemie, semi-amphiphilic complex made of two SCN and
Technische Hochschule, Petersenstr. 20, D-6100 two amphiphilic phenantrolines in a cis position,

Darmstadt, Federal Republic of Germany. exhibits a spin transition around - 20 0C. It
switches from high spin (S = 2) at room
temperature to low spin (S = 0) at low

Ferroelectric liquid crystals showing a Sop temperature. The transition does not follow the
o n -phase expected thermal Boltzman statistics, but is

are truly a very spectacular material for the flat rather steep, pointing out molecular cooperation.
screen. The respone time in the is-region is very The L.B. film exhibits a hysteresis about 5 OC in
short. Recently, several groups developed series width, while the parent 3D compound exhibits a

of different materials showing some favourable hysteresis of less than 1 °C, but a much sharper

properties as polarization, switching time, transition. This apparently contradictory behaviour
is ascribed to the high impurity content of the L.B.

stabi 1 ity, etc. We are focussed on the related film in association with high intermolecular
properties of the more crystal like chiral tilted coupling.
phases.

09.11

report is given on the bistability. polarization EFFECTS OF MOLECULAR RIGIDITY ON ELECTRIC FIELD-

effect, switching time, and on the dielectric INDUCED ALIGNMENT AND ORIENTATIONAL STABILITY OF

properties in the low and high frequency range of DIPOLAR CHROMOPHORE COMPOSITES. IE. Katz, M.L.

a mixture with a broad S*-phase. Also the proper- Schilling, W.R. Holland, and K.D. Singer, AT&T Bell Laboratories,

ties of single compounds with S(- and S;-phases Murray Hill, NJ 07974, and Princeton, NJ 08540.

are reported. Application aspects of higher The fabrication of second order nonlinear optical materials requires

ordered phases will be di scuased. the imposition of noncentrosymmetry on an ensemble of chronophores

Q9.9 with large hyperpolarizabilities (jI). The design of high- chromophores

LANGMUIR-BLODGETT FILMS OF UNIDIMENSIONAL ORGANIC is now very well understood, whereas the induction and maintenance of

RECTIFIERS*. Rohert M. Metzger, Department of the noncentrosymmetry in noncrystalline materials remains a significant

Chemistry, University of Alabama, Tuscaloosa, AL challenge. One of the leading methodologies for inducing chromophore

25487-0336, USA, and Charles A. Panetta, Department slignment in amorphous electro-optic materials is to pole the

of Chemistry, University of Mississippi, chromophores in polymer films. Supramolecular organization and

University, MS 38677, USA. conformational rigidity may be engineered into chromophores and their

surrounding matrices in order to increase tile theoretical alignm|ent
The Organic Rgc recter seeks to assemble the acheivable from a given electric field and the stability of tile alignment
unimolecular organic rectifier proposed in 1973 by tpriuateerues

Aviram and Ratner. This device would be a metal- at particular temperatures.

organic-metal sandwich, in which the organic layer We have investigated the synthesis and electrical properties of

is a one-mon~eule thick Langmuir-Blodgett (LB) film rationally synthesized chromophore assemblies such as conformationally

of a suitable D-G-A (donor-(covalent sigma bridge) defined head-to-tail oligomers. Angles of dipole moment vectors of

-acceptor] molecule. We have prepared D-o-A molecu- dimers in solution are in agreement with predictions based on x-ray

les where D - pyrene, bishexylaminophenyl (BHAP) ,or structures of model compounds, with the dimers displaying enhanced

bisdodecylaminophenyl (BDDAP ] , O0 - carbamate (C), & electric field orientability compared with the isolated chromophores. We

A - 2-bromo, 5-hydroxyethoxy-7,7,8, 8-tetracyanoqui- have also determined that conformationally unrestricted, monomeric azo
nodimethan (BHTCNQ), 2-hydroxyethoxyTCNQ, and also
hydroxymethoxyantraquinodimiethan. The strongest LB dyes pole as relatively isolated molecules even when present in

films are obtained with D = BDDAP, but good films supersaturated olutions and in close proximity on polymer side chains

result even with D - BHAP. Some D-G-A systems yield in molten phases. However, covalent attachment of dyes to polymers

Z-type multilayers. enormously improves the temporal stability of aligned glassy materials,

possibly due in part to interdye interactions. Materials simultaneously

Crude attempts to measure through-film conductivity exploiting the concepts of directional assembly and direct polymer

(and rectification) using sandwiches Al I BDDAP-C- attachment of chromophores are being considered in order to maximize
BHTCNQ I Al (overlap area about 1-2 mm2) gave only the long-term alignment obtainable in polymeric materials.
open or short circuits. 

A scanning tunneling mi-

croscope experiment on a goldlsilverlmica substrate Q9.12
yielded deceptive results.
-e-ea c su-pptedin parut Zinc TrIslThlourea) Sulfate, A Prototype Semlorganlc Non-

*Research supported in part by NSF-DMR-88-1924, Linear Optical Malerial PBRNeanft . L. F. Warren, E. F. Wilucki,
and by NSF-EPSCoR (Mississippi) M. D. Ewbank and D.E. Cooper, Rockwell International Science Center,

Q9. 10 1049 Camino Dos Rios, Thousand Oaks, CA, 91320 and

L.B. FILM EXHIBITING COOPERATIVE SPIN G. Burdge, Lab. For Physical Sciences. College Park, MD 20740

TRANSITION,, FOR 2D MOLECULAR MEMORY
DEVICES. Phtli ppe Coronel, Annie-Ruaudel- Zinc tris(thiourea) sulfate, ZnISC(NH 2)2)sSO4

, is a prololype material

Teixier and A arta CEA-IRDI-DESICP-
DLPC/SCM, ACLAY,91 191 GIF SUR YVETTE in a newly discovered class of nonlinear optical compounds which we

CEDEX (France) refer to as "semiorganic." These compounds are characterized by an

Molecular electronics requires materials of organic constituent with a large second or third older molecular

molecular size exhibiting switching or memory hyperpolarizabillty (P or't). chemically bound within an inorganic salt

properties. The Langmuir-Blodgett method (L.B.) forming a 3-D crystallographic Janice. The 3-D nature of the bonding
and its variants provide controlled fabrication of
molecular films one molecule thick and their in semlorganic materials represents a major advantage over
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completely organic systems, which by virtue of their predominantly spacing a of C-H's along the chain. For ion spacing 5a,chratristics of the Na ion-rich regions up to an average
low-dimensional nature, generally grow only small needle-like caact otenaion-rc re utan aeaed

dopant concentration of -6%, the chain remainedcrystals of very low optical quality. In addition to supplying the 3-0 semiconducting. For ion spacing 4a, which appears to
bonds which enables the growth of large optical quality crystals, the characterize the next phase for Na doping, metallic behavior
inorganic constituent apparently also contributes to the total NLO was found for a doped chain length of -100 sites or more. Self-

(2) (3) consistency was fulfilled with q(EF) equal to the measured
coefficients X and X via local field effects. The result is that in value of the saturation Pauli susceptibility xp in the metallic
contrast to the expected effect of reducing the NLO behavior as a state. In addition to accounting for the magnitude of xP in the
result of 'diluting* the organic component, the inorganic component metallic state, our model can account for a rapid rise in Xp in
apparently increases the elect by being polarized by the field of the the transition.
organic molecule. Experimental data showing both a significant X(2)  Conduction mechanisms in the "spinless conductivity" and

metallic concentration ranges will be discussed.
and X(3 for this material, along with supporting data such as the Q10.2
region of transparency and the indices of refraction will be presented. DETERMINATION OF CORRELATION PARAMETERS

IN 7r-CONJUGATED POLYMERS. J. Tinka Gammel,
Q9. 13 D.K. Campbell, E.Y. Loh, Jr.; Los Alamos National Labora-

CARRIER INJECTION MECHANISM THROUGH ORGANIC/ tory, Los Alamos, NM 87544, S. Mazumdar, Department of
ORGANIC JUNCTIONS. Syun Egusa, Nobuhiro Gemma, Physics, University of Arizona, Tucson, AZ 85721; and S.N. Dixit,
Akira Miura and Makoto Azuma, Toshiba R&D Center, Lawrence Livermore National Laboratory, Livermore, CA 94550.
Kawasaki city, Japan.

Recently, great attention has been attracted on a Using exact finite-size diagonalizations of extended Peierls-Hubbard

novel organic EL devicel) with multilayer struc- Hamiltonians for systems of up to 15 sites, we study the excited
ture achieving high brightness and low voltage state spectra of models for the finite oligomer analogs of trans-
drive. In this study, we have investigated the and cis- polyacetylene. We use a novel boundary condition aver-
carrier injection mechanism through organhc/ aging technique and a variety of other methods to extract maxi-
organic junctions fabricated from electron mal information from these small systems. For several electron-
transport (A) and hole transport (D) layers. phonon couplings in the expected range, we discuss the extent to

Several types of M/organic/M devices(M=Al,Au, ITO) which we are able to find consistent values of the Hubbard on-site
were prepared by sequential evaporation of tetra- (U) and nearest-neighbor (V) correlation parameters such that the
phenylbenzidine(D molecule) and naphthaldiimide band gap, the 2 'A. state, optical phonon frequency, and the op-
derivative(A molecule). The DC. current, and the tical absorptions for charged and neutral solitons and dimers oc-
displacement current characteristics were measured cur in the experimentally expected ranges. Our results suggest
by the low frequency ramp method. that these correlation parameters are in the intermediate coupling

For HAM and MDM devices, M/A and M/D junctions regime (U 2.5f0 ), beyond the range of perturbation theory.
formed ohmic contact for electron and hole injec-
tions, respectively. For the LADM device, rectifi- Supported by DOE
ed characteristics were observed. For MADAM or
MDADM devices, the DC.currents were extremely sup- Q10.3
pressed. These results indicate that the D/A junc-
tion forms a blocking contact for a single carrier, OPTICAL SPECTROSCOPY OFTHE CHARGE ACCUMULATION
while the existence of double carrier is needed LAYER IN POLYMERIC SEMICONDUCTOR MIS AND MISFET
for carrier flow through the D/A junction. The STRUCTURES J. H. Burmughes, R. A. Lawrence and . Friend.
iisplacement current greater than the charging
urrent was also observed in the low bias before Cavendish Laboratory, Madingley Road, Cambridge CB3 OHE, UK.
the forward DC.current flowed. It is suggested
that the electron and hole injected from the re- We have been able to fabricate various semiconductor devices using
spective electrodes accumulate in the D/A junction,
and the resulting local high electric field induc- Durham-route polyacetylene as the active semiconductor. The Metal-
es the tunnel injection through the D/A junction. Insulator-Semiconductor (MIS) structure and the MISFET are of
1) Tung & VanSlyke,Appl.Phys.Lett., 51,913(1987) particular interest because, with the formation of charge accumulation and

Q10.1 inversion layers, charge can be injected into the semiconductor without the
INSULATOR-MfTAL TRANSITION AND CONDUCTION need for chemical doping. Solitons are the lowest energy electronic
PROCESSES IN TRANS-POLYACETYLENE, E.M. Conwell,
H.A. Mies and S. Jeyadev, Xerox Corporation, Webster excitanonsofpolyacetyleneandweshowherethevariousspecroscopic
Research Center, Webster, NY indications that the active charges in these structures have the character of

We have calculated the band structure for a chain of doped charged solitons. These include the 'mid-gap' optical transition from

trans-polyacetylene using the electronic part of the SSH soliton level to the band edge, the 'translation' IR active modes, and the
Hamiltonian plus the Coulomb potential arising from ions and Raman -active amplitude mode of the soliton. The Raman modes lie close
charged solitons surrounding the chain. The calculations were to the amplitude modes of the dimerised chain, and ar seen here for the
done for the lattice structure of Na-doped polyacetylene and for
another structure approximating that of iodine-doped first time by radoing the Raman spectra off the active polyacetylene layer
polyacetylene. To agree with a number of experimental in the MISFET with and without the gate voltage present. These various
observations the donated electrons or holes were taken to be in spectroscopic measurements also allow measurement of the degree of
soliton states at all dopant concentratione. Because screening
depends on the calculated energy levels, specifically on the order of the polymer at the interface with the insulator layer, and we find
density of states at the Fermi energy, ri(EF), in the metallic that various polymeric insulators give improved performance over that
state, which in turn depend on the potential used to obtain found in structurs with silicon dioxide as the insulator layer.
them, elf-consistency was required in the calculations. The
enery level structure was found to depend strongly on the ion
spacing, conveniently measured in terms of the average
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Q10.4 G. Dellepiane, Universita' di Genova, Italy and A.Walser, R.
OPTICAL PROPERTIES OF POLYACETYLENE OLIGOMERS. Dorsinville, R. R. Alfano, Physics and Electrical Engineering
H. Schaffer and R. R. Chance, Corporate Research, depts. City College of New York 138th St. and Convent Ave.
Exxon Research and Engineering Co., Annandale, NJ
08801; and K. Knoll, R. R. Schrock and R. Silbey, New York, New York 10031;
Chemistry Department, Massachusetts Institute of
Technology, Cambridge, MA 02139. The photoconductive response of highly oriented fibrous

polyacetylene have been measured using a continuous wave
Polyacetylene oligomers, with no chain substitu- laser for excitations above and below the energy gap as a
tion except for t-butyl caps at either end, have function of temperature, laser polarization and direction of the
been prepared and isolated with the number of
carbon-carbon double bonds, n, ranging from 1 to current flow. The cw experimental data is interpreted using a
13.1 UV-vis absorption measurements of the modified Onsager theory for carrier photogeneration and their
all-trans molecules in several solvents, as well subsequent motion in low-dimensional lattices. The problem of
as in the solid state, show a dependence of the interchain versus intrachain excitations of the carriers upon
lBu lAg transition energy on environment polariz- changing the laser polarization will be discussed on the basis of
ability that can be largely explained with a
simple classical model. The Raman scattering a tight binding model extended to include the effect of the
spectra of the all-trans species as well as the electronic coupling between adjacent chains.
alternating cis, trans molecules have been mea- The research at CCNY is supported in part by NASA and NSF.
sured. While the carbon-carbon double bond
frequency of the all-trans species decreases with 010.7
increasing n, the single bond frequency increases 133Cs NUR STUDIES OF HIGHLY CESIUM DOPED POLTACETYLFNE
with n to a maximum at n=5 before decreasing for
n>5, perhaps due to coupling with the t-butyl end FL.a.hi P. Bernier. K. niber
groups. At large n, Raman frequencies and absorp- Groupe de Dynamique des Phases Condeases
tion energies vary linearly with 1/n. Extrapola- U S T L 34060 Montpellier Cedex. France.
tion of these data, Raman and UV-visible, suggests
that the familiar samples of trans-polyacetylene We report on i33Cs wR results of chemically highly oped polyacetylene Two
have conjugation lengths of roughly 20-30 double resonance lines were observed, corresponding roughly to metallic and ionic
bonds. Cs states The metallic one Is strongly shifted fror' the standard reference

( 12000ppm at room temperature) and has an unusual temperature dependence,
1 K. Knoll and R. R. Schrock, J. Amer. Chem. Soc., considerably larger than in tne pure metals Such a behavior IS observed for the

in press. first time in conducting polymers. It could be related to a significant density of

conduction electrons residing on the dopant, whicn Is organized in channels
Q10. 5 between the host lattice polyacetylene chainsDECISIVE STEPS IN THE PRODUCTION OF HIGHLY Relaxation times versus temperature measurements on the Cs nuclei are in
CONDUCTING-CRYSTALLINE POLYMERS. progress in order to check the Korrirga like behavior
Nicolas Theophilou*,Department of Chemistry,Univ.
of Pennsylvania,Philadelphia,PA 19104-6323. Q10.8

REVERSIBLE PHOTOPRODUCTION OF STABLE CHARGED
Different new catalyst based on transition metal DEFECTS IN TRAS-POLYACETYLENE WITH MID-BAND-GAP
compounds of groupslVb,Vb,VIb and VIIIb combined PHOTOLYSIS. Carolyn F. Hoener. Laboratory of Chemical
with a reducing agent:AlEt and n-BuLi,were used Biodynamics, Lawrence Berkeley Laboratory, Berkeley, CA Present
for the polymerization of 2cetylene.The obtained address: Department of Chemistry, University of Texas at Austin,
new polyacetylenes were characterized by SEM,STM, Austin, TX
FTIR,13C NMR, WAXD and stretched mechanically, then
doped w~th iodine,to the highly conducting regime Photoproduction and photodepletion of stable charged defects in trans-
(10 -10 S/cm).The ESR studies of the catalyst,in polyacetylene were ' -,erved, at low temperatures, by monitoring the IR
connection with the polymerization kinetics,are signature of these deteCts: absorptions at 1368, 1289. 640 cm-1 (1053,
in agreement with a uniform polymerization reaction 600 cm - I for (CD),). These absorptions could be observed at long
related to the presence of one active species in times (two to several hundred minutes) after photolysis, only'when the
the medium.By introducing some additional reducing sample was protected from photolysis by the probe beam, by blocking v
agents,in the standard catalyst system(Ti(OBu) 4 - > 2,300 cm .
Alft -silicone oill,conductivities higher than
10 Slcm,after stretch-alignment and iodine doping The location of these absorptiots and the temperature dependence of
of the polymer,were reached[1l.The structure and
the electronic,electrical,magnetic and optical their intensities were similar to those of previously observed
properties of the polymers will be discussed, We photoinduced defects reported to have much shorter lifetimes (C - ms).
report also here a new technique,to increase the The stable defects reported here can be produced at much lower
molecular order,crystallinity and conductivity of photolysis energies (v > 5,500 cm-') than transient-photoinduced
polyaniline[21.Coherence lengths up to 400A were defects (v > 9,000 cm-). A mechanism for the photoproduction of
measured by WAXD and conductivities two orders of stable defects, involving a two-photon process catalyzed by existing
magnitude greater,than previously synthesized poly- neutral defects, is proposed to explain this low onset
anilines were obtained.

The slow decay of these defects observed when the sample is kept in the
[ I N.Theophilou and H.Naarmann,Makrom.Chem.,Makrom. dark is attributed to photoinduced depletion by blackbody irradiation.
Symp.24,115(1989);Synth.Met.22,1(1987). This process was slow enough to allow the wavelength dependence of
[2}N.Theophilou,S.Manohar,E.Scherr,US Pat.Ser#07/ photodepletion(observedat2,800< v <8,OOOcm-1)tobestudied. The
306,447,filed 02.02.1989. photodepletion was fastest near 4,500 cm-'. suggesting that the defects
*Institute for polymers, 6 Phidiou,Athens10678, GRExE. possess an electronic absorption (with a peak near 4,500 cm-') similar

to that observed directly for the transient-photoinduced defects.010.6

PHOTOCONDUCTIVE RESPONSE AND INTERCHAIN
INTERACTIONS IN HIGHLY ORIENTED POLYACETYLENE IL
Tubino Istituto di Fisica dell'Universita'. Via Vienna 2. Sassari
and Istituto di Chimica delle Macromolecole, CNR, Milano Italy.
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Q1o.9 Polysilanes are a new class of polymers which have recently
CONDUCTING AND NONLINEAR OPTICAL POLYMERS FROM been found to exhibit interesting and potentially very useful
DIETHYNYLSILANES. T. J. Barton, S Ijadi-Maghsoodi, Y. electronic properties. Some are excellent photoconductors
Pang, 3. Shinar, Q.-X. Ni, Ames Laboratory/Iowa State and large nonlinear optical coefficients have been observed.
University, Ames, IA; Z. V. Vardeny, University of Utah, These materials are of particular interest because their unusual
Salt Lake City, UT; S. Grigoras, Dow Corning Corporation, properties are derived from a electrons delocalized along the
Midland, MI. Si-Si backbone rather than from t electrons as in all the other

Catalytic polymerization of diethynylsilanes [R2 Si(C-CH) 21 intensely studied electronic polymers.
produces polymers of molecular weights (Mw) up to 150,000 In earlier work on of photoconductivity in poly(phenyl methyl
(PD ca. 2). These violet or blue polymers are soluble in a silane) we showed that hole transport is non-dispersive with a
variety of organic solvents and are easily cast into
coherent films. Although the films are electrical mobility of about 104 cm2 /Vs at 230 C and that electron
insulators, brief exposure to 12 vapor affords transport cannot be observed. We also found that in the vicinity

conductivities up to 0.1 S/cm. The undoped films are of the optical gap (about 3.5 eV) carrier generation by light

photoconducting and light-induced ESR (LESR) has been involves the initial generation of excitons followed by the

measured as well as the ODNMR. interaction of some of the excitons with the surface. We have
now extended our carrier generation experiments to photon

studies reveal that both and steady- energies of 5.5 eV and see a large increase in the quantum
Spectroscopic sties re both I 2 -doping te- efficiency for charge carrier generation beginning at about
state photomodulation produce bipolarons. The effective e-e 4.6eV, indicative of a free carrier band-gap of that magnitude.
interaction energy (Uecef) is ca. 0.8 eV and Eg ca. 2 eV. We have been unable to observe carrier generation by two
Photobleaching recovery at 2 eV, measured with 75 fsec photon transitions, by exciton-exciton annihilation or by exciton
resolution, is almost one order of magnitude faster than photoionization but we have observed free holes generated
ever reported for a conducting polymer uniformly throughout the sample by x-rays.

Structural proposals for these novel polyacetylenes will be QI0.12

discussed in the context of 
1
H, 13C-, and 2 9 Si-NMR, resonant ESR STUDIES OF CHARGE TRANSPORT AND CARRIER

Raman scattering, and ab initio and molecular dynamics DENSITY IN -CON.1LIGATED POLv1ER SYSTEMS J. T.
calculations. Rilev and S. A. Jansen, Temple U1: , :rsity, Philadelphia, PA and

Q10.10 Pia N. Sanda, IBM T. .1. Watson Research Center, Yorktown

THERMALLY ACTIVATED CHARGE HOPPING TRANS- Heights, NY

PORT STUIIES IN A L-CONILIGATED POLYMER
L. Samuel and P.N. Sanda IBM TJ.Watson Research. Yorktown Irradiation of a homologous series of substituted polysilanes

Heights, NY and R.D. Miller and D. Thompson IBM Almaden produces a magnetic state characterized by a single narrow ESR

Research, San lose, CA. spectral envelope. This signal is associated with an activatcd mag-
netic state. The activation energy for each polymer in the series is

The n-conjugated polysilancs have recently elicited much scientific reported and discussed in terms of the electronic structure. In ad-

interest, due to their novel properties and technological applica- dition, the spin density which is expected to be related to carrier

tions. They are composed of n-bonded Si atoms along the backbone density has been determined as a function of UV irradiation time.

and two organic side groups attached to each Si atom. The charge A kinetic study of the photodegradation of each polymer will also

transport properties of the polymers, as well as other physical be presented.

properties, arc strongly dependent on the nature of these groups. Q10.13
Charge transport in polysilanes is believed to involve fast transport
along the Si chains and hopping transport between chains. Time THE DOPING OF POLY-p-PHENYLENE SULFIDE AND ITS OLI-
of flight (TOF) spectroscopy and thermally stimulated current GOMERS: A SPECTROSCOPICAL STUDY. P.Plaggio,

C.Cuniberti, G.Dellepiane
(TSC) measurements were performed in poly(mcthylphenylsilane), Istituto di Chimica Industriale, Universit& di Ge-
poly(p-methoxyphenylethylsilane) and poly(ethylphenylsilane) to nova, Corso Europa 30, 1-16132 Genova, Italy,
study the influence of the substituent side groups on the hopping
transport. The method of TSC, which is commonly used to study Since the ultimate goal of research on conducting

was shown to be applicable for studying the bulk hopping polymers is a combination of the mechanical proper-
traps, ties of polymers with the electronic characteris-
transport, and its results were consistent with those obtained by tics of metals, the class of sulfur-containing po-
TOF. The activation energies assigned to hopping transport ranged lymers, which is very attractive in this respect,
between 0.1-0.3eV and were dependent on the applied electric field, is now receiving due attention. Poly-p-pnenylene
The nature of the field dependence of the activation energy varied sulfide (PPS) is one of toe polymers of this class

with the substituents. A wel defined peak was observed in the TSC which shows such interesting properties.

spectra. The peak temperature, which was dependent both on the Contradictory interpretations of the spectroscopic
electric field and the heating rate, ranged between 100K-150K. features of PPS doped with different agents and at
When the samples were exposed to a high (lose of UV radiation, a different doping levels may be found in the litera-

secondary peak at -180K was observed, which was correlated with ture.

surface defect sites induced by the LIV radiation. Purpose of this work is to attempt a rationaliza-

010.11 tion of the existing interpretations by studying

FREE CARRIER BAND GAP IN POLY(PHENYL METHYL the electronic and vibrational spectra of doped PPS
compared with those of its oligomers. The experi-

SILANE). R and J. M. Zeigler, Sandia National mental data obtained with different sample morpho-
Laboratories, Albuquerque, NM 87185.
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logies, different doping and dopant' s nature will Physics Dept., Boston University, Boston MA 02215.
be presented and discussed. The time evolution of
the spectral features after doping will also be The magnetic field induced spin density wave (FISDW) phases of the
analized. (TMTSF)2 X family of organic charge transfer salts continue to be the

subject of active experimental and theoretical interest. The discovery
For the understanding of the vibrational spectra of a re-entrant phase boundary from a spin density wave state to a
after doping advantage will be taken from the vi- metallic state has further stimulated this interest.' Although for Xbrational assignment of pristine PPS and its oligo-mers recently proposed by the authors. = C10 4 the material is a superconductor below 1.3K, the materialwith X = PF6 requires hydrostatic pressure in excess of 6 kbar to
Qil . 1 suppress a low temperature spin density wave state in favor of metallic

THE DYNAMICS OF SPIN DENSITY WAVES. George Griner, / superconducting behavior. Indeed the role of the anion symmetry
University of Calitornia, Los Angeles, Dept. of Physics, and ordering in the superconductivity and FISDW states is not yet
405 Hilgard Avenue, Los Angeles, CA. 90024. fully understood, and complementary measurements in both materials

are needed to resolve the problem.
While the dynamical response of superconducting and charge
density wave ground states is well understood, relatively This talk will focus on two relevant sets of measurements: 1) Recent
little is known about the dynamical behavior of spin den- specific heat measurements on (TMTSF)2 CIO 4 at low temperatures
sity wave ground states. I will review the current status and high magnetic fields (to 30 T) which yield a thermodynamic mea-
of the field by focussing on frequency dependent transport surement of the re-entrant phase line, and show in addition the con-
studiesl in tne model compounds (TMTSF)2X with X - PF6 ,  tribution of the so-called rapid oscillations to the specific heat in the
N03 and CZ04. The observations are suggestive for a region of the re-entrant phase line. 2) Magnetoresistance and Hall
collective mode dynamics with effective mass and relaxa- effect measurements on (TMTSF)2 PFs which reveal striking integer
cion time close to the single particle mass and relaxation Hall effect behavior in the FISDW state.
time observed in the metallic state, above the spin density
wave transition. Pinning effects nave been established These new results will be discussed in light of recent theoretical work
through studies of alloys, and the experiments will also on the FISDW and re-entrant transitions.
be related to observations 2 on nonlinear transport in these * The author wishes to acknowledge N.A. Fortune, S.T. Hannahs,
materials. MJ. Graf, P.M. Chaikin, L.Y. Chiang, G. Montambaux, and J. Peren-

boom in connection with various aspects of this work.
G. GrUner, Pnysica B + C (to be published). 1. See G. Montambaux et al. , Phys. Rev. B., 39 885(1989)and ref-
J. Carini, W.P.Beyermann, T.w. Kim, and G. GrUner, e
(to ne published). erences therein for a recent synopsis of this subject.

2S. Tomic, et al., Phys. Rev. Lett. 62, 462 (1989). Q11.4
HIGH FIELD MAGNETIZATION STEPS AT THE REENTRANT

QlI.'2 METAL TO SPIN DENSITY WAVE LINE IN (TMTSF)2 do 4.
M.J. Naughton, State Univ. of N.Y. at Buffialo;

MAENTIONNAL CRITICAL BEHAVIOUR AND COMPETITION R.V.Chamberlin, Arizona State Univ.;
BETIVEEN ORDER PARAMETERS IN THE ORGANIC METAL P.M. Chaikin, Princeton Univ. and Exxon Research;

(TM-SF) 2 CI0 4 . P. Gaiobn, F. Pesty, M. Heritier, L.Y. Chiang, Exxon Research.

Laboratoire de Physique des Solides, Universit6 de The magnetic field-induced spin density wave in

Paris- Sud, 91405 Orsay, FRANCE. the quasi-two dimensional conductor (TMTSF) 2 C1O 4
has been shown from magnetoresistance and Hall
effect to be confined to fields between 4T and 27T

In low dirnensionnal conductors, the instability of the at 0.5K, with a low field metallic state
metallic state can lead to the formation at low reappearing at higher fields. [1] Previous magnetic
temperature of a spin density wave state (S.D.W.) measurements, (2] whileclearly detecting theFSDW

phases, have not shown this reentrance. Here, we
induced by the magnetic field. The critical behavior of present measurements of the magnetization M(H,T)
the transition related to this metal insulator transition in two samples of the title compound to .30T and

0.5K, where we show the first thermodynamic
has been investigated by the measurement of both the evidence of this unusual phase transition.
specific heat and the thermal conductance in a fixed
magnetic field. Above the second order phase transition, Two features are observed in M(H) at T-0.5K, in

addition to the usual cascade of FISDW phases: a
we observe a deviation from the mean field behavior slight diamagnetic increase at B-24T, followed by
whose temperature dependance is clearly associated a sharp collapse toward H-0 at B-26T. At even

with bidimensionnal gaussian fluctuations. At the higher fields, dHvA-type oscillations appear. The
partiel reentrance ot Tcr between S.D.W. subphases temperature dependence of these steps is identical

to that determined as the reentrant line from
the specific heat displays a complex shape. Below Tcr it resistance measurements. An analysis of the
results simply from the vinicity of the two transition integrated energy E-- MdH is consistent with a
lines but just above Tcr the competition between order metallic ground state at the highest fields. The

observation of two steps rather than one indicate
parameters leads to the formation of a non mean field a more complicated behavior than previously
specific heat anomaly. At the transition the thermal anticipated, and may assist in the understanding
conduction along the less conducting axis c displays also of this perplexing reentrant phenomenon.

l.M.J.Naughton, et al. Phys.Rev.Lett.62,969 (1989)
a singularity, that is strongly reduced at the reentrance 2.R.V.Chamberlin, etal.Phys.Rev.Lett.61,1189(1988)

point. These two dimensionnal behaviors are analyzed in 011.5
the framework of the quantized nesting model. A NEW THEORETICAL MODEL FOR THE SPIN DENSITY
Ql. 3 WAVE TRANSITIONS IN ORGANIC CHARGE TRANSFER

SOLIDS. E. Y. Loh. Jr. and David K. Campbell. Los Alamos
HIGH MAGNETIC FIELD PHASES OF THE (TMTSF)2 X (X = National Laboratory. Los Alamos. NM 87545; and Sumit Mazumdar.
C10 4 , PF6) CHARGE TRANSFER COMPLEXES. James S. Brooks, Physics Department. University of Arizona. Tucson. AZ 85721.
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It has previously been shown that the one-dimensional extended We have performed Young's Modulus measurements for X - ReO4
Hubbard model, in which the nearest-neighbor Coulomb repulsion and SbF6 using the vibrating reed technique. Below the
between fermions is explicitly included, is the only theoretical model structureless transition, the rate of stiffening increases
that can explain the high temperature behavior of the complete substantially. We interpret the results in terms of a
family of organic charge-transfer solids. It is now shown tha decrease in the density of states and in that simple model
anisotropic two-dimensional version of the same model can explain extract estimates for the electron-phonon coupling constant
the transitions to the spin density wave (SDW) phases in the TMTSF A. In the case of X - ReO 4 , A z: 0.04, whereas for X - SbF
and TMTTF salts. We consider simultaneously (a) the pressure- A - 0.02.

induced spin-Peierls to SDW transition in TMTrF salts. (b) the
magnetic-field-induced SDW transitions (FISDW) in the TMTSF salts. Softening was observed at the transition in both cases,
and (c) the absence of the SDW in the BEDT-TTF salts, and show although it was much larger for (TMTTF) ReO . The results
that all of thieabove features can be explained within the same are the first demonstration of phonon involvement in these
model. We use numerical techniques to examine the roles played transitions.

by Coulomb interactions. bandfilling and anisotropy within the two-
dimensional layer in detail, and show that the three distinct kinds of QI l. 9
behavior in the three families of materials are expected within a
quarter-filled extended Hubbard Hamiltonian with varying QUANTUM HALL EFFECT AND RAPID OSCILLATIONS IN
anisotropies. The highly specific role of the bandfilling is absent in (TMTSF)2PF UNDER PRESSURE. S. Hannahs', J. Brooks',
previous mean-field theories. A new interpretation of the very high W. Kang2 , P. Chaikin2'3 , L. Chiang3 and R. Upasani2 ,3

, 'Boston Uni-
field transition (VHFT) in (IMTSFCK04 is given, and comparisons versity, 2Princeton University and 3Exxon Research
to experiments are made.
Ql1.6 We present magnetotransport data and the phase diagram derived

from them for (TMTSF)2PF6 under sufficient pressure that the zeroSOUND PROPAGATION IN CD\V' AND SD\V'. Attila Virosztek, University of field SDW is suppressed and the material is superconducting. Ap-
Virginia, Charlottesville, VA; and Kazunmi Maki University of Southern Cali-
fornia, Los Angeles, CA. plication of a large magnetic field perpendicular to the conducting

plane then leads to the cascade of Field Induced Spin Density Wave
Making use of a quasi-one dimensional Frdhlich (or lubbard) model, we study transitions. The transitions are in good agreement with the Standard
the sound propagation in a CDV (or SDWV), within mean field theory. \e model for these transitions and in contrast to the more complicated

include the quasi-particle damping in terms of randomly distributed impurities, behavior seen in the C10 4 salt. In addition Hall and longitudinal

In general in a CDW (or SD\%') ionic potential is screened by the quasi-particle resistivity indicates a behavior much closer to that observed in con-
and the phason. However, when the CDWV (or SDWV) is pinned the phason can ventional Quantum Hall devices than in the C10 4 salt or previous
not participate in the screening. Therefore in general the depinning of the CDW studies of PF. We do observe the "rapid" SdH like oscillations in
(or SD\V) by an electric field decreases the sound velocity (as well as the elastic magnetoresistance at high field similar to those seen in C10 4, even
constants as observed). Further, due to the diffusion pole in the density-density
correlation function, the quasi-particle contribution depends strongly on /Dq2, though in the present case there is no evidence for anion ordering as

\\'hen wl/Dq2 << 1, the quasi-particle contribution is as important as in the some theories would require. The frequency of these oscillations is
collisionless limit' and the sound velocity increases in a CD\V (or SDW) when correlated with the characteristic fields for the FISDW's and with the
the CDW is pinned, since the quasi-particles decrease rapidly in a CD\V. On superconducting Tc at different pressures.
the other hand when w/Dq2 

>> t, the contribution of the quasi-particles is
always negligible. Q1i. 10

LOW TEMPERATURE ORIENTATIONAL DEPENDENCE OF THE
1. K. MakiandA. Virosztek, Phys. Rev. B 3_ 2910(1987) MAGNETORESISTANCE IN (TMTSF)2C10 4 .: A SEARCH FOR

MAGIC ANGLES. M.J. Naughton and O.H. Chung, State
Q1l.7 Univ. of N.Y. at Buffalo; J.S. Brooks, Boston

Univ.; P.M. Chaikin, Princeton Univ. and Exxon
SOUND VELOCITY STUDIESOF THE BECHGAARD SALTS Research; L.Y. Chiang, Exxon Research.
(TAfTSF)2 CI0 4 and (TMTSF)7PFe X-D.;i

'
.
, 

P. M. Chaikin2 3
,

L.Y. Chiang-andR. Upasani 2  'UniversityofPennsylvania, 2Princeton Lebed[l] has calculated that the anisotropic
University, 3Exxon Research organic metals (TMTSF) X, which undergo SDW

ordering for magnetic fields greater than a few
tesla oriented along the least conducting c*-axis.

We have used a vibrating reed technique to measure the sound ve- s hould exhibit anomalous features for field
locity and attenuation in the Bechgaard salts through a number of directions away from this axis. In particular, he
transitions. In the C10 4 salt the flexural and torsional modes have predicts a reduction in the FISDW threshold field
been used to observe changes in Young's and shear moduli through when B is aligned at certain 'magic angles' to
the anion ordering at 24 K, the superconducting transition at 1.4K the c*-axis, resulting from local commensurability
and the Field Induced Spin Density Wave Transitions at tempera- between an electron's periodic motion in the b*
tures down to 0.5K and fields to 10 Tesla. The FISDW transitions and c* directions.

are seen as sharp increases in the moduli as carriers are progressively Wea h a v e measured the low temperature
lost in higher field. In the PF salt the ambient field spin density magnetoresistance to ST in the X-C10 4 salt as a
wave transition is studied. continuous function of the orientation of c* with

respect to B. At T-70mK, we observe from both
Qll.8 angle and field sweeps the usual FISDW states,

with the exception of one feature. The angular
SOUND VELOCITY MEASUREMENTS IN (TMTTF) X (X - ReO4 , SbF dependence shows a single resistance oscillation
SALTS. S.E. Brown, H.H.S. Javadi, Los ilamos National centered about halfway between c* and b'. A
Laboratory, Los Alamos, New Mexico, 87545, and R. similar anomaly has been seen previously by us and
Laversanne, Centre da Recherche Paul Pascal, CNRS, Domaine by Bobinger at al.[2] at higher temperatures and
Universitaire de Bordeaux 1, 33405 TALENCE CEDEX FRANCE. comparable orientation. We observe this

oscillation to persist at fields below the known
The TMTTF salts can undergo several types of transitions, threshold field for the FISDW states (3-4T). which
including anion ordering at higher temperatures and a suggests either an origin independent of FISDW, or
magnetic (Spin-Density Wave or Spin-Peierls) transition at possibly the anomaly proposed by Lobed.
lower temperatures. Also of interest is the so-called 1. A.G. Lobed, J.E.T.P. Lett., 43, 174 (1986).
"structureless' transition for X - ReO4, SbF6, and AsF 6. 2. C.S. Boebinger, at alia (preprint).
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012.1 hard segment domains have revealed a new reversible mechanochromic
OBSERVATION OF NONLINEAR OPTICAL TRANSMISSION AND transition that manifests itself as a color change from blue to yellow duringtensile elongation. This unusual strain induced transition, found in an
SWITCHING PHENOMENA IN POLYDIACETYLENE-BASED elastomer whose hard segment structure is derived from hexamethylene
DIRECTIONAL COUPLER DEVICES. Paul D. Townsend J. L. diisocyanate and 5,7-dodecadiyne-1,12 diol, closely resembles the

thermochromic transition also exhibited by this same material. The colorJackal, Gregory L. Baker, J. A. Shelburne and S. Etemad, change and the associated shift in the position of the polydiacetylene
Bellcore, 331 Newman Springs Road, Red Bank, NJ 07701. absorption band to higher energies is not simply an order-disorder transition

but reflects a strain induced reorganization of the hard domain structure. It
has been found that this blue to yellow transition is reversible as long as thematerial is not strained beyond about 350%.

The large magnitude and ultrafast response of the

electronic X( 3 ) in polydiacetylenes makes them Dichroism studies indicate that the hard segments of the copolymer orient
perpendicular to the stretch direction during the initial stages of deformation.

potentially attractive materials for applications in Such an orientation aligns the conjugated polydiacetylene chains along the
nonlinear optics. In particular, it may be possible to stretch direction thereby producing a highly dichroic material. The level of

fabricate fast all-optical devices which require only residual orientation remaining after the material is relaxed back to its
unstressed state depends strongly on the soft segment content of the

relatively low threshold powers for switching. We copolymer. This represents the first reversible, mechanically induced
developed techniques for fabricating directional coupler chromic transition in a cross-polymerized diacetylene containing polymer.
waveguide structures in thin films of soluble Q12.4
polydiacetylenes with the intention of evaluating the SYNTHESIS AND PROPERTIES OF A FULLY CONJUGATED
performance of the polymers in a prototype all-optical POLYDIACETYLENE: POLY(1,4-BIS(3-QUINOLYL)-1,3-
device format. A variety of nonlinear transmission and BUTADIYNE. Sat:a S. Talwar and M.Kamath,

Department otChiemistry -- nian Institute of
switching phenomena were observed in these devices, Technology, Powai, Bombay India 400 076
including slow thermal effects and ultrafast

(picosecond) electronic effects. At 1.06gm the ultrafast Optical and electronic properties of
polydiacetylenes (PDA) have attracted much

electronic nonlinear phenomena were found to originate attention. Some of the recent interest in PDA's is
from intensity dependent changes in the imaginary part related to their large and fast non-linear optical

of the refractive index due to two-photon absorption response, making them good candidates for
potential applications in ultrafast optical signal

effects. Recent measurements carried out at an processing. Although the electronic and optical
operating wavelength of 1.3jm will also be reported. properties of PDA's are primarily dominated by the

n-conjugated backbone, the substituient groups
Q12.2 markedly influence the physical properties of

POLYDACETYLENE SIDE CHINS AND ELECTRONIC STRUCTURE AND polydiacetylenes. An aspect of the substituent

PROCESSES. Daniel J. Sandman, GTE Laboratories, Incorporated, 40 effect that has remained under explored is the
influence of formally n-conjugated substituents on

Sylvan Road, Waltham, MA 02254 the electronic properties of PDA's. Modification
of the electronic and optical properties of PDA's

The polydiacetylenes (PDA), a class of polymers whose main chain with conjugating substituents may be expected
through expansion of conjugation. Recent reports

involves completely conjugated segments manifested by intense on conductivity of doped poly ( bis ( m-

visible absorption, have a fully crystalline character assured by acetamidophenyl )butadiyne) and spectral properties
and topotactic solid state of 1-(N carbazolyl)pent-l,3-diyn-3-ol suggest such

extension of conjugation. In this connection we
polymerization resulting in macroscopic single crystal experimental report the synthesis of a fully conjugated
samples. The observed thermal, electronic, optical, and magnetic polydiacetylene poly( 1,4- bis( 3-quinolyl )-1,3-
properties of PDA are a sensitive function of the side chains present butadiyne) (Poly DQ). Results of our studies on the

optical spectra and electrical conductivity of
and specific side chain processes. poly DQ will be presented. The long wavelength

absorption in the PDA suggests extension of

PDA have the largest value of the degenerate third order conjugation through backbone - side groupinteraction.
susceptibility (X(3)(0) of any material in the transparent spectral

region where the temporal response is in the temlosecond regime. In Q12.5
the interest of enhancing ( X(3)() in PDA, he crystal structure- ORGANIC POLYMER SEMICONDUCTOR SUPERLATTICES.

Samson A. Jenekhe and Wen-Chang Chen, Department
linear spectrum relationship is discussed. With particular of Chemical Engineering, University of Rochester,

reference to the situation where the observed solid state spectrum of Rochester, New York 14627.

a PDA shifts to higher energy, evidence is presented which indicates

that this spectral shift is associated with a change In the local We report the synthesis and study of the first organic
crystallographic environment (side chain) without a change In main polymer semiconductor superlattices and observation
chain conformation, of the predicted quantum size effects in the

Q12.3 electronic and optical properties of such quasi one-

INVESTIGATIONS OF A NEW REVERSIBLE STRAIN INDUCED dimensional semiconductor heterostructures. The

CHROMIC TRANSITION IN POLYDIACETYLENE ELASTOMERS. organic semiconductor superlattices were designed as

M. Runer. R. Agrawal and H. Beckham, Department of Materials periodic multiblock conjugated copolymers (AxBy)m,
Science and Enieering, MIT, Cambridge, MA 02139. where A and B blocks have different band gaps. The

In-situ visible dichroism/tensile elongation studies of segmented optical properties were Investigated as a function of

polyurethanes containing conjugated polydiacetylene chains within their the copolymer block length that allowed variation of
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the superlattice period. Effects of a randomly variable and Hiroyuki Fuchigami, Mitsubishi Electric Corp.,
periodicity was studied by synthesis of random multi- Materials & Electronic Devices Lab., Tsukaguchi-

block conjugated copolymers. It will be shown that Honnachi 8-Chome, Amagasaki, Hyogo 661, Japan.

quantum well and superlattice heterostructures n-Conjugated polymers have been intensively

provide a rational and systematic approach to the investigated as candidates of nonlinear optical

molecular engineering of electronic, electro-optical, materials. Since nonlinear susceptibilities
greatly depend on the degree of chromophore

optical, and nonlinear optical properties in polymers. orientation, a Langmuir-Blodgett(LB) technique has
Q12.6 been widely utilized to orient the chromophores.

On the other hand, second harmonic generation
LARGE THIRD-ORDER NONLINEAR OPTICAL PROPERTIES OF (SHG) can be applicable to study the orientation
ORGANIC POLYMER SEMICONDUCTOR SUPERLATTICES. Samso of ultra-thin films. In this study, we have
A. Jenekhe and Wen-Chang Chen, Department of Chemical prepared mixed multilayers consisting of two
Engineering, University of Rochester, Rochester, New kinds of n-conjugated system, that is , poly(3-
York 14627; S. K. Lo, Honeywell Systems and Research hexyl-thiophene)(PHT) and amphiphilic pentacosa-
Cepter, Minneapolis, MN; and Steven R. Flom, 10,12-diynoic acid (DA). The orientation of the
Department of Chemistry, University of Minnesota, obtained multilayers having various mixing ratio
Minneapolis, MN. of PHT to DA has been investigated primarily by a

SHG Maker fringe method using a Q-switched Nd:YAG
laser(l.06 lim).

We report an extensive study of the third-order
nonlinear optical properties of a series of recently All the deposited LB films was Y-type. For SHG
prepared organic polymer semiconductor superlattices measurements the p-polarized harmonic radiation
using time and polarization dependent degenerate four was observed only for s-(sop) and p-(p~p)polariza-

wave mixing. At 532 nm, the picosecond yxx and (3) tion of the fundamental. The SHG intensity in-
xXXX Xxxxx  creased with increasing ratio of PHT to DA. The

were as large as 1.60x10 29esu and 2.73x10 7esu, SHG intensity clearly showed an odd-even effect

respectively. At 568 rn, the nanosecond 7xxxx and relative to the deposited number of monolayers.
From both the analyses of the observed Maker

(3) -28 -6 fringe patterns and the results of t-A isotherms
xxxx were as large as .80x10"esu and 2.2x0esu, the detailed orientation of mixed multilayers will
respectively. These are the largest third-order be discussed.
optical nonlinearities yet reported for any conjugated
polymer. Important experimental trends in the 012.9
structure-optical nonlinearity relationships will be A NEW POLYOLEFINE MATERIAL "ZEONEX" FOR OPTICAL USES
described. Teiji Kohara, Masayoshi Ohsbisa. and Tadao Natsuume,

Q12.7 Nippon Zeon Co.,Ltd., 1-2-1 Yako, Kawasaki-ku,
Kawasaki, 210 Japan; Masahiro Yamazaki, Nippon Zeon

A COUPLED INVESTIGATION OF QUADRATIC AND of America, Inc., 50 Main Street, White Plains, New
CUBIC NONLINEAR OPTICAL PROCESSES IN York 10606
EXTENDED CHARGE TRANSFER POLYENES
M. Barzoukas',M. Blanchard-Desce, Nippon Zeon Co.,Ltd. has invented a new polyolefin
F. Kajzar-*, J.M. Lehn', A. Messier-', polemer 'ZEONEX', which has excellent properties for
C. Sentein",L Zy. ('CNET (LA CNRS 250) optical disc substrate. ZEONEX is an amorphous and
196 Av. H. Ravera 92220 BAGNEUX -FRANCE; transparent hydrocarbon polymer. It has high trans-
("Collegede France, 11 Place Marcellin wittance, small photoelastic coefficient, high beat
Berthelot 75231 PARIS CEDEX 05 ;"CEA-CEN resistance, low water absorption, low moisture
Saclay 91191 GIF-SUR-YVETE CEDEX -FRANCE permeability, and easy processing properties.

In the first part, nonlinear spectroscopic investigations combining
electric-field induced second-harmonic generation (EFISH) with ZEONEX is made first by ring-opening polymerization
frequency dispersed third-harmonic generation (THG) in organic of norbornene type monomers to intermediary poly-
solutions /1,2/ are extended to newly synthesized long chain olefin, which has unsaturated bonds in polymer main
conjugated donor-acceptor polyenes /3/: in such molecules, as the y chaine. then by hydrogena tion to highly heat-
and l± 5/kT contributions are expected to be of the same order of resistant saturated hydrocarbon polymer. ZEONEX has
magnitude, additionnal frequency dispersed measurements and rigid unsyssetric 5-membered ring structure in
adequatedispersiontorelatey(-3o0; a);o,(o)fromTHGtoy(-2t polymer main chain and has bulky substituents in the
; CO, co,0) from EFISH are performed. As opposed to a preliminary ring. Excellent features of ZEONEX are contributed
report /1/ where the cubic properties of paranitroaniline-like by these structural characteristics.
structures could indeed be neglected as compared to their quadratic
properties, we show here that both contributions are non negligible. We believe that ZEONEX is Most suitable for single-
In the second part we report and discuss real and imaginary parts of sided optical aiscs. especially for uses in a large
the quadratic 1 and cubic y hyperpolarizabilities of push-pull diameter discs. We have obtained 200 an diameter
polyenes of increasing length /3/ as investigated by our coupled discs, which have low reterdation of birefringence
THG-EFISH methodology. less than 25 no, by injection molding process. The

molding conditions are similar to 130 a diameter
/1/ M. Barzoukas, P. Frmaux, D. Josse, F. Kajzar and J. Zyss discs. The discs showed only quite small warpage

MRS Symposium Series 109, 171 (1988) even under the test conditions at 80t and 90 %11.

/2/ F. Kajza, l..Ledoux and J. Zyss Phys. Rev. A 36, 2210 However, the discs made from PC showed a remarkably
(1987) big warpage under the same conditions.

/3/ M. Barzoukas, M. Blanchard-Desce, D. Josse, J.M. Lehn and Q12.10
J. Zyss, Chem. Phys. 133, 323 (1989) SYNTHESIS AND SECOND-ORDER NONLINEAR OPTICAL

Q12.8 PROPERTIES OF NEW COUMAROMETHACRYLATE

NONLINEAR OPTICAL STUDIES OF MIXED u-CONJUGATED -METHYLMETHACRYLATE COPOLYMERS. R.A. Henry,
POLYMER MULTILAYERS BY SECOND HARMONIC GENERATION J.M. Hoovar, and G.A. Lindsay, Research Department, Code
Hiroshi Koezuka, Tetsuyuki Kurata, Akira Tsumura 3858, Naval Weapons Center, China Lake, CA 93555; and M.A.
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Mortazavi, A. Knoesen, and S.T. Kowel, Department of Electrical structure appears in the vicinity of the band edge and at higher energies a
Engineering and Computer Science, University of California, broad bleaching band appears. The two main peaks are assigned to
Davis, CA 95616. transitions involving bipolarons that are estimated to have a lifetime of

order 3ms at 80K. The oscillatory structure is well correlated with the two
The synthesis and second-order nonlinear optical properties of a intra-gap peaks in terms of its dependence upon intensity, temperature and
new family of optically nonlinear polymers consisting of a chop-frequency and is assigned to a modulation of the band-edge caused
coumarin dye attached to a poly(methylmethacrylate) (PMMA) by local electric fields in the vicinity of the charged bipolarons. No sub-
backbone will be reported. Polymerizable coumaromethacrylate bandgap lunnescence is seen and the emission occuring in the absorptive

(CMA) monomers having alkyl spacers (C2 to Cs) between the region (a "hot" process) is very weak (comparable to the Raman
chromophore and the methacrylate group were prepared and scattering). On the basis of these results we discuss the nature of the
copolymerized with methylmethacrylate (MMA) to yield confinement in PTV and the importance of non-radiative recombination

CMA-MMA copolymers with high chromophore content (up to 9.8 pathways in quenching photoluminescence.
x 1020 cm 3) and glass transitions as high as 1320C. Spin cast Q12.13
films were prepared on BK7 substrates and oriented by Synthesis and Chracterization of New Polymers

corona-onset poling at elevated temperatures (COPET). The Exhibiting Large Optical Nonlinearity: Derivatized
spectroscopic absorption and second harmonic generating Polyaniline and Copolymer Containing Polyaniline
properties of the poled CMA-MMA polymer films were measured Segments. L uinL.Xu, Mai Chen, Larry R. Dalton.
as a function of chromophore density and alkyl spacer length, Departmen of Chemistry, USC, LA, CA-90089-0482.
and were compared to results for poled guest-host systems such
as PMMA-azo dye and PMMA-coumarin dye. Relative to PMMA -
Disperse Red 1, CMA-MMA copolymer films exhibit larger and As part of a continuing exploration of organic polymers
much more stable second-order nonlinear optical properties. as nonlinear optical materials, a new derivatized
Q12.11 polyaniline with carboxylic ester substituents and a

NEW POLYMERS FOR ELECTROACTVE APPLICATIONS. copolymer containing derivatized polyaniline segments
Mamoun M_ Badr, David W. Polis, and Larry R. Dalton, Department and aliphatic flexible chain have been synthesized via
of Chemistry, University of Southern California Los Angeles, soluble precusors. The copolymer exhibits improved
California 90089-0482 solubility and a defined absorption band-edge when

compared to polymer. Degenerate four wave mixing
Polymers with enhanced third nonlinear susceptibilities can be (DFWM) measurements for copolymer indicate a third
achieved either by incorporating electroactive subunits in the polymer order susceptibility of 4.5 x 10-9 esu. The
backbone or attaching them as pendant groups. Currently we are characterizations of derivatized polyaniline are in
trying both approaches in order to maximize NLO properties of some progess. Primary studies indicaft that this polyaniline
polymeric systems. New random copolymers of styrene, p-
aminostyrene and methyLmethacrylate, with p-aminostyrene Perentage can be oxidized by electroch cal process to promot the
covering the range 5-50%, have been synthesized and characterized by electrical conductivity. A strong DFWM signal has been
the conventional methods i.e., UV-VIS, IR, H1 NMR, OPC, and observed.
thermal analysis. These polymers were then reacted with 4-chloro-7-
nitrobenzofurazan to give bright orange polymers of which semi- 013 .1
transparent thin films were made The degree of transparency depends THE 21A STATE IN LONG POLYENES: ELECTRONIC STRUCTURE,
on the amount of the electractive units attached to the polymer. PHOTOIN5IICED ABSORPTION AND THERMAL ISOMERIZATION. Bryan

We anticipate larger contributions from intermolecular processes at E Koher and Curtis Westerfield, Chemistry Department,

higher concentrations of electroactive subunits. We are also University of California, Riverside, CA 92521.
investigating the way the dye content affects the morphology of films
since stacking of these units is expected at higher concentrations. High resolution fluorescence and fluorescence excitation
Degenerate Four Wave Mixing measurements are currently underway. spectra have been obtained for the all-trans polyene
In addition, the synthesis of other functionalized random copolymers 2,4,6,8,10,12,14,16- octadecaoctaene (16 conjugated carbon
with different subunits of potentially high nonlinear optical properties atons). This is the longesi discrete polyene for which
is underway. such data re known. T e 1 A to 211 0-C band at

17,871 cm is 4900 cm belo the 1 9. (band gap)
Q12.12 transition at 22,770 cm'. Both of "huse energies would
PHOTOEXCITATION SPECTROSCOPY OF PRECURSOR ROUTE have been predicted by fitting the .j-0 excitation energies
POLY(THIOPHENE VINYLENE). D. D.Badle, A. J. Brasset, of shorter polyenea by a 1/N curve and extrapolating to
N.F. Colanri, R.H. Friend and R.A. Lawrence, Cavendish Lab, N-8. The excItation energy and isomerization properties of

the polyene 2 A state can be extrapolated to polyanes
Madingley Rd. Cambridge CB3 OHE, UK; and H. Murata, S. Tokito, T. of arbitrary co j'ngation length to give a consistent and
Tsutsui and S. Saito, Dept. of Materials Science and Technology, Kyushu quantitative accounting of the photoinduced absorption,

thermal isomerization and nonlinear optical response
University, Kasuga, Fukuoka 816, Japan. observed for polyacetylene films.

Poly(thiophenevinylene) IPTV] is prepared via a sulphonium Q13.2
polyelctrolyte precursor, allowing the ready fabrication of fully dense THEORETICAL CALCt..ATIONS ON NONLINEAR SUSCEFTIBILITIES OF

ORGANIC MATERIALS. Yuzo Itoh. Tomoyuki Hamada, Atsushi
thin films which are of interest for nonlinear optics and related Yakuta, and Akio Mukoh, Hitachi Research Laboratory,

applications. WereportasudyoftheopticalpropertiesofPTvandits Hitachi Ltd. 4026 KuJi-cho, Hitachi, Ibaraki, 319-12

behaviour following photoexcitation. Photoexcirafion above the bandgap Japan.

(ca. 1.76eV)givesrisetoatransientspectruminwhichabsorptionpeaks Under the oriented gas model approximation, we can

(-ATIT-3x 104) re seen at 0.43 and 1.0eV. Anaddiionaloscillatory calculate susceptibility of an organic crystal if the
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molecular hyperpolarizability and the crystal structure Above the glassy temperature, Tg, the dopant
are known. Semi-empirical (CNDO/S3-CI) and ab initio dynamics is easily visualized by Kerr effect
molecular orbital (MO) calculations are used to evaluate the relaxation time is short (T a 0,01 s at Tg
molecular hyperpolarizabilities. Crystal energy + 5*C).
calculations, using empirical atom-atom pairwise
potentials, are employed to' evaluate the crystallization In the glassy state, disorientation as well as
properties, orientation can be achieved below Tg. The

analysis of the SMOLUCHOVSKI equation shows that

In the hyperpolarizability calculations, the semi- the rotation of the chromophore cannot be

empirical MO calculations are applied to search for described by a single diffusion coefficient or a

suitable materials for second harmonic generation (SHG) single relaxation time T. We give resultats about

of a diode laser. The ab initio HO calculations are the dependance of the relaxation time

done for more rigorous analyses. Basis set dependence distribution with temperature, physical ageing,

of the hyperpolarizability values calculated by a time magnitude of the secondary transition, molecular

independent perturbation and a coupled-perturbed Hartree- weight and dopant/polymer dipolar interaction.

Fock (CPHF) methods is investigated. Q13.6

Space group limiting calculations of crystal energy with SECOND ORDER NONLINEAR OPTICS AND POLYMER PHYSICS
the accelerating convergence method are performed to OF CORONA POLED POLYMER FILMS. FBI= L H= shx Jian
estimate the minimum energy crystal structures of organic Yangb, George V. Wongb, John M. Torkelsonsi; aDepartment of Materials
nonlinear materials. The calculated structures agree Science and Engineering, bDpaitment of Physics and Astronomy, cDrpan-
well with the experimental ones. ment of Chemical Engineering, Northwestern University. Evanston, IL.

The oriented gas model neglects the effect of Basicpolymephysicsphenomena, includingrelaxationand mobility, fre
intermolecular interactions by crystal packing on voluneandfreevolumedisuibutonswereexamedinglassypolymers
hyperpolarizability. The effect is estimated doped with nonlinear optcal (NLO) chromophores. Second order NLO
quantitatively by the ab Initio MO calculations of super effects such as second harmonic generation (SHG) and the linea lecto-
molecules of several typical organic nonlinear materials. optic effect were examined as a function of tine to investigate the temporal

013.3 stability of dopant orientation in in-situ corona poled films of polystyrene,
poly(methyl methacrylate), and bisphenol-A-polycarbonate doped with

NONLINEAR OPTICAL RESPONSE IN CONJUGATED NLO dyes. In-situ corona poling was used to generate a sung electric field
POLYMERS - A THEORETICAL APPROACH. Mauro Pereira. that oiented the dopants noncentrosymmetrically in the polymer matix
Jr.. Optical Sciences Center, University of Arizona Tucson. AZ (required for SH6 to occur). The SH0 intensity decays when relaxations
85721; S. W. Koch. Physics Department and Optical Sciences Center. in the polymer glass allow the dopants freedom to rotate out of their poling-
University of Arizona. Tucson. AZ 85721; Sumit Mazumdar. Physics imposed noncentommerc orientation. The SHG intensity was
Department. University of Arizona. Tucson. AZ 85721: and S. N. measuredin-situ, direclyinthebeampathwith time before and after
Dixit. Lawrence Livermore National Laboratory. Livermore. CA physical and chemical modifications to the films, including physical aging
94550. and secondary bonding effects.

The nonlinear optical properties of organic conjugated polymers are Physical aging, or sub-Tg annealing, was performed before and during
theoretically investigated. We compute the differential transmission poling in order to decrease and redistribute local free volumeldecease
spectra (DTS) for conjugated polymers assuming a typical pump- segmental mobility around the NLO dopants. Physical aging during poling
probe geometry. The probe transmission is calculated both with and led to an increase in temporal stability of the SHG intensity by densifying
without the simultaneous excitation of the experimental system by a the matrix around the orienting dopants. Aging before poling decreased the
pump beam that is not collinear. Calculations are done for the fraction of dopants able to orient (decreased SHG intensity) but did not
simple Hinckel (SSH). Hubbard and Pariser-Parr-Pople models, and affect th shape of the SHO decay curve. Other variables examined included
both dipole-allowed one-photon states and dipole-forbidden two- the effect of thermal history, poling temperature and time, and polymer
photon states are included. The one-electron Hamiltonian is studied polydispersity and molecular weight Quenching from different temperatues
for the infinite chain length. while finite Hubbard and PPP chains above Tg ledto different temporal stabilities of the SHG intensity. The
are investigated within an exact numerical approach. The effect of dopant/polymer interactions was studied by comparing NLO
completely general expression for the DTS is evaluated without dopants of similar size but different ability to hydrogen bond to a given
making use of any rotating wave approximation. The DTS is polymer marix. Hydogen bonding between the dopant and polymer
calculated for broad ranges of pump and probe frequencies to study significantly increased the temporal stability of the SHO intensity.
absorption saturation, probe gain, photoinduced absorption, as well
as the optical Stark effect. Q13.7

THEORETICAL STUDIES OF THE NONLINEAR PROPERTIES
Q13.4 ABSTRACT NOT AVAILABLE OF 1-ARGININE PHOSPHATE AND DERIVATIVES. C. A.
013.5 Langhoff, Dow Chemical, 1776 Bldg., Midland, MI

ROTATIONNAL DIFFUSION OF CHROMOPHORES INSIDE A 48674.
GLASSY POLYMERIC FILM STUDIED BY ELECTROOPTICAL
POLARIMETRY. R~mi MEYRUEIX and Girard MIGNANI,
Phfne-Poulenc Recherches, Centre des Carriires, Recent work at the Lawrence Livermore National
69192 SAINT-FONS CEDEX, France. Laboratory has shown that 1-arginine

phosphate(LAP) is a good candidate for frequency
Amorphous polymers doped or functionalized with conversion of Nd lasers. We have undertaken a
charge transfert chromophores appear to be a quantum chemical study of LAP and several
promising novel class of NLO material, derivatives in a effort to understand the origin

of it nonlinear properties. The semiempirical
The dynamic of the chromophores when the film is CNDO/S method was used to calculate the excited
subjected to an electrical poling field is properties of the molecule and a conventional sum
studied both in the rubber and in the glassy over states method was used to calculate the 0
state by electrooptical polarimetry. We present tensor. Comparison of these results with measured
here the rigorous derivation of the second order values will be presented.
susceptibility coefficients X,13 and X113
from the phase shift between s and p waves
crossing the film under incidence i. Our method
is applied to some polymer matrix doped with the
disperse red one ao dye.
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Q13.s In the past two years, we have extensively demonstrated the
QUANTUM LATTICE FLUCTUATIONS AND NONLINEAR OPTICAL wide-ranging utility of chiral composites constructed at our
PROPERTIES OF CONDUCTING POLYMERS. J. Yu, Center. The composites are environmentally stable, and can be
B. Friedman, and W. P. Su University of Houston, conveniently processed for RFI / EMI / EMC applications. The
Houston, TX. host material is a blend of silicone and non-silicone polymers,

while microballoons made of a lossy chiral polymer constitute
Quantum lattice fluctuations in the form of vir- the inclusion phase. Extensive characterization tests conducted
tual soliton antisoliton(Sg) pairs have been shown on our free-space microwave characterization facility over the
to significantly affect the subgap absorption and 8-40 GHz range will be presented to demonstrate the remarkable
the luminescence spectra of conjugated polymers. properties of these composites.
Within a tight binding model we have calculated
the contribution of the virtual S§ pairs to the Q13.12
cubic susceptibilities. The result can explain a ARTIFICIAL CHIRAL COMPOSITES. Vasundara V. Varadan
pronounced two photon resonance peak in the third Deepak K. Ghodgaonkar, Vijay K. Varadan and Akhlesh
harmonic spectrum of trans-polyacetylene. Result Lakhtakia, Research Center for the Engineering of Electronic
for nondegenerate polymers will also be discussed. and Acoustic Materials, 227 Hammond Building, Pennsylvania
013.9 State University, University Park, PA 16802.

THIRD ORDER NONLINEAR OPTICAL EFFECTS IN
POLYCONDENSED THIOPHENE BASED POLYMERS. Lin Yang, R. Chiral media are commonly found in nature as the
Dorsinville, R. R. Alfano, Physics and Electrical Engineering stereoisomers of organic chemistry, which exhibit the innate

chirality of their molecules at optical frequencies. The geometricDepts. City College of New York 138th St. and Convent Ave. New basis of chirality has been extended down to the GHz frequency
York, New York 10031; C. Taliani Istituto di Spettroscopia range by suspending microminiature helices in a dielectric host
Molecolare Consiglio Nazionale delle Ricerche Via de'Castagnoli materia. Since the helices are chiral, the composite thus
1,40126 Bologna, Italy constructed is also (artificially) chiral. The host material can be

simple polymers such as epoxy, or the more complicated
Third order nonlinear optical effects of polythiophene and a con aucting polymers. Properties of these artificial composites
hmologos sernoniearoptilefs of polycotdens thioh poerd a have been tested in the 8-40 GHz frequency range, and indicatehomologous series of polycondensed thiophene based polymers their utility as EM shielding materials, microwave absorbers, as

were investigated using the picosecond four wave mixing well as for other EMI / EMC/ RFI purposes.
technique. For the first time, the dispersion of the cubic
nonlinear susceptibility X(3) using four wave mixing above and Q13.13
below gap for several thin films samples of thiophene based POLYMER BLEND FOR RFI / EMI / EMC APPLICATIONS.
polymers are reported. The X(3) for these polymers was found to Neil Williams, Vijay K. Varadan and Vasundara V. Varadan,

Research Center for the Engineering of Electronic and Acousticbe one of the largest and fastest. Materials, 227 Hammond Building, Pennsylvania State

The research at CCNY is supported by PSC and NSF. University, University Park, PA 16802.

Q13.10 A conducting polymer blend made of silicone and non-silicone
OPTICAL CHARACTERISATION OF POLYDIACETYLENE LANGMUIR- polymers has been developed at our Center. The silicone
BLODGETT FILM ON SILICON SUBSTRATES. P. Miller, A.M.K. polymer is made of polysiloxane units with electron-
Rahman, S.V. Broude, S. Tripathy, Univeirs--fyof Lowell, withdrawing groups attached to silicone for a.c. conductivity.
Departments of Physics and Chemistry, Lowell, M 01854 The non-silicone polymer is carbon-based and also has electron-

withdrawing groups. D.C. conductivity may be imparted to the
A bi layer of a surfactive polydiacetylene (15-8 PDA) has blend by adding tin tetrachloride powder. The polymer blend
been deposited by langmuir-Blodgett (L.B.) technique on a has been extensively tested in the 5-60 GHz frequency range
smooth Silicon substrate. A commercial Lauda film balance using a free-space measurement setup described elsewhere in
was used to deposit the bilayer on a cleaned Silicon wafer, this Symposium. Our experimental results strongly indicate

that this blend is suitable for RFI / EMI / EMC applications, andThe morphology of the deposited film has been studied by also for constructing microwave absorbing panels. It is
cross-polarized optical microscopy, and laser light environmentally stable, hydrophobic, and non-corrosive; and it
scattering microscopy. Usual crystalline domains with can be applied to diverse surfaces in a variety of ways.
size ranging from 5 to 50 Pm can be seen between cross
polarizers. Nonuniformities and voids in the film are
observed by imaging the scattered light from a visible
laser beam incident at grazing angle onto the film.

Raman scattering study on these bilayers have been carried
out to investigate their vibronic structure. Information
about vibronic levels from PDA has been used to define tq
extend of disorder and crystalline phase of the bilayer."'
Large enhancement of the scattering is obtained on local
rough defects on the Si substrate.

Reference:
1. Y.J. Chen, S.K. Tripathy, G.M. Carter, B.S. Elman,
E.S. Koteles and J. George, Jr, Solid State Comm. 58,
pp. 97-100 (1986).

013.11

MICRO-ENCAPSULATED CHIRAL POLYMER COMPOSITES.
Vixa .V n., Deepak K. Ghodgaonkar, Vasundara V.
Varadan and Akhlesh Lakhtakia, Research Center for the
Engineering of Electronic and Acoustic Materials, 227
Hammond Building, Pennsylvania State University, University
Park, PA 16802
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MATERIALS SYNTHESIS UTILIZING 11:15 R1.7
BIOLOGICAL PROCESSES A "BTO-MIMETIC" RO.TE TO BARIUM TITANATE

SHEETS, Paul Calvert, University of Arizona,
November 28 - 30, 1989 Department of Materials Science and En-

qineering, Tucson, AZ; R.A. Broad, Univer-
SESSION RI: BIOLOGICAL AND BIOMIMETIC sity of Sussex, School of Chemistry, Sussex,

MINERALIZATION I United Kingdom.
Chairs: Paul Calvert and Richard Blakemore

Tuesday Morning, November 28 11:30 R1.8
Essex North Center (W) SYNTHETIC SURFACES AS MODELS FOR BIOMINER-

ALIZATION SUBSTRATES, P.C. Rieke, B.J.
8:30 *R1.1 Tarasevich, S.B. Bentjen, Battelle-Pacific
BIOMINERALIZATION BY MAGNETIC BACTERIA, Northwest Laboratory, Metals and Ceramics
Richard P. Blakemore, Univers-ity of New Science Department, Richland, WA.
Hampshire, Microbiology Department, Durham,
NH. 11:45 DISCUSSION

9:00 *Rl.2 SESSION R2: BIOLOGICAL AND BIOMIMETIC
DENTAL ENAMEL BIOMINERALIZATION: A PROSPEC- MINERALIZATION II
TUS, Harold C. Slavkin, Malcolm L. Snead, Chairs: Peter Rieke and Dave Eanes
Margarita Zeichner-David, Eduardo C. Lau and Tuesday Afternoon, November 28
Alan G. Fincham, University of Southern Essex North Center (W)
California, Los Angeles, School of Den-
tistry, Laboratory for Developmental Biol- 1:30 *R2.1
ogy, Department of Basic Sciences, Los CALCIUM PHOSPHATE PRECIPITATION IN LIPOSOMAL
Angeles, CA. SUSPENSIONS, Edward D. Eanes, National

Institute of Standards and Technology,
9:30 *Rl.3 Polymers Division, Gaithersburg, MD.

BONE FORMATION: THE RULES FOR FABRICATING A
COMPOSITE CERAMIC, Arnold I. Caplan, Case 2:00 R2.2
Western Reserve University, Skeletal KINETICS AND SOLUTION CHEMISTRY OF HYDROXYA-
Research Center, Department of Biology, PATITE FORMATION, Paul W. Brown and Mark T.
Cleveland, OH. Fulmer, Pennsylvania State University,

Department of Materials Science and the
10:00 BREAK Materials Research Laboratory, University

Park, PA.
10:15 R1.4
CRYSTAL FORMATION WITHIN COLLAGEN FIBRILS: A 2:15 R2.3
STUDY OF MINERALIZING TURKEY TENDON, S. THE NUCLEATION AND GROWTH OF CALCIUM PHOS-
Weiner, Weizmann Institute of Science, PHATE ON SEPARATED SALIVARY PROTEIN FILMS,
Structural Chemistry and Isotope Depart- A.A. Campbell and G.H. Nancollas, State
ments, Rehovot, Israel; W. Traub, J. University of New York at Buffalo, Chemistry
Moradian-Olkak, L. Addadi, Weizmann In- Department, Buffalo, NY.
stitute of Science, Structural Chemistry
Department, Rehovot, Israel; and W. J. 2:30 R2.4
Landis, Children's Hospital, Harvard Medical THE INFLUENCE OF SALIVARY PROTEINS ON THE
School, Boston, MA. GROWTH, AGGREGATION AND SURFACE PROPERTIES

OF HYDROXYAPATITE PARTICLES, M. Johnsson, C.
10:30 R1.5 Richardson and G.H. Nancollas, State Univer-
MINERAL PHASE CHARACTERIZATION FROM IN VITRO sity of New York at Buffalo, Chemistry
MINERALIZATION OF HUMAN OSTEOBLASTIC OS- Department, Buffalo, NY.
TEROSARCOMA CELLS, E.P. Paschalis, D.N.
Tatakis, R. Dziak and G.H. Nancollas, State 2:45 R2.5
University of New York at Buffalo, Chemistry THE EFFECTS OF PHOSPHOCITRATE AND CITRATE ON
Department, Buffalo, NY. THE CRYSTAL GROWTH AND PARTICLE SIZE DIS-

TRIBUTION OF HYDROXYAPATITE, C.F.
10:45 DISCUSSION Richardson, M.S.A. Johnsson and G.H.

Nancollas, State University of New York at
11:00 R1.6 Buffalo, Chemistry Department, Buffalo, NY.
CERAMIC OXIDE THIN FILM FORMATION UTILIZING
BIOLOGICAL PROCESSES, B.J. Tarasevich and 3:00 DISCUSSION
P.C. Rieke, Battelle-Pacific Northwest
Laboratory, Materials Sciences Department, 3:15 BREAK
Richland, WA.

*Invited Paper
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3:30 R2.6 10:00 R3.4
THE MICROSTRUCTURES AND FORMATION OF BIOMIN- POLYMERIZATION OF PHENOLS CATALYZED BY
ERALIZED BIVALVIA SHELLS, L.J. Huang and PEROXIDASE - CONTROLS AND APPLICATIONS, A.R.
H-D. Li, Tsinghua University, Department of Pokora and W.L. Cyrus Jr., Mead Central
Materials Science and Engineering, Beijing, Research, Chillicothe, OH.
China.

10:15 R3.5

3:45 R2.7 BIOCATALYTIC SYNTHESIS OF POLYESTERS BY
THE BERNAL SPIRAL AS A MODEL FOR THE STRUC- ENZYME-CATALYZED TRANSESTERIFICATION IN
TURE OF SOME BIOLOGICAL SYSTEMS, Gustavo ORGANIC MEDIA, Cary J. Morrow, J. Shield
Vazquez Polo and Miguel Jose Yacaman, UNAM, Wallace, Gregory M. Bybee, Kristin B. Reda,
Instituto de Fisica, Mexico, Mexico. and Mark E. Williams, University of New

Mexico, Department of Chemistry, Albuquer-
4:00 R2.8 que, NM.
MECHANICAL PROPERTY-MICROSTRUCTURAL RELA-
TIONSHIPS IN ABALONE SHELL, Mehmet Sarikaya, 10:30 DISCUSSION
Katie Gunnison and Ilhan A. Aksay, Univer-
sity of Washington, Department of Materials 10:45 BREAK
Science and Engineering, Seattle, WA.

11:00 R3.6
4:15 R2.9 ENZYMATIC SYNTHESIS OF ALKYDS, S. Geresh.

AN ELECTRON MICROSCOPY STUDY ON THE MICRO-
STRUCTURE OF THE STROMBUS GIGAS SHELL, V.J. 11:15 R3.7
Laraia Jr., M. Aindow and A.H. Heuer, Case ENZYMES AS AIDS IN POLYMER SYNTHESIS, G.
Western Reserve University, Department of Sudesh Kumar, Alchemie Research Centre,
Materials Science and Engineering, Cleve- Thane, India.
land, OH.

11:30 R3.8 f
4:30 R2.10 ENZYMATIC SYNTHESIS OF CHIRAL LACTONES AND

THE MICROINDENTATION BEHAVIOR OF SEVERAL POLYESTERS, Arie L. Gutman, Technion-Israel
MOLLUSK SHELLS, V.J. Laraia Jr., and A. H. Institute of Technology, Department of
Heuer, Case Western Reserve University, Chemistry, Haifa, Israel.
Department of Materials Science and En-
gineering, Cleveland, OH. 11!45 DISCUSSION

SESSION R4: MATERIALS SYNTHESIS USING
SESSION R3: ENZYMATIC SYNTHESIS OF ALTERED OR SYNTHETIC GENES

MATERIALS IN CELL-FREE SYSTEMS Chair: David Tirrell
Chair: Mark Alper Wednesday Afternoon, November 29

Wednesday, November 29 Essex North Center (W)
Essex North Center (W)

1:30 R4.1
8:30 MARK ALPER, OPENING REMARKS SITE-DIRECTED MUTAGENESIS FOR THE DESIGN OF

ENZYMES FOR MATERIALS SYNTHESIS, Jack F.
8:45 R3.1 Kirsch and Mark Alper, University of Call-

MATERIALS SYNTHESIS UTILIZING BIOLOGICAL fornia at Berkeley, Department of Molecular
PROCESSES, George M. Whitesides, Harvard and Cell Biology, and Center for Advanced
University, Department of Chemistry, Cam- Materials, Lawrence Berkeley Laboratory,
bridge, MA. Berkeley, CA.

9:15 R3.2 1:45 R4.2
THE USE OF PROTEINS IN THE SYNTHESIS OF SITE-SPECIFIC MUTAGENESIS WITH UNNATURAL
POLYMERS AND THE MODIFICATION OF SILICON AMINO ACIDS, Spencer J. Anthony-Cahill,
SURFACES, Lynn Oehler, Chris Hobbs, Mark Christopher J. Noren, Michael C. Griffith,
Mastandrea and Mark Bednarski, University of Daniel J. Suich, Stephanie A. Robertson,
California, Berkeley, Department of Chemis- Wenchuan Liang, and Peter G. Schultz, Uni-
try and Center for Advanced Materials, versity of California at Berkeley, Chemistry
Lawrence Berkeley Laboratory, Berkeley, CA. Department, and Center for Advanced Materi-

als, Lawrenze Berkeley Laboratory, Berkeley,
9:45 R3.3 CA.

POLYMER SYNTHESIS BY FREE RADICAL ENZYME
COUPLING REACTIONS IN SOLVENTS, J.A. Akkara,
K. Senecal and D.L. Kaplan, US Army Natick,
R&DE Center, Natick, MA.
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2:00 R4.3 4:45 DISCUSSION
MODIFICATION OF PROTEASES FOR PEPTIDE SYN-
THESIS, Jeffrey A. Bibbs, Zivang Znong and SESSION R5: MATERIALS PROPERTIES OF
Chi-Huey Wong, Research Institute of BIOPOLYMERS
Scripps Clinic, LaJolla, CA and Center for Chairs: Paul Calvert and Steven Mann
Advanced Materials, Lawrence Berkeley Labor- Thursday Morning, November 30
atory, Berkeley, CA. Essex North Center (W)

2:15 DISCUSSION 8:30 R5.1
BIOPOLYMERIZATION AND BIOCRYSTALLIZATION

2:30 R4.4 EVENTS LEADING TO THE ASSEMBLY OF A CELLULOS
GENETICALLY CONTROLLED SYNTHESES OF NEW MICROFIBRIL, R. Malcolm Brown Jr., The
POLYMERIC MATERIALS, Maurille J. Fournier University of Texas at Austin, Department of
and Thomas L. Mason, University of Mas- Botany, Austin, TX.
sachusetts, Department of Biochemistry,
Amherst, MA; Kevin P. McGrath and David A. 9:00 R5.2
Tirrell, University of Massachusetts, De- DESIGN AND ENGINEERING OF BIOPOLYMERS,
partment of Polymer Science and Engineering, ChoKvun Rha, Massachusetts Institute of
Amherst, MA. Technology, Biomaterials Science Laboratory,

Cambridge, MA.
2:45 R4.5

SYNTHESIS OF A COLLAGEN ANALOG IN ES- 9:15 R5.3
CHERICHIA COLI USING RECOMBINANT DNA TECH- CHARACTERIZATION OF CHITOSAN BIOSYNTHETIC
NOLOGY, Ina Goldberg and Anthony J. Salerno, ENZYMES IN MUCOR ROUXII, Stephen J.
Allied-Signal, Inc., Department of Biotech- Lombardi, Steven Arcidiacono and David I.
nology, Morristown, NJ. Kaplan, US Army Natick Research, Development

and Engineering Center, Natick, MA.
3:00 R4.6

BIOLOGICAL PRODUCTION OF UNIFORM POLYPEP- 9:30 R5.4
TIDES FOR OPTICAL APPLICATIONS, Carl W. RECENT STUDEIS ON THE BIOSYNTHESIS OF POLY-
Lawton, Herbert E. Klei, University of HYDROXYALKANOATES, Oliver P. Peoples and
Connecticut, Department of Chemical En- Anthony J. Sinskey, Massachusetts Institute
gineering, Storrs, CT; Linda D. Strausbaugh, of Technology, Department of Biology, Cam-
University of Connecticut, Department of bridge, MA.
Molecular and Cell Biology, Storrs, CT; and
Robert Crane, Wright Patterson Air Force 9:45 DISCUSSION
Base, Materials Science Group, Dayton, Ohio.

10:00 BREAK
3:15 DISCUSSION

10:15 R5.5
3:30 BREAK INFLUENCE OF COPOLYMERIC STRUCTURE ON PRO-

PERTIES OF POLY-/P-HYDROXYALKANOATES (PHA),
3:45 R4.7 Robert H. Marchessault, Clevys Monasterios

GENETICALLY ENGINEERED ADHESIVE PROTEIN, and Fred Morin, McGill University, Depart-
Rebecca P. Link and Robert Strausberg, ment of Chemistry, Quebec, Canada.
Genex Corporation, Gaithersburg, MD.

10:30 R5.6
4:00 R4.8 EGGSHELL FORMATION IN THE HELMINTH FASCIOLA

ELASTOMERIC POLYPEPTIDE BIOMATERIALS, Dan W. HEPATICA: FUTURE APPLICATION OF PRODUCTS TO
Ur , University of Alabama at Birmingham, SYNTHETIC MICROENCAPSULATION, Allison C.
School of Medicine, Laboratory of Molecular Rice-Ficht and Kathryn A. Dusek, Texas A&M
Biophysics, Birmingham, AL. University, Department of Medical Biochemis-

try and Genetics, College Station, TX; John
4:15 R4.9 Kochevar, Texas A&M University, Department

THE GENETIC PRODUCTION OF SYNTHETIC CRYSTAL- of Medical Pathology, College Station, TX;
LINE PROTEIN POLYMERS, Joseph Cappello, J. Herbert Waite, University of Delaware,
Magda Marquet and Franco Ferrari, Protein College of Marine Studies, Lewes, DE.
Polymer Technologies, Inc., San Diego, CA.

10:45 DISCUSSION
4:30 R4.10

THE EXPRESSION OF SILK LIKE PROTEIN BY E. 11:00 R5.7
COLIVIA SYNTHETIC GENE EXRESSION, Nicholas CHARACTERIZATION AND STRUCTURE OF MUSSEL
V. Ashley, Cambridge Laboratory, PA Con- ADHESIVE PROTEINS, Richard A. Laursen, Jung-
sulting Group - Technology, Herts, United Jung Ou, Xiao-Tonq Shen and Michael J.
Kingdom. Connors, Boston University, Department of

Chemistry, Boston, MA.
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11:15 R5.8 3:30 R6.5
CALCIUM MINERAL-PEPTIDE INTERACTIONS, A.P. MECHANICAL PROPERTIES OF BACTERIAL FIBERS,
Wheeler, Clemson University, Department of John J. Thwaites, Cambridge University,
Biological Sciences, Clemson, SC; C. Steven Department of Engineering, Cambridge, United
Sikes, University of South Alabama, Mineral- Kingdom; and Neil H. Mendelson, University
ization Center, Mobile, AL. of Arizona, Department of Molecular and Cel-

lular Biology, Tucson, AZ.
11:30 R5.9
MOLECULAR RECOGNITION BETWEEN PROTEIN AND 3:45 R6.6
CRYSTAL: RELEVANCE TO BIOMINERALIZATION, L. GROWTH-PACKED PPT-A FIBER FOR THE REPLACE-
Addadi, Weizmann Institute of Science, MENT OF NATIVE ASBESTORS, Han Sik Yoon,
Structural Chemistry Department, Rehovot, Korea Institute of Science and Technology,
Israel; A. Berman, Weizmann Institute of Department of Fiber Science, Seoul, Korea.
Science, Structural Chemistry and Isotope
Departments, Rehovot, Israel; J. Moradian- 4:00 R6.7
Oldak Weizmann Institute of Science, Struc- COMPOSITE BIOMOLECULAR/SOLID STATE NANO-
tural Chemistry Department, Rehovot, Israel; STRUCTURES, Kenneth Douglas and Noel A.
and S. Weiner, Weizmann Institute of Clark, University of Colorado, Physics
Science, Structural Chemistry and Isotope Department, Boulder, CO; and Kenneth J.
Departments, Rehovot, Israel. Rothschild, Boston, University, Physics

Department, Boston, MA.
11:45 DISCUSSION

4:15 DISCUSSION
SESSION R6: STRUCTURE AND SELF-ASSEMBLY
Chairs: Paul Calvert and Malcolm Brown 4:30 R6.8

Thursday Afternoon, November 30 DIAMETER QUANTIZATION IN CYLINDRICAL AG-
Essex North Center (W) GREGATES OF CHLOROPHYLLS, D.L. Worcester,

University of Missouri, Fiology Department,
1:30 R6.1 Columbia, MO; T.J. Michalski, M.K. Bowman

BIOMINERALIZATION: NEW ROUTES TO CRYSTAL and J.J. Katz, Argonne National Laboratory,
ENGINEERING, Stephen Mann, University of Chemistry Department, Argonne, IL.
Bath, School of Chemistry, Bath, United
Kingdom. 4:45 R6.9

ENZYMATIC RESOLUTION OF BICYCLO[3.2.0]HEPT-
2:00 *R6.2 2-EN-6-YL ESTERS, Norbert Klempier, Kurt

ONTOGENETIC AND PHYLOGENETIC VARIATION OF Faber and Herfried Griengl, Graz University
FORM AND FUNCTION OF THE OCULAR LENS, J.G. of Technology, Department of Organic Chemis-
Sivak, University of Waterloo, School of try, Graz, Austria.
Optometry, Ontario, Canada.

5:00 DISCUSSION AND CLOSING REMARKS
2:30 R6.3

HIERARCHICAL STRUCTURE OF THE INTERVERTEBRAL
DISC, J.J. Cassidy, A. Hiltner, and E. Baer,
Center for Applied Polymer Research and Case
Western Reserve University, Macromolecular
Science Department, Cleveland, OH.

2:45 R6.4
BENDING, FOLDING, AND BUCKLING PROCESSES
DURING BACTERIAL MACROFIBER MORPHOGENESIS,
Neil H. Mendelson, University of Arizona,
Department of Molecular and Cellular Biol-
ogy, Tucson, AZ; John J. Thwaites, Cambridge
University, Department of Engineering,
Cambridge, United Kingdom.

3:00 DISCUSSION

3:15 BREAK
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RI. 1 of lineage steps from a stem cell through the stage of
secretory activity; a few osteoblasts become encased in

BIOMINERAIZATION BY MAGNETIC BACTERIA. Richard bone and are referred to as osteocytes. As a secretory
. Blakemore. Microbiology Department, University of New cell, the osteoblast synthesizes and extrudes a unique

Hampshire, Durham, N. H. 03824. extacettutaA ma..t.ix which concentrates calcium and phos-
phate to form the mineral phase of bone. Our studies of

At least a dozen morphologically distinct prokaryotic species take embryonic bone formation have uncovered several "rules"
up iron and accumulate it some 20,000-fold over its extracellular which govern the fabrication of bone, which is a "composite
concentration. They produce the iron oxide magnetite as an ceramic" of organic fibers (collagen) and mineral. These
intracellular bionineralization product; as a consequence, each cell rules require that, for osteoblasts to form bone, they must
is magnetic. Magnetic bacteria exert control over the quantity, grain congregate into cobblestone-like sheets with capillaries
size, crystal morphology, distribution and orientation of magnetite near their back. The capillaries are obligatory to
within the cell in a species-specific manner. Other (non-magnetic) oriented secretion of mineralizable matrix. Recent studiesindicate that mineral itself can play a profound role inbacteria bioprecipitate magnetite extracellularly as an abundant but the orientation of the osteoblasts and the multiplication
largely amorphous flocculent phase in the culture medium. Within of the osteoprogenitor cells. Using porous Ca:P ceramics
cells of Aquaspirillum magnetotarricum, the most-studied magnetic with marrow or marrow-derived cells, we can demonstrate
bacterium, the mineral occurs as a core enclosed within a biological that substantial numbers of osteoblasts bind to and are
membrane; the entire structure comprising a "magnetosome". organized at the face of calcium phosphate. Although few

in number, the osteoprogenitor cells divide and eventually
The magnetosome membrane (which is obviously not required for these sheets make bone onto the surface of the porous
bacterial magnetite formation) probably does control aspects of the ceramic. The new bone is in crystalline alignment with the
biomineralization process in magnetic bacteria. Cell fractionation ceramic surface and suggests that the ceramic surface may
studies have revealed the chemical composition of the magnetosome orient and actively stimulate the osteoblasts to make bone.

In summary, the rules for bone formation are: (1) adequatevesicle membrane. Several proteins not found elsewhere in the cell number of osteoprogenitor cells, (2) capillaries, (3)
are candidate proteins for sequence analysis and/or inclusion in sheets of osteoblasts, and (4) a Ca:P crystalline surface
artificial membrane vesicles to obtain in vitro control of magnetite which supports de novo bone formation.
formation.

Rl .4
Pertinent Japanese patents include applications of bacterial particles ORYSTAL O-VTION WITHIN COLLAG FIBRILS: A STUDY OF
as magnetic toners (Canon, 21 Dec. 1987) and as substrates for HMNRALIZING TURKEY TeION. S. Weiner, W. Traub*, 3. Mora-
immobilization of physiologically active substances (TDK 18 May, dian-Olkak+ , L. Addadi+ , Isotope and Structural C-eistry
1987) in addition to methods of separation and purification of the Depts.+ , Weiarr Institute of Scienoe, Rehovot, Israel and
particles from cells (Hitachi 28 July, 1987). w.J. is, Childrens Hospital, Harvard Medical So,Bos"ton, Man.

RI .2
Collagen is the framework protein that oontrols crystalDENTAL ENAMEL BIOMINERALIZATION: A PROSPECTUS. formation in bone, dentin and tendon. Carbonate apatite

Harold C. Slavkin, Malcolm L. Snead, Margarita Zeichner-David, crystals formed in association with the oollagen fibril are
Eduardo C. Lau and Alan -G. Fincham, Laboratory For all oriented with respect to their c axes. Studies of ncr-
Developmental Biology, Department of Basic Sciences, School of phologies, sizes and electron diffraction patterns of irdi-
Dentistry, University of Southern California, Los Angeles, CA. vildual mineral particles shows that the crystals are not
90089-0191 unJik their synthetic oounterparts. TBM images of Indi-

vidual mineralized turkey tendon fibrils embedded and exam-It is becoming increasingly evident that recombinant DNA ined in vitreous ice, show that the crystals are arranged
technology, physical-chemistry and selected biological processes in ordered parallel layers that form as stacked arrays
can be coupled leading to the development of new "synthetic" across the fibril diameter. This motif is onssistant with
biomaterials. One opportunity for such an interdisciplinary the crystals growing in grooves or channels formed by ol-
strategy is the development of dental restorative materials--- lagen gap regions being ontiguous over large di-tans
human enamel. This summary and prospectus will highlight following ths Katz-Li model. This 3-dimensiora.l organiza-
selected features related to dental enamel biomineralization. tional pattern can extend between neighboDring fibrils. Fi-
During vertebrate tooth dental enamel formation, fish through buls in the process of mineralizing have crystals with a
mammals, epithelium synthesize and secrete enamel proteins wide range of sizes, many of which extened beyad one gap
which serve to nucleate and regulate calcium hydroxyapatite region in the fibril axis directicn.
crystal growth and orientation. Significant progress has been
made in the isolation and characterization of these anionic as This study suggests that rucleation of carbonate apatite
well as hydrophobic enamel proteins resulting in partial and crystals is a oontrolled prooess causing c axis orienta-
complete amino acid sequences. In tandem, substantial progress tion, altihugh it is not known whether this is inherent to
has been made to identify, clone, sequence and express dental oollagen itself or is due to the presence of sone addition-
enamel cDNAs. More recent evidence has also provided specific al xzmspoent. ollagen, hoever, does not apear to oos-
time and position cellular localizations using in situ hybridization stitute a rigid frasDiejrk that confin, crystal growth, but
as well as chromosome mapping for the major amelogenin rather influes it in subtle ways, which have yet to be
structural gene in both mouse and human. Synthetic oligopeptides determined.
have been used to study physical-chemical interactions related to
biomineralization. How specific motifs within the primary Ri.5
structure and/or post-translational modifications of enamel MINERAL PHASE CHARACTERIZATION FROM in vitro
proteins regulate enamel biomineralization remains, however, a MINERALIZATION OF HUMAN OSTEOBLASTIC OSTEOSARCOMA
critical issue towards developing a biotechnology to produce CELLS. E. P. Paschalis. D. N. Tatakis R. Dziak
human enamel. and G. H. Nancollaa, SUNY at Buffalo, Buffalo, NY
R1.3 In an attempt to devise an eaay and reliable

BONE FORMATION: THE RULES FOR FABRICATING A COMP(IS."E method for the atudy and evaluation of the
CERAMIC. Mstotd 1. Capan, Skeletal Research Center, lept. factors affecting biological mineralization, the
of Biology, Case Western Reserve University, Cleveland, OH characteriatics of In vitro mineralization by two

44106, USA human oasteoblastie oateoaarcoma cell-lines were

studied. Sao2 and G292 cella were seeded at SE-4
Bone is formed in a discrete series of fabrication steps by cells/ml in McCoy's 5a medium with 10% fetal calf
cells called osteoblasts. Osteoblasts arise in a sequence serum (FCS) (2ml/well of 6-well plate). After a
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72 hr incubation period, the medium was changed An attraction of this approach to making ceramics

to either McCoy's Sa with 10% FCS plus 50 sg/ml is that it avoids problems due to the formation of

ascorbic acid and 10 mM P-Glycerophosphate (test) hard agglomerates since particles do not come into

or same without P-Glycerophosphste (control). At contact from when they are first formed until when

1.2,3 and 4 weeks the cell cultures were fixed sintering starts.

with ethanol. After appropriate treatment, R1.8
samples were examined by Scanning Electron

Microscopy (SEM), Microprobe analysis (EDAX), X- SYNTHETIC SURFACES AS MODELS FOR BIONINERALIZATION

Ray diffraction (XRD) and Fourier-transform SUBSTRATES. P. C. Rieke, B. J. Tarasevich, S. B. Bentjen,
infrared spectroscopy (FTIR). SEM pictures were Pacific Northwest Laboratory, Richland, WA 99352

taken of all the samples examined by EDAX. Only
calcium was observed by EDAX analysis for all The structure-function relationship between

control and week 1 test samples. Test samples biomineralization proteins and the growing mineral phase

starting with the 2nd week, showed both calcium are difficult to study because of the uncertain

and phosphorus present. XRD and FTIR spectra composition, complex surface structure, and very low

indicated the presence of an amorphous phase in concentration of the proteins. Heterogeneous nucleation

all test samples of weeks 2-.4 whereas control is promoted on surfaces which reduce the surface tension

samples were negative. These data suggest that between the growing nuclei and the substrate. On organic

human osteosarcoma cell-lines are capable of In protein surfaces factors such as ligand binding of

vitro mineralization and that, under the cations, electrostatic attraction, van der Walls forces,

conditions employed in this study, the functional group density, micro-regional mobility, and

mineralized phase is of an amorphous nature, degree of order may play a role in the nuclei/substrate

We would like to thank NIH for the following surface tension. Simpler artificial surfaces can

grants in support of this work:DE03223, DE08240, substitute as model surfaces for the biological protein

DE07034, AR25271 surfaces and provide a mechanism to systematically explore
the physical and chemical substrate properties required

R1.6 for biomineralization.

CERAMIC OXIDE THIN FILM FORMATION UTILIZING BIOLOGICAL

PROCESSES. B. J. Tarasevich and P. C. Rieke, Pacific We have drawn from recent work on surface modified

Northwest Laboratory, Richland, Washington 99352 polymers, Langmuir-Blodget films and self-assembling
monolayers to tailor make substrates as nucleation and/or

Mineralization processes used by bioorganisms have been crystal growth substrates. Sulfonic acid, carboxylic

adapted for the nucleation and growth of ceramic oxide thin acid, and amine groups have been attached to various

films onto surfaces from aqueous solutions. These substrates. (Processes for attachment of other groups

strategies include the use of surfaces derivatized with such as phosphates and multi-dentate ligands are being

specific functional groups that control the nucleation and designed.) These three functional groups, a strong acid,

growth and properties of materials deposited. Initial weak acid and weak base respectively, provide a convenient

experiments have involved the precipitation of iron oxide series on which to compare the growth of various mineral

materials onto functionalized polystyrene surfaces. phases. Methods of preparing these substrates and their

Deposition resulted in the formation of thin films composed relative effectiveness at promoting nucleation and/or

of densely packed, nanometer-sized crystallites. Various crystal growth will be presented.

iron oxide phases were precipitated depending on the

solution chemistry conditions, and relationships between 
R2.1

the derivatized interfaces and the deposited minerals were CALCIUM PHOSPHATE PRECIPITATION IN LIPOSOMAL SUSPENSIONS.
investigated. Implications of this approach to thin film Edward D. Eanes, NIDR Research Associate Program, National
processing will be discussed. institute of Standards and Technology, Gaithersburg, MD.

R1.7 Artificial lipid vesicles (liposomes) provide an in

A "BIO-MIMETIC" ROUTE TO BARIUM TITANATE SHEETS vitro approach for microencapsulating calcium phosphate
Paul Calvert, Department of Materials Science and precipitation reactions in a manner similar to that which
Engineering, University of Arizona, Tucson AZ occurs in matrix vesicles, the initial loci for
85712, and R.A.Broad, School of Chemistry, Univer- extracellular mineralization in many skeletal tissues.
sity of Sussex, BNl 9QJ, England. Apatitic precipitates readily form within the aqueous

interiors of liposomes prepared from phosphatidylcholine,
Ceramic oxides can be formed by insitu precipitation dicetylphosphate, and cholesterol when the liposomal
in polymer films. A solution of polymer and membranes enclosing pH 7.4 buffered 50 mM P04 solutions are
alkoxide in a common solvent is cast and dried to made permeable to external 2.2 mM Ca

2 ' with ionophores. If
form a polymer film. Treatment of this film with the external Ca solution is rendered metastable with 1.5 mM
water or base converts the alkoxide to oxide P04, the apatitic precipitates rapidly expand to outside the
within the polymer. The initial precipitate is an liposomes as well c
amorphous gel but this may convert to a crystaline
precipitate. Although originally developed as a model for matrix

vesicle calcification, the latter observation that

Films of polymers containing dissolved barium and endogenously formed precipitates can readily seed metastable
titanium alkoxides were cast. Treatment with solutions outside the liposomes suggest that they may
water precipitated amorphous particles but ex- possibly be useful as vehicles to initiate spatially uniform

tracted barium. Treatment of the film with precipitations in complex aqueous-polymeric or gel-like
boiling barium hydroxide caused crystalline barium suspensions. The advantage that such a system has over
titanate to form within the film. direct seeding with exogenous apatite crystals is that the

Initial attempts to burn out the polymer and onset of the external precipitation can be controlled by the

sinter the particulate sheet were unsuccessful lipidic constituents. As an example, anionic lipidic

because of the low packing density of the par- membrane components such as phosphatidylserine (PS) can

ticles. Polybutylmethacrylate could be cast delay seeding for several hours. This protraction in

alkoxide levels corresponding to 65 wt% barium initiating external precipitation results from PS-mediated

titanate. The polymer in this film was burnt out attractions with inner membrane surfaces slowing movement of

at 600*C and the residue sintered at 1330 0 C to e endogenous crystals to the outer liposome surface. Such

dense barium titanate layer. delays could be useful in seeding systems where thorough
dispersion of the reactants and setting of the gelling
components may be desirable before precipitation commences.
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R2. 2
crystallites. An increase of almost 100% in

KINETICS AND SOLUTION CHEMISTRY OF average particle size was observed during theHYDROXYAPATITE FORMATION. Paul W. Brown uptake of proteins at the HAP surfaces. Even at
andMarkT. Fulme ,Department of Materials Science and very low surface coverage (0.5-lxlO' 9 ool m'2),
the Materials Research Laboratory, The Pennsylvania State strongly adsorbing proteins markedly decreased
University, University Park, PA 16802. the HAP growth rates. Maximum inhibition was

found at lower surface coverage for the cystatins
It is possible to form hydroxyapatite at physiological compared to amylase. At surface coverages
temperature and ambient pressure by the reaction of slightly greater than that required for maximum
particulate acidic and basic calcium phosphates. The reaction inhibition it appeared that the inhibiting
may be viewed as occurring at a metastable ternary invariant influences a c t u a 11 y decreased a s the
point in the system CaO-P205-H20 ' which involves the two concentration of protein increased.
solid reactants. The invariant solution is unstable with Study supported by NIDR grant # DE07585.
respect to hydroxyapatite, which precipitates from solution. R25

The kinetics of the above reaction and the morphologies of THE EFFECTS OF PHOSPHOCITRATE AND CITRATE ON THEthe hydhoxyapatite reaction Product will be discussed within CRYSTAL GROWTH AND PARTICLE SIZE DISTRIBUTION OFthe context of the selection of reactants and their respective HYDROXYAPATITE. C.F. Richardson, M.S.A. Johnssonparticle sizes. The effects of homoepitaxy on kinetics and and G.H. Nancollas, SUNY at Buffalo, Buffalo, NY.
microstructure will also be considered.

Several organic phosphates have been foundBecause hydroxyapatite formation occurs by a so-called to be good inhibitors of calcium phosphate'through solution mechanism," the species present in precipitation. It is thus possible thatsolution may exhibit a strong effect on both kinetics and phosphocitrate may be used as an la vivomorphology. Effects of common ions and biologically inhibitor of calcification processes, such asimportant inorganic ions, such as sodium, potassium and tartar formation. This compound has been foundmagnesium, will be discussed, to inhibit the crystal growth of hydroxyapatite
(HAP), the primary constituent of enamel. AR2.3 detailed understanding of the various effects of

THE NUCLEATION AND GROWTH OF CALCIUM PHOSPHATE phosphocitrate and citrate, its hydrolysisON SEPARATED SALIVARY PROTEIN FILMS. A.A. product, on HAP may provide valuable informationCampbell and G.H. Nancollas, University at regarding mechanisms for the retardation of
Buffalo, Buffalo, New York. tartar formation.

In this study, the affinities of citrate andThe ability of proteins, when immobilized phosphocitrate, as well as a mixture of bothas films, to induce the formation of calcium compounds, toward HAP were investigated byphosphate mineral phases is of considerable equilibration adsorption experiments. Theinterest. The Constant Composition (CC) method effects of both compounds on the crystal growthhas been combined with a flow-through cell in properties of HAP were investigated using theorder to investigate the nucleation and growth Constant Composition (CC) method, which enablesof calcium phosphate phases on immobilized films precise kinetic data to be determined at constantof bacteria, bacteria/saliva, and separated solution parameters. In these experiments knownsalivary proteins. These additives, although amounts of each compound were adsorbed to the HAPbehaving as effective inhibitors when present in seed surfaces prior to mineralization.solution, nucleate calcium phosphate phases when Phosphocitrate, which exhibited a higher affinitydeposited as layers an either glass or germanium toward HAP than did citrate, also showed greater

surfaces. The morphologies of these deposits inhibitory effects when present on the HAP
show differences depending on the nature of the surface. The effects of both compounds on thefilms. The Cnnstant Composition method enables flocculation of HAP crystallites was studied bydetection of mineral deposition rates with a following the particle size distribution duringprecision impossible to achieve using the adsorption process. Supported by NIH grant
conventional crystal growth kinetics methods. SDE03223.
Supported by NIDR #07585 and NIH #DE03223. R2.6
R2.4 THE MICROSTRUCTURES AND FORMATION OF BIOMINERA-
THE INFLUENCE OF SALIVARY PROTEINS ON THE GROWTH, LIZED BIVALVIA SHELLS. L.J. Huang and H-D. Li,

AGGREGATION AND SURFACE PROPERTIES OF Department of Materials Science and Engineering,
HYDROXYAPATITE PARTICLES. Tsinghua University, Beijing, 100084, China.

M.Johnsson. C.Richardson, G.H.Nancollas.
Chemistry Dept. SUNY at Buffalo N.Y.14214. USA. The paper presents the detailed study of the

structural features of the biomineralized bival-
The binding of salivary proteins to human via shells and a brief discussion of the growthenamel maybe an important factor in the mechansim of the different shell layers through

protection against demineralization or excessive a cell-controlled deposition process.
mineralization. The adsorption at hydroxyapatite
(HAP) surfaces, of purified statherin, three The Cristaria Plicata(Leach), Anodonta Woodiana(cystatins and amylase has been investigated in Lea) and Lamprotula Leai(Grai) are selected assaturated solutions of HAP. The influence of the prototypies in the present study. X-ray dif-these proteins on the aggregation of HAP fraction, Raman spectroscope, optical microscope,particles and the constant composition (CC) ESCA, SEM and TEM are employed to study the stru-
crystal growth rate of HAP in saturated solution ctures of the shells. It is found that the perio-
has also been studied. stracum, prismatic and pearl layer possesses qui-Statherin and one cystatin showed strong te different crystalline phases, respectively andadsorption to HAP while amylase had a weaker each layer has more than one co-existed phases.affinity. The adsorption of the proteins The structure of the pearl layer is the most sim-influenced both the aggregation of the particles ple one and of a strong crystalline orientation.and the rate of mineralization of HAP The prismatic layer can be further divided into

two separate layers with a mismatch of two kinds
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of prisms at the interface. Raman spectroscopy fine organic grain boundary phase. Scanning Electron Microscopy
and ESCA analyses show that the biological mole- is used to show that the microstructure consists of hierarchical
culars play a nontrivial role in forming the arrays of lanellae, typical of the crossed-lamellar microstructure.
shells. Examination of the finest units using Transmission Electron Mi-

croscopy reveals repeated twinning on the (110) plane. These twins
TEM study of the different parts of the mantle have an average width of 5 nm with planar boundaries parallel to
cells revealed that the microstructures of the the twin plane. The atomic structure of these boundaries revealed
cells and their functions in the orientation de- using diffraction contrast and HREM suggests that they arise as
position of the crystalline phases. The fracture a result of growth geometry rather than by any deformation twin-
behaviors of the shells are also presented and ning mechanism. These features and other defects in the laths are
characterized with the fractal approach. used to deduce possible growth mechanisms.

R2.7 R2 .10

THE BERNAL SPIRAL AS A MOPEL FOR THE STRUCTURE - THE MICROINDENTATION BEHAVIOR OF SEVERAL MOL-
OF SOME BIOLOGICAL SYSTEMS , Ga6tavo Vdzquez Po- LUSK SHELLS, V.J. Laraia, Jr. and A.H. Heuer, Department of
to and Mi tuet Jo acaN n, Inat.tuto de Fi6ica. Materials Science and Engineering, Case Western Reserve Univer-
Apdo. Po6tat 20364, UNA5. sity, Cleveland, OH 44106.

It wa6 pointed out by Boe.dLjk that a 6pikat --- Biological hard tissues are ceramic-polymer composites that
6tkuctu4e can be geneated by an a4ray o tetra- employ a variety of microstructural designs, and possess extraor-
hed4a. Thin 6tuctue wa6 popularized by Beknat. dinary mechanical properties. For example, mollusk shell, which
It .6 6hown that by the 6,aecuent 94owth o dij- usually contains avery large fraction of the ceramic phase (CaC0 3 ),
6e.Lent tettaked4a 6 ata 6t&uctue. 6o'med by de- can have greater strength and toughness than many conventional
cahed4a and ico6ahe.da can by pAoduced. Thee. - ceramic materials. However, incompatibility between standard test
6t4uctutea wee. tetmed decagonat and ico6ahedkat specimen geometries and typical shell morphologies can cause dif-
6piAat ke.6pectivety. The diid6action patten -- ficulties in evaluating the mechanical behavior of these materials.
6&om tho6e 6tu.ctuke.6 wad catcutated and it wad- These difficulties may be compounded by the fine scale and highly
6hown the j.ve 6otd 6imet~ty and intindic incon- ordered (anisotropic) nature of the microstructures. Microinden-
men6utabitity o the patteknd. It i6 6ugge.8ted- tation techniques provide information regarding bulk mechanical
that many 6t&uctute6 in the Botanic wo'ttd and -- properties, such as hardness. Tests of this kind can also evaluate
6 ome. vitu6 6tkuctute6 can be. modetted by the de- the mechanisms of deformation and fracture in a locallized manner
cagonat and .Co6ahedtat 6pitat6. The icodahe.dkat and permit a direct assessment of anisotropy in mechanical be-
6pirat appea44 a ike.ty modet to e.xptain the --- havior. The results of Vickers and Knoop microindentation exper-
6ttuctute o6 60om metattc 9ta66e6 and oj qua6i- iments are reported for shells exhibiting four distinct microstruc-
city6tata aptoximant6. tural types: nacreous, crossed-lamellar, prismatic and foliated. The

microstructural features are shown to play a crucial role in de-
R2.8 termining the morphology and extent of the damage zones about
MECIIANICAI. PROPERTY-MICROSTRUCTURAL RELA- an indentation. Examples of delamination-induced lateral crack-

ing, radial cracking along weak boundaries, and room temperature
TIONSIIIPS IN ABALONE SIIELL. Mehmet Sarikaya, Katie creep are discussed.
Gunnison, and ilhan A. Aksay, Dept. of Materials Science and En- .1

gineering, University of Washington, Seattle, WA 98195. M SYNTHESIS UTILIZING BIOLOGICAl PROCESSES.

Both the fracture toughness and strength properties of the species George M. hitesides, Department of Chemistry, Harvard
lIaliotis refuscens (red abalone) shell in the nacre section display a University, Cambridge, MA 02139

unique combination of properties (KIc, three-point-bend, of - 10 This talk will summarize some of the methods of
MPa-m /2 , and fracture strength, four-point bend, of -200 MPa). biological synthesis of materials, including enzymology,
These properties are related to the layered microstructure of the shell fermentation and isolation from natural sources.

The techniques of recombinant DNA technology offer, inwhich is composed or CaCO3 (95 v/o) and organic matter (5 v/o) in principle, a range of new approaches to biological
the "brick-and-mortar" configuration. Several toughening and processing and to biologically-derived materials. The
strengthening mechanisms take part in the property increase which question of immediate current concern is: "What materials

for what applications?" Some of the intrinsic properties
are related to the microarchitecture of this natural ceramic/polymer of biologically derived materials will be discussed as
composite. The consequences of these results in the design and background for answers to this question.

processing of synthetic components will be discussed. R3.2
THE USE OF PROTEINS IN THE SYNTHESIS OF POLYMERS AND

Supported by AFOSR Grant No. AFOSR-88-0135. THE MODIFICATION OF SILICON SURFACES Lynn Oehler, Chris
Hobbs. Mark Mastandrea and Mar hafskii Depanment of Chemistry and

R2.9 The Center for Advanced Materials. Lawrence Berkeley Laboratores University of

AN ELECTRON MICROSCOPY STUDY ON TIlE MICRO- Califoria. Berkeley 94720
STRUCTURE OF THE STROMBUS GIGAS SHELL. . Proteins area potentially valuable class of catalysts to synthesize polymers and new
Laraia, Jr., M. Aindow and A.H. Heuer, Department of Materials materials. weare engaged in a rogram to use enzymatc methods of polymeriation and
Science and Engineering, Case Western Reserve University, Cleve- surace modificauon t0 prepare new polymeric mateals frm unnatural monomers. This
land, OH 44106. methodology combines the power of chemical synthesis with the stereoselectivity of

enzymatic polyn s htion reactions. This paper will focus on the progress we have made
Numerous organism exhibit the ability to manufacture strut- in the areas outlined below.

tural ceramic-polymer composites such as bone or shell. These bi- g )enhoschoryl-esucsye of fluoal, and uls plcw:
ological hard tissues are of considerable materials interest as they glyen phory~ase sucrosephosphorylse and lysozyte:
are fabricated from physiologically abundant precursors at near
ambient conditions. In this light, it is important to understand
the mechanisms by which these tissues are formed in order that o c .. 1., v..o 0.,, .0 0
biological mineralisation processes may be utilized or imitated in j0.e.f 1SJ
the manufacture of structural ceramic composites. X..ohU

An electron microscopy study is presented of the shell from a e
tite saltwater mollusk Strombus pigaa. This material is composed 2) The chemical and enzytaic modification of semiconductor matrias and oler
mostlv of aragonite, the orthorhombic polymorph of CaCOa, with a polymers, and the use of these materials to study the inmerfacial prpeties associated with

the binding of bacteria and viruses:

802



-~ Analysis of the progress of these polycondlensations by high field NMR, VPC.
tttts..iuu - and GPC, while they are under way, suggests the AA + BB cases may

An addition polymerization mechanism, in which the starting monomer is

bbgw tbwpresent throughout the polycondensation. is suggested for the A-B case.
3) The future design of proteins to synthesize carbon poymers The effect of monomer structure, various reaction conditions, and the

prou x apparent mechanisms, on the rate, degree of poly'mrization, regioselectivity,
.!!!8 .y (, and stereoselectivity, of the polymerizatlions will be discussed.

R3.*6 ABSTRACT NOT AVAILABLE

C.ra.. pY~Ner R3.7
XNZYMES AS AIDS IN POLYMER SYNTHESIS. G. Sudesh

R3.3 Kumar, Alchemie Research Centre, P. 0. Box 155,
POLYMER SYNTHESIS BY FREE RADICAL ENZYME COUPLINC Thane - 400 601, INDIA.
REACTIONS IN SOLVENTS. J. A. Akkara, K. Senecal, and
D. L. Kaplan, US Army Natick RD&E Center, Natick, MA Polymer synthesis involving biocatalytic steps
01760-5020. is an attractive route to chiral polymers,

stereoregular polymers etc. Currently evolving
Polymers were synthesized from phenolic and aromatic amine non-aqueous enzyme chemistry is a valuable
compounds in the presence of hydrogen peroxide. These tool in macronolecular design.
reactions were catalyzed by horse-radish peroxidase in
organic solvents with small amounts of water at room Our work represents a novel enzym-assisted
temperature. Conditions for the synthesis of polymers with synthesis of chiral polymers involving oxime
respect to reaction time and yield were studied with a acrylates as efficient irreversible acyl
number of monomers at different concentrations and solvents transfer agents and offers a novel biocatelytic
with different buffers over a PHt range of 5.6 to 7.5. intermediacy in macrcenoleclular design.
Polymers were prepared from para phenylphenol, I-, and
2-naphthols, 1,3- and 1,5-naphthalene dials, aniline, We report procine pancreatic lipase as an
benzidine, 8-hydroxyluivioline and isoquinoline either effective biornatalytic aid in the design and
alone or in combinations. Physico-chemical properties of synthesis of alkyd resins from vegetable oils.
these enzymatically synthesized polymers were determined The 1,3 specificity of lipases produces 2-
with respect to their melting point, solubility, electrical monoglycerides resulting in uniform molecular
conductivity, elemental analysis, viscosity, molecular order of the polymer.
weight distributions, infrared absorption (including FTIR),
thermal gravimetric analysis and differential scanning R3. 8
calorimetry. These enzyme catalyzed reactions producedEnyaisntesofcrl coe ndpyses
polymers of molecular weight greater than 500,000 without nmacsntes01hrlletn ndpyser
copolymerizing agents such as formaldehyde. Moreover Artts L. outman
these coupling reactions were carried out under mild 9ate oChmsr
conditions of pHt and temperature. In general the polymers Depnn- amenstt e of Chemistry
synthesized have low solubility, high melting points and Half& 32000, Israel
some degree of cross linking. These properties were
further evaluated after chemical modifications of the
polymers. tt is now welt established that hydrolytic enzymes can tunclion in

anhydrOusl oGmanic Solvents, where they Catstyse Oster synthesis and
easter exchange rather than hydrolysis.

R3.4 ABSTRACT NOT AVAILABLE
We have fouind that upses suspended in organic sohvents r
catalytically activ towards eaters ot hydrosyziods and promhote both

R3 .5 the intrsa nd the intermolecular trenestenticetion reacltions. leading
to factoris and potymers respectiely. The otcome dependied on the

BIOCATALYIC SYNTHESIS OF POLYESTERS BY ENZYME-CATALYZED chaln-length end degree of subtitutioi of the subtrte. it a five-
TRANSESTERIFICATION IN ORGANIC MEDIA. Cary 1. Mortow, 3. Shitld memobered laWctould fe formed. th4 was the exclusive product A
Wallace. Gregory M. Bybee. Kristin B. Reds, and Mark E. Williams, Depart- es-memred ltatose was tarmed only it suastautoo in the's position.
merit of Chemistry, University of New Mexico, Albuquerque, NM 87131 With $arle (ndc) or longer (A4)1 c1asl-length hydronyeatere we

observed forntion at lonear polymers. Ussing Oni approach we have
prepared several polyesters, which in some caes. contalnedi'more than

Transesterification polymerization of bis(2,2,2-trichloroethyl) or bis(2,2,2- t00 monomrer units (M W.;.O1O.0)
trifluoroethyl) alkonediontes, 1, with alkanediols, 2. can been effected at
ambient temperature in organic solvents (e. g., ether, THF, hexane/0
methylene chloride) using porcine pancreatic lipase (PPL) as the catalyst. C
Molecular weights of the resulting IAA + BB] 1, polyesters approach 16,000 and C

polydispersities are usually narrow. (CO
04-R

CX3 CH2OC(OXCH 2 )5 C(O)OCH 2CX 3  HOCH 2-Z-CH 2 OH <~4) ..aa0
X- F, Cl n3,4 Z -(CH 2 )2 , (CH 2 )4 , IC-C6H1 0  04

Using racemnic bis(2,2,2-trichloroethvI) trans-3,4-epoxyhessnedioate, 3 as the
diester montomer and 1.4-butanediol. 2, Z - (Cl- 2)2 as the diol monomer
leads loaon optically active polymer having an average degree of polymieriza-
lion of 23 repeat units and a stereotchemical purity estimated to be 2t% Our study shews that under these conditiona the enzymes exhibit both
cjCHoCjo)GC n3 CX CH OC(OX(CH2)nOH saieetitlfed proehiral selectiity and It provides a novel

32Z ,{~ &.3 -1 2 SynthiebO routs Is chiral factories and polmert. These reactions are not
-- ~~ X -F, L n -2,4,5,9, 11 poaSete In equeoua Moueon wherne hydrolyaia dominates

H 3 CHQCO)OC- 2CC 3  4

The method has been extended to preparation of A-8 oligomners and Pol *ymers
using trichlomothyl and trifluoroethyl w-hydroxyalkanoete monomers, 4.
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R4. 1 statistical nature of polymerization processes. As a result, the polymers

SITE-DIRECTED MUTAGENESIS FOR THE currently in use are not pure materials, but instead are mixtures char-

DESIGN OF ENZYMES FOR MATERIALS acterized by distributions of the important structural variables (molecular

SYNTHESIS. Jack F. Kirsch and Mark Alper. weight, composition, sequence and stereochemistry). The preparation of
CeNTE foAdvace. d MaterialsLwrence erkey pure polymeric materials, and the use of polymers in applications that
Center for Advanced Materials, Lawrence Berkeley require precise structural control, can be realized only through the intro-
Laboratory and Department of Biochemistry, duction of new synthetic methods. With this in mind, we have begun to
University of California at Berkeley, Berkeley, CA develop molecular biological approaches to the preparation of new poly-

94720 meric materials. The fidelity of protein biosynthesis, coupled with recent
advances in the synthesis, cloning and expression of genes, offers the
prospect of a new synthetic technique of unprecedented precision and

Enzymes produced by living organisms have been remarkable scope. This lecture will describe the design, synthesis and
designed by evolution to perform under expression of several new families of genes that encode amino acid

physiological conditions. The demands of this copolymers of some potential interest in materials science.

environment are very different from those that R4. 5
would allow for synthesis of useful materials. SYNTHESIS OF A COLLAGEN ANALOG IN ESUR&CHIA QUL USING
Enzymes that would be useful in materials synthesis RECOMBINANT DNA TECHNOLOGY. In Goldobar and Anthony J.
must bind substrates that are likely to be quite Salerno, Allied-Signal Inc., Norristown, NJ.

different from cellular metabolites. Thus their Recombinant DNA techniques offer a rapid method for
active sites must be altered. Further, enzymes that obtaining large quantities of structural proteins such as

collagen. Poly(Gly-X-Y) can in principle be prepared by
wouldbeusefinmaterials synthesis must have expressing an Internally repetitive synthetic gone in a
enhanced stability, including resistance to higher suitable microbial host. Such proteins, however, tend to be
temperatures. This talk will summarize some unstable due to the action of host proteases which

recognize foreign polypeptides. In addition, highlyrecent results using site-directed mutagenesis to repetitive nucleotide sequences can undergo deletions at
make predetermined changes in the amino acid high frequency in L. £1U.
sequence of enzymes to alter their s e We constructed a family of synthetic genes coding for
specificity and to enhance their thermal stability. poly(Gly-Pro-Pro) which differ only In the number of

R4 2repeating gone segments coding for the tripetide unit. The
Rnt xIlevels of synthetic gene expression obtained show

SITE-SPECIFIC HUTAGENESIS WITH UNNATURAL AMINO ACIDS. that the above polypeptide can be synthesized in E. gL
Spencer 1. Anthonv-Cahill; Christopher J. Noren; Michael but is labile compared to other cellular proteins. This
C. Griffith; Daniel J. Suich; Stephanie A. Robertson; degradation can be significantly reduced by the genetic
Wenchuan Liang; and Peter G. Schultz, Center for Advanced inhibition of a bacterial protease system.
Materials, Lawrence Berkeley Laboratory and Chemistry Dept.,
University of California, Berkeley, CA, 94720. The synthetic collagen analog gene was observed to be

highly unstable in £. g.Li, deleting at 9-base-pair
Recently a new method was described that extends the intervals which correspond to one Gly-Pro-Pro unit.
technique of oligonucleotide-directed mutagenesis by Experiments are currently in progress to analyze the
allowing for site-specific incorporation of unnatural amino various factors which may contribute to this genetic
acids into proteins. A chemically acylated suppressor tRNA instability. Elucidating the processes which control the
inserts the desired unnatural amino acid into the growing stability of synthetic genes and their corresponding
peptide chain in response to an amber (UAG) stop message proteins is essential for the future commercial production
which can be generated at the codon in the gene corresponUlg of novel biomaterials in microorganisms.
to the amino acid residue of interest. Using this
methodology we were able to substitute phenylalanine 66 in
RTEM B-lactamase with three phenylalanine analogs (Science, BIOLOGICAL PRODUCTION OF UNIFORM POLYPEPTIDES
1989, 244, 182). These results as well as recent attempts FOR OPTICAL APPLICATIONS. Carl W. Lawton, and
to optimize the methodology will be discussed. Herbert E. Klei, Department of Chemical

Engineering; Linda D. Strausbaugh, Department of
R4.3 Molecular and Cell Biology, University of
MODIFICATION OF PROTEASES FOR PEPTIDE SYNTHESIS. Jeffrey A. Connecticut, Storra, CT; Robert Crane, Materials

Bibbs, Ziyang Zhong; and Chi-Huey Wong, Center for Advanced Science Group, Wright Patterson Air Force Base,

Materials, Lawrence Berkeley Laboratory, Berkeley, CA 94720 Dayton, OH.

and Department of Chemistry, Texas A&M University, College Recent advances in recombinant DNA technology
Station, Texas have created the potential for engineering of

Serine proteases are modified via active-site mutation to protein molecules to specific uses beyond those

possessuseful catalytic properties for polymerization of normally considered for biomaterials. This

of peptid segments. research project has demonstrated the
amino acid esters and for condensation etane sents, feasibility of producing polypeptides useful for
Several helical segments ha~e been designed and sythesiaed laser filters and nonlinear optical
for use as substrates for enzymatt.€'polymerization, applications.

R4 .4 SSynthetic genes, ranging in size from 36 to 2000

GENETICALLY CONTROLLE SYNTHESES OF NEW POLYMERIC base pairs, have been constructed from
MATERIALS. Mawlle J. Fomier and Thomas L. Mason, Department oligonucleotides using a restriction doubling
BiochEmIASt aKein . Mcurathr and Thmas.Man, Department of, technique. The synthetic genes have been
Biochemistry, and Kevin P. Mcrth and D . , Department of inserted into a Protein A fusion expression
Polymer Science and Engineering. University of Massachusetts. Amherst. system. Fused polypeptides from induced cells
MA 01003. have been purified by affinity chromatography

(IGG), cleaved with cyanogen bromide, and
Chemical methods of polymer synthesis are inherently limited by the analyzed for sequence fidelity.
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R4 .7 ABSTRACT NOT AVAILABLE netlsfllisproductio de vipruci lbrwdiscmpofdacin
digfnd Mui atu ask 5having a uiueembisutia. o(pvogrm Ofofuegth.

R4 .8 X01110311 OWc lus0110, which cannat be matched by oevendmi umede fibes

ELASOMERC POYPETIDE810M TERILS:P03ductiOnl Of naturalst fi ro thesema10h1 lava 11owev. is limit both in
ELASTOMERICt aidPPTD B MAE AL:uquaitzy byggrapuialc olal od oter bis.e As a seaak. the

Dan W. "=y Laboratory of Molecular Biophysics. ~,,o mmlsl slmtdndp rlg.The atj aefouwork as
School of Medicinte, University of Alabama at Birmingham, tfltiwpdcmfi4etumI9l adniptmsrbi
Birmingham. Alabamna. of the silk filme produced by die tWie of die 1-d-mor mot. and silk

PrOd-cedbyvaiosnaidlees Wea~ldmyisdnpatsgntyofsilk.pke
Incrssingly the term biomatertals has the added meaning of pvftm With senar Physical properties to thon e d a sme.
materials from biology. Two aspects of this sense of
blomtealials; are: 1) as this symposium features, materials Initially, a synthetic Pn coding for the amino acid sequence
made by biological (enzymat) means, and 2) as prevented In (GGGGAGGGG)Y a osrutdt w o h lc f5
this report. biptlogical po lids materials which may be Amewsjwich comrie th mi cry.Thsnerpi
made eiter by chemica Or biological mean. Poly (Val-Pro- with DNA to represent dhe amnorphous region of the silk proii
Gly.Val-Gily) is a prominent member of this new clasts called
etastonrc polypeptide biomnateulels, which have both medical Mmyd ip wu33kb lasizeaid oned.LcoliL Asilk lie poseinwa
and Industrisi ippllcationa. Interestirig potential Industrial exosml h ikhs o xrm.dmle ad rirne; zv
applications are due to their capacity to function as
chernomechanical transducers. This property is due to R5. 1
hydration mediated apolor-polar interaction free energies BIO POLY MERIZ ATION AND BIOCRYSTALLIZATLON EVENTS
which provide for an efficient interconversIon of chemical LEADING To THE ASSEMBLY OF A CELLULOSE
worka and mechanical work and which provides fundamental MICROFIBRIL. R. Malcolm Brown, Jr., Department of
driving lorces for protein Blding and assembly. The potentialBoayThUnvriyfTesatAtnutnexs712
medical applications; arlse out of adjustable compliance. tissueBoayThUnvriyfTxaatAtn, usneas712
compatibility, biodegradability with non-toxic products, ese Until recently, very little was known of the steps leading to
of introduction of chemotaciic and cell attachment popte for the biopolymerization of glucose units to form the B 1,4-linked
directed tsUe response. These properties alliow considerations glucan chain, the backbone of cellulose, nature's most abundant
of temporary scaffoldings for reformstion of natural artery. macromolecule and structural material. In addition, almost
ligament, akin, etc. Thene blomatenials; can be designed to nothing was known about the subsequent crystallization events
elicit desired tissue responses. leading to the assembly of the cellulose microfibril. Now,
R4. polymerization as been accomplished in vitro using a cell free

enzyme system, Interestingly, the in vitro synthesized glucan
THE GENEniC PRODUCTION OF SYNTHETIC CRYSTALLUNE chains crystallize to form the cellulose I altomorph. In vivo
PROTEIN POLYMERS. joehC~l Magda Marquetl and Franco synthesis usuaually yields the less thermodynamically metastable
Ferrari; Protein Polymer Technologies, Inc.. 10655 Sorrento Vly. Rd., cellulose I allomorph; however, some living organisms such as
San Diego. CA. 92121. the bacterium, Sarcina and the marine alga, Halicystis,

synthesize cellulose 11 in vivo.
Genetic and protein engineering are components of a new polymer The site of cellulose miucrofibril assembly is known as the
chemistry which provide the tools for producing marmleula terminal complex (=TC) which was first elucidated using freeze
polyamide copolymers of diversity and precision tfor beyond the current etch/electron microscopy. TC's are associated with the cell
capabIiie of synthetic polymer chemistry. The genetic machinery membrane and often form elaborate geometrical assemblies of
allows molecular control of chemical and physical chain properties, subunits which may control the crystalline allomorph, size and
Nature has utilized this control to formulate protein pOM Into fibers shape of the TIcrotibril, degree of polymerization, etc.
with extraordinary mechanical properties such as the strength and
toughness of silk and the elasticity and resilieince of mammalian eastin. This presentation will demonstrate the interesting relationship
The protein claims which make uip Ow fibers counss of extenive between the macrostructure of the enzyme complex and
repeain oligopeptike sequeonce. By producing synthetcall designed structure of its cellulosic product, the miucrofibril. From a
Protein chain containing many tandemn repeats of onl one repietve structural point of view, this process is one of nature's most
seiquence block (homoboolu polymesrs), we are able to evaluate the precise, genetically regulated bioprocesses, having existed since

the early evoution of life on earth and diversified throughout
inherent contribution of each repeat to the Overall mterial properties, the eons of time to be found among prokaryotic cells, plant
Using biotechinology, we have produced homoblocc Protein polymers cells, protists, animals, and possibly humans.
consisting exclusively of sflk-lko crystaine blocks in quantities
sufficient for material evaluatio studies (10 to 100 gramts). Silk-like R5.*2
homoblock polymers, as produced by microbial feetatiaon, exhMh
measurabi crystafnity both In solution and In solid state. The chi Developments in mtodern biotechnology make stereo-
properties; of the homoblocc polymer can be changed by adding blocks of and chiral-specific production of macromolecules
amino acids designed to contribute different stuctura properties. We with highly complex Structures potentially possible.

hav poduedafeirialin cpoyrnn;of arios aouts f il-lie nd hus, functional polymers can now be produced
hav prdued ltrnain coolmer ofvsi~u aosrtsof li~li ~ precisely according to design. Biological

ehlas-Nke blocks ranging from a ratio of 1:4 to 2:1, respectively. The macromolecules and systems unique for the specific
crystainity of each copollyner varies with the extent of crystalline and intricately controlled functions, provide
block Interruption. The abit to specicey engiee the mechanical working meodels for the description and analysis of
pMroprte Of A MWbe materiel is a potential outcme of this technology. specific functions. The structure-property-functlon
R4. 10 relationship becomes the critical, fundamental basis

for the rational design of functional btopolyaers.TiW PMESStON fPSILK LIKR PROTM4 BYU.~Ll VASYNTHETIC The structure-property-function relationship, the
GIH5~UB~i~'l.lehhsVAthly.P~ms~se-Taboocp.characterization, analysis and prediction of

Cigis Labryulboos. as R aSO508 P K physical properties involved in molecular design are
examined with the examples of flocculants (1ooglan),Sikis apmnEu&rero mby siawhlnpSimsI Mny by the dewatering agents (citoian), spacefilling agents

lW~uasdth.uwdhadUhsAbUpot Th1heliUmii (lcan particles) and high-performance lubricants
aaIm)"W on ecompnens Of lds IN odyanduumdss thus (hy~aluronlc acid).

isahsbmofabtmeefikwhlcbksehuamoe ThsLalk bee
conist of two t em. of do pomi fi wicsC - w orni 51ud Tile Design avid itn~1naorinS of Biopolymer
uphwby mepamo~ii ac.Tu ahmee aeLae
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R5.* 3 well understood. The co-crystallization of the butyrate and

CHARACTRIZATION OF CHITOSAN BIOSYNTHETIC ENZYMES IN valerate units is responsible for the observed isodimorphism in
this series. it has the effect of allowing high crystallinity at all

MUCOR ROUXII. Stephen J. Lombardi, Steven Arcidiacono, compositions for the PHBIN family. However, the crystals have
and David 1. Kaplan. US Army Natick Rtesearch. Development conformational disorder which contributes favourably to the
and Engineering Center, Nat ick, MA 01760.5020 toughness characteristic of the copolymers.

The enzymatic processes regulating the biosynthesis and The PHA family can be charted in terms of solid state
deacetylation of chiti play a key role in the fundamental characteristics by using the average sidechain length as the
mechanism of growth, differentiation, nutrition in select variable. In this situation: To. Tm., and crysalline fIber repeat
fungal species. The chitin deacetyLase of the dimorphic show smooth variation in their values asa function of sidechain
fungus, Mucor rouxii vas purified 70.5-fold by aggsonium length. The crystallinity of the available materials is much less
sulfate precpita.tion, ion-exchange chromatography, and than for the PI4BN series and the basic thermoplastic character
prepartative polyacrylamide gel electrophoresis. The changes to thermal elastomeric for average sidechain length
specific deacetylase activity was 94.7 nmol of acetyl beyond C3 or Ca. The reason for this new physical characteristic
groups (CM COO-) released from the acetylated substrate of the material is not yet clear. All our samples are terpolymers
glycol chi in per minute per milligram of protein. The which leads to crystallization difficulties.
deacetylase activity showed a pH optimum of 4.5 and varied NMR relaxation characteristics of the sidechan and backbone
markedly with the buffer amployeg. Colum purified carbon atoms of solid samples has been studied over a range of
protein showed a Km of 2.4 x 10- N to the soluble temperatures well above the Tg of the samples. There is much
substrate glycol chitin. The column purified protein oreater motional freedom in the sidechain than in the helical
revealed a single polypeptide on polyacrylamide gel 9ackbone which can be thought of as a reinforcing molecular
electrophoresis with an apparent molecular weight of fiber in amatrix of mobile hydrocarbon.
15,000 daltons. The chitin deacetylas activity of M~o

roxiwas independent of any bivalent metal ion (Hg-~r R5. 6
Mn)requirement for enzymatic activity. The enzyme n*~u azAun~iruAPIAINO

act ivity was stable on storate at -20 C from 1-3 months paOg'jcr To XTMurxC KICK0CAPSWAIaNo. AIlison C. RicaeFiOht. Kathryn A.

and continued to demonstrate catlytic properties. Chitin Duaekh. Jobs oohe~r* A J. Kerbert Wait**. 0eper~sut Of 1.r41& gil"trY

synthetase, another key enzyme involved in the synthesis end Goms*e. Department of Keditel tthloy. Texsa A 4 K University. College

of chitosan is currently being characterized in similar Stto7540 n59lgeo5aim5.~s* nvrst fDeaae

fashion. In order to clarify the biosynthetic process
for chitosan formation by chitin deacetylas/synthetase Lg&4sh&4 eggshell production has bistorically been attributed ccoa

it is necessary to describe accurately conditions and qunmtma process which involves crosa-linkine of proteins containing

factors influencing chiotsan formation in vitro. cetecholic greups. ge hae demostated the presence of dihydroiryphenyL&Lsnite*
(bObs) residues in the eggheles end to the peptide Sequence of eueahell

R5. 4 precursor proteins; severa DOPA eoeceinine protein precursor@ of the shell hae"
been purified and characterized. The major protein components are rich in Slycine

Metabolic eingineering via recombinant DNA amd DOPA residues end aamose three* usir groups at 70 h~e. 31 h~e and 1b ka in

provides an Opportunity not only for the production site . The 31 k otein th mjrpoei opnetb egh nte hl.

of' rimaymeaboltesand ntiboti~ buthasCooe" amewing the 31 W~e protein hae bean isolated end sequencd revealinga

significant potential for manipulating the family Of relaeod transcripts encmdin$ proteins with similar anne mcd
biosynthasis of COMPlex carbohydrate and polyester compsition moslecular weights. The ea-ooicioa of each *Mt closely reflects

bioplymrs.Polyg)-ydrxybtyrae (HB) th tha 68ernvedthrough mines sold analysis of the purified protein; poptides

bloplyltrl. PolyB).~dro~buyrat (P48),thederived from tryptie peptide sequence aro present in each of the c1WAe
polymeric ester of the C, monomer (D4Inveetigated. Troeeripts encoding the 31 kDe protein have been localized

hydroxybutyrate, is an energy reserve Material easlusively to the vitolline "Ils which are dedioatod to shell preoction.

a Nicrehecereeaty observed in protein profiles of the purified 31 hWe Protein

produced by a wide range of bacteria when grown appears mae to the expression of up to six similar but nonidentieal gems in the

under conditions of nutrient limitation. This family rather than to posenelacisnel sodificatiens. The 170* protein bee also

polymer is particularly interesting in that it has bee puife an hrae eelih ngti ceopetin polyer protani ne onlyit

the unique property of being a biodegradable microhetoe rniy in1dicating a probable goe family,

thermoplastic material. Recent reports demonstrate A detaile 801100 Of the .ieroenepoulation process developed by the wote for

that PHB is only one member of the family Of thellproduemstability and ing vith the oal of .laso mns teapoess wouldsbe
polyhydroxyalkanoatt (PHIA) biooyer whc ife dwsacgose for eom epplcatiens. scocehin~fet 31 bOA end 17 h~e proteins ae

due to the incorporation of alternate subunits, being or"""se in L..s) for emsymetic oxidation en" areelinin in vitrocuing

et.,CSC. C., etc. These features make this setecel exides pzfedaed by the were "s well as asemorcially available eonymes.
e~g., ' .,,Thea. preaesse are being developed with the Iog teen goal of producing improved

system oarticu1 anry interesting for the emerging ionoepouiee fro eggshll protein precursors.

field of biopolymer engineering. In A1L&caLcnes
M~X1rgWu HIG the three enzymes of the PH8 R5. 7
biosynthetic pathway, P143 polymerase, B-katothiclase
and acetoacetyl -CoA reductase are encoded by the CHARACTERIZATION AND STRUCTURE OF MUSSEL
2nhC-fllkAM9b genes. The application of these ADHESIVE PROTEINS. Richard A. Laursen, Jung-Jung Ou.
geries- for Studying the enzymology of the pathway and Xiao-Tong Shen and Michael J. Connors. Department of
manipulating PHiA biosynthesis will be discussed. Chemistry, Boston University. Boston MA 02215.

Many marine animals such as mussels and barnacles aec able to

Title' R.ecent Studies on the blosynthesis of anchor themselves to surfaces through the use of proteinaceous
pOlyhydToxy&1kfloate* adhesives, which hav,: the unique ability to form strong bonds

in a wet environment. With eventual goal of developing wet-
surface adhesives, we have carried out gene sequencing studies,

R5.5using three species of mussel, in order to learn what
INFLUENCE OF COPOLYMERIC STRUCTURE ON PROPERTIES OF structural characteristics give these proteins their special
POLY-S.-HYDROXYALKANOATES (PHA). R proertes. Two classes of protein are revealed. Both ame
Marchlssail. Clevys Monastelrios and Fred Morin.MAII chrcezdb containing about 20% each of lysine and of
University, Monteal, Quebec Canada toie(rDPA). However, the proteins from Mytilus eduhis

of ~ vaerae cntet o thesold sateandMynluscatlforniamis consist primarily of tandem repeats of
The influence ofvlrt otn ntesldSaevariations of the proline-rich decapeptide sequence,
properties of poly- 0-hyd roxybutyrate (P143) is critical for AJCPSYPPTIC, while the protein from Geukensmn demissa is rich
achieving suitable solid state characteristics of PHSN plastics in plycine and glutarnine and is comprised of 11- and 13-residue
produced by ICl's BIOPOL subsidiary. For the butyate/valerate variants, e.g.. GKPTIYAOYK GQQKQTGYDTGYK and
family of bacterial co-polyesters, the change in To TmK. optical GVKOSGY
rotation, polymorphism. crystallinity and crystaflllziion rateTC3'areY
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We propose that the repeat domains have definite folded R6. I
structures, if not in solution, at least in the condensed (cross- BIOMINERALIZATION: NEW ROUTES TO CRYSTAL
linked) state that gives them their distinctive properties. In ENGINEERING. Stephen Mann, School of Chemistry,
this respect, the mussel proteins may resemble collagen, which University of 15ath, Bath BA2 7AY, UK.
has both secondary structure and adhesive properties.i ae isusstepicia etrso
Supported by agrant from the Office of Naval Research. biomineralization in relation to the controlled
R5.8 crystallization of inorganic materials, and the

modelling of these concepts in vitro. The
CALCIUM MINERAL-PE'rIDE INTERACTONS. .Weelr biological strategies adopted in the regulation
Dept. of Biological Sciences. Clemson University, SC; and C. Steven of nucleation and growth are; (a) the use of
Sikes, Mineralization Center, University of South Alabama, Mobile. constrained reaction environments, (b) the

synthesis of chemically and structurally
Peptides have been synthesized by solid phase methods with sructures specific organic macromolecules, and (c) the
which am in part based on experimentally-determined features of a secretion of tailor-made additives of low and
major class of organic marix phosphoprotcins isolated from the calcium high molecular weight. Underlying these
carbonate shell of the oyster. The matrix structures mimicked in the strategies is the concept of molecular
synthetic peptides included runs of aspartic acid (Asp), which were recognition at interfaces comprising organic
contrasted with peptides having other deployments of Asp with serine and inorganic surfaces. The structural,
(Ser) and glycine (Gly). In addition, peptide-Ser was phosphorylated electrostatic and stereochemical aspects of
(PSer) and the hydrophobic carboxy-terniinus of naural matrix was these interfacial interactions will be
mimicked using polyalanine tails. The interaction of the various described. Furthermore, the development of
peptides with CaCO3 as wellas calcium phosphate was detemined these ideas in synthetic systems involving the
using a variety of crystallization assays and studies of adsorption of crystallization cf CaCO3 under Langmuir
radio-labelled peptides to crystal surfaces. monomolecular films will be presented.

In general, peptides that include runs of Asp regulate crystal nucleation R6.*2
and growth more effectively than those which contain (Asp-X)n or ONTOGENETIC AND PHYLOGENETIC VARIATION OF FORM
(Asp-X-Y)n sequences with X and Y being either Gly or Ser. Further, AND FUNCTION OF THE OCULAR LENS. LQ, &y School of
CaCO3 crystals have a much higher binding capacity for polyAsp than Optometry, University of Waterloo, Waterloo, Ontario, Canada, N2L
for peptides with other deployments of Asp. Phosphorylation increases 301
the regulatory activity and the crystal capacities of Asp/Ser - containing
peptides. PolyAsp peptides having terminal PSes are especially The lens of the vertebrate eye continues to grow and develop
effective as regulators of CaCO3 nucleation and the conversion of throughout life. New growth compresses older tissue toward the center,
amorphous calcium phosphate to apatite. The activity of Asp15  thereby producing a gradient refractive index distribution which has
molecules in CaCO nucleation assays is markedly increased by the important implications in the control of longitudinal spherical
addition of polyalanine tails. aberration.

R5. 9 Lens size and shape varies widely among species; depending on
?T- RA~ RECGITION1 BEWEEN PROTEIN AND CRYSTAL: whether the eye is used in air or underwater, orin nocturnal versus diurnal
RELEVANCE TO BI~tMZALIZAkTICN. L. Addadi, A. Bemn . cnios.Telsofteypalquic eye, for example, is rigid and
mo-de-la n .Wie+ tuha ower and speia in eDutohentrlzion of corneal refractive power

lsabW Dpts. WezmamInsibit ofSciere RK* 't in water, the lens is the only refractive elmn fteaquatic eye.
Israel. Accommodative changes in ocular refractive power are produced by

means of lens motion toward or away from the retina in aquatic forms
In many ineralized tissues, ocs-Ki und~erlyin rocesse and by change in lens shape in terrestrial species. Exaggerated change
are apparent :in which the structured surfae of acidic me in lens shape accompanies diving behavior in certain aquatic birds in
crairolecules or ohr organic mtolecules are involved in order to compensate for the loss of corneal refractive power in water.
regulating mineralizationi via interactions at the interfacxesv leainsi essz n hpeadrfatv ne
with the forming crystals. Acidic glycoroteins extracted Exesv.leain nln ieadsaeadrfatv ne
from mineralized tissues have been shown to selectively in- distribution are associated with the embryological development of the
teract with specific crystal surfaces of cacu diaboy primate and avian eye. Recent results indicate that such changes do not
late crystals, of calcite and of sm organic caliu pos significantly alter lens focal power. This suggests that ocular refractive

Paederivatives. All these crystal surfaces present development is controlled through growth of the globe (sclera and
stridngly sinilar structural patterns. The protein-crys- cre)aoe
tal interactions can tu~as be interpreted using commoni stair- R6 .3
eochanical rules, which qerto be trariferabis from am IRRHCLSRCUEOFTEITRETBA IC
system to another. The varied operation of thone. rules can HEACIA TUTR FTEITRETBA IC
result im different cortrol mechanisms. Thus acidic Pro J.J. Cassidy, A Jittner, and E. Baner, Center for Applied
teins extracted from molluic shells, iwe adsorbed on a Polymer Research and Case Western Reserve Umiversity,
rigid matrix act asruclestore of oriented crystals; of cal- Cleveland, OH.
cite. Similar proteim ectracted from se urchi~n dcleto
art as cotrolled motl~sr of crystal grwt an inlu The hierarchical structure of the collagenous components of
ence material properties, by ben adore atadociudd the intervertebral disc is characterized using optical
into calcite crystals during gxvAh. Thsi mo of aomo microscope techniques. In the annulus fibrosum, the
dation withain the crystal is being abidied usin rjcto thickness of lamellse increases abruptly 2 mm inward from
tron X-ray radiation, the edge of the disc, dividing the annulus into peripheral

and transitional regions. Lamellse in the lateral and
7hste functions of 1uae prtains in bianUalr psterior annulus have a broad distribution of lamellar

mes to I pa emeftially on an sotrate tuin of thicknesses. In alternate lsallse, fibers are inclined with
electrostatic intwacticM. 0mari babmam differei* respect to the vertical axis of the spine in a larup
systes provides information on the J0ndWiiun(j) of biolo- structure. From the edge of the disc inward to the
gical crystal graiUh, and hirib at a gemal sla aty nucleus, this interlaollar angle decreases from 62 to 45
of acm basic soleciala principles. degreoes. Within lamellae, collagen fibers exhibit a planar

crimped morphology. The plane of the waveform is inclined
with respect to the spinal axis by the interlamellar angle.
From the edge of the disc inward, the crimp angle
increases from 20 to 45 degrees and the crimp period
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decreases from 26 to 20 urn. A hierarchical model of the by molecular growth and self ordering process had a
disc is presented that incorporates these morphological similar structure to the native cellulosics such as

flax or lamie fibers. The unit fibrils that construct
gradienta. the fiber have an ultra fine thickness, high strength

and modulus, as well as high heat resistance, which are
Mechanical testing in load-deflection, stress relaxation, and the indispensable physical factors of synthetic fibers
creep modes reveals the response at each level of for the replacement of native asbestos. The growth-
hierarchy to compression. The role water transport plays packing mechanism found in the formation of PPT-A fiber
in determining the mechanical properties of the disc is also was something different from those currently debated
established. These mechanical data are analyzed with for the interpretation of the native process. The oli-
models that reflect the hierarchical composite structure. gomer chains which are scarcely soluble in polar sol-

vent are preoriented by a biospinning or a similar
R6.4 action, and they are laterally supported by a large

BENDING, FOLDING, AND BUCKLING PROCESSES DURING number of solvent bridges that connect between the

BACTERIAL MACROFIBER MORPHOGENESIS. Neil H. polar groups of oligo-chains, by a linear association
Mlendelson. Dept. of Molecular and Cellular Biology, University Or of solvent molecules. Thus, they form the 'gel crystal'

Arizona To Arioecuar and Cellur .Biy, Unepsty of which must be newly defined as a crystalline form which
Arizona. Tucson, Arizona, and Jobn J. Thwaites, Dept. of has a specific structure of three-dimensional molecular
Engineering, Cambridge University network, depending on the angles made by polar groups

in ollgo-chains. The chain growth, the formation of
Bacterial macrofibers are multicellular structures produced by covalent bond between oligomers triggers the collapse

certain culures ofrod-shaped cells when cells do not separate from one of solvent bridges, resulting in the packing of the
another after septation. Chains of cells arise that twist as they grow. grown molecules by a lateral chain movement. The three-
This twisting is thought to reflect either the geometry of assembly of dimensional network structure of the fibrils inserting

micro-cleavages between them is thus constructed by athe cell wall polymers or some aspect of their anisotopic behavior after subdivison of the gel crystal. The classical consept of
insertion into the wall. The degree and direction of twisting is fiber structure, the crystalline and amorphose regions
controlled by genetic and physiological factors such as growth and tie molecular theory must also be evaluated again
temperature and the concentration of certain ions and other compounds with a different view that comes from the molecular
in the growth medium. Twisting is ultimately responsible for a shape growth-packing mechanism.
deformation of the cells into double-strand helical forms. The R6. 7
mechanical basis for shape determination and eventually macrofiber COMPOSITE BIOMOLECULAR/SOLID STATE NANOSTRUCTURES
morphogenesis involves a folding process, the touching of elongating Kenneth Douglas and Noel A. Clark, University of
structures to themselves, blocked rotation, and shape deformation. In Colorado, Boulder, Colorado; and Kenneth J.
normal growth medium, time-lapse films reveal that writhing motions Rothschild, Boston University, Boston, Massachu-
which lead to increased bending result in touching. In media of setts.
increased viscosity, bending is suppressed although elongation and
rotation are unaffected. Folding occurs but now as a result of We demonstrate a process in which two dimensional

buckling. The forces responsible for both processes derive from protein crystals act as patterning elements for
nanometer fabrication. In this process a two

growth and interaction of the cell surface with the growth medium. dimensional crystalline protein monolayer is de-
The helical shape once established is heritable. Whether the shape posited on a smooth substrate, metal coated by
becomes "set" by cross-linking or other modification of the electron beam evaporation and then ion milled.
peptidoglycan remains tobedetermined. Under ion milling this protein-metal heterostruc-

ture exhibits differential metal removal and re-
R6.5 arrangement which varies on a protein molecular

MECHANICAL PROPERTIES OF BACTERIAL FIBERS. length scale. The result of this three-step
John J. 7bylte. DepL ofE Egieelng CambrdgeUniversity. and parallel process is the fabrication of a 1 nm-
Neil H. Mendelson, Department of Molecular and Cellular Biology, thick metal film with 15 nm diameter holes per-
University ofArimoa. Tcson. Arisona iodically arranged on a triangular lattice of

parameter 22 mm. These nanostructures are fab-
Bacterial thad is the nam given to a fibrillar fiber produced from ricated on both thin film and bulk substrates

cell-separation-suppressed mutants of Bacillus subtilis, which grow in and are imaged by transmission electron micro-
long cellular filaments and produce in cultures aggregates that resemble scopy (TEM) and scanning tunneling microscopy
randomly-laid textile webs. Threads are produced by steady (STM) respectively.
withdrawal at the end of a sterile toothpick - for all the world like
Carothers, 50 years ago! Individual filaments are drawn radially into R6.8
the forming thread and adhere strongly to each other with axial DIAMETER OQUANTIZATION IN CYLINDRICAL AGGREGATES OF
alignment. Uniform threads up to 1 meter in length and 180 um in CHLOROPHYLLS. D, University of Missouri,
diameter can be produced. Such threads contain about 50,000 Columbla.MO; T.J. Michalski, M.K. Bowman & J.J. Katz, Argonne
filaments and upwards of 1010 cells. National Laboratory, Argonne, IL

Tests on thread show that peptidoglycan, which is the load-bearing
polymer of the bacterial cell wall, behaves mechanically like other Neutron small-angle scattering measurements of several different
visco-elastic polymers. When dry its behavior is glassy, with high chlorophylls hydrated in deuterated octane-toluene mixtures show
modulus; when wet, it is relatively weak and of low initial modulus. that long, hollow cylinders of aggregated chlorophyll are formed.
Relaxation dam indicate a very wide spectrum of relaxation times. All Clear secondary maxima are present In the scattering and the
the mechanical properties depend strongly on the RH of the test cylinder diameters are well determined, but depend on chlorophyll
environment; they are also influenced by the ionic environment at the type. Our studies of numerous samples and several chlorophyll
time threads are drawn. types provide strong evidence that there are only certain discrete

Available evidence indicates that peptidoglycan is not crystaline. values for the diameters, which are very neatly in the ratio of
Nonetheless there is some degree of orientation in the bacterial cell small Integers. Thus, cylinders of Chia and Schlc are 11 nm in
wall. This is shown by the effect of enzyme attack on mechanical diameter; Schsl and 2-Acetylchla, 21am; and Bchla, 40-43nm.
properties and by the twisted growth pattern of bacteria. Substantial variability in size was found only for ChIa/Chlb

mixtures(35-50nm).
R6.6
Growth-packed PPT-A fiber for the The quantization of diameters can be accounted for structurally If
replacement of native asbestors. water molecules coordinate to the magnesium atom only on one side

poly.p-phenyleneterephthalamide (FPT-A) fibers made Of the Chia macrocycle. but on either side of the Bchla eand 2-
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Acetylchla macrocycles. The additional acetyl groups in Bchla and
2-Acetylchla make water coordination possible on either side of
the macrocylce without sacrifice of hydrogen bonding needed for
aggregate formation and stability. The crucial structural
consequence is that water coordination on either side of the
macrocycles results in some of the macrocycles having opposing
curvatures which cancel and therefore give the larger structures.
An additional feature is that all chlorophyll macrocycles are
equivalent in the Chia cylinders, but in the larger structures,
pairs of macrocycles are the basic structural units. This suggests
that there is particular stability to dimers of Bchla and of 2-
Acelylchla.

R6 .9

ENZYMATIC RESOLUTION OF BICYCLO[3.2.O]HEPT-2-EN-
6-YL ESTERS. Norbert Klempier, Kurt Faber,
Herfried Griengl; Institute of Organic Chemistry,
Graz University of Technology, Stremayrgasse 16,
A-8010 Graz, Austria

Both enantiomers of endo-bicyclo[3.2.0]hept-2-en-
6-ol, a precursor of the Corey lactone, were
obtained by means of a biocatalytic resolution
using microbial lipases'. Optimisation of the
system with respect to substrate structure and the
enzyme employed led to a procedure which gives
rise to le, agd lb in both -98 , e.e. when rac-la
(R*=CH3, R-=R -H) was hydrolysed with lipase P
from Fse,,...s / ' sc.- (Amano Pharm.Co.).

Ra COO,,, , R2 R' ,, ,OR'

L pas* :?%R R 7

pH -7. 0 Q

t'-a 1b Io

RI- CH., t-CK,. n-Cf.0 R
2 

- H. Cl, R2 H. CI.

Other lipases (from .-- t::- -, porcine
pancreas and ,-- ,. ) and derivatives bearing
Chloro-atoms in the 7-position were less
satisfactory with respect to both enantinnelection
and rate of reaction.

1 For a related investigation see: t.C.Cotterill,
.L.A.Macfarlane, S.M.Roberts,

.- ,,s: , 1988, 3387.
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MULTI-FUNCTIONAL MATERIALS SESSION S2: NON-LINEAR OPTICS IN
MULTIFUNCTIONAL MATERIALS

November 29 - December 1, 1989 Chair: Alan Buckley
Thursday Morning, November 30

SESSION Sl: MULTIFUNCTIONALITY IN Essex North East (W)
CERAMICS/POLYMERS

Chairs: Donald R. Ulrich 8:30 *S21
Wednesday Afternoon, November 29 NOVEL ELECTROACTIVE AND NONLINEAR OPTICAL

Essex North East (W) HETEROSTRUCTURES, Paras N. Prasad, State
University of New York at Buffalo, Photonics

1:30 *S.i1 Research Laboratory, Department of Chemis-
NANODESIGNING OF MULTIFUNCTIONAL CERAMIC try, Buffalo, NY.
COMPOSITES, Ilhan A. Aksav, University of
Washington, Department of Materials Science 9:00 S2.2
and Engineering, Seattle, WA. ENHANCEMENT OF THIRD ORDER NONLINEARITY ON

PHTHALOCYANINE COMPOUNDS, Masahiro Hosoda,
2:00 *S1.2 Tatsuo Wada, Akira Yamada, Anthony F. Garito

NANOCOMPOSITES - THE MULTIFUNCTIONAL FAMILY and Hiroyuki Sasabe, Frontier Research
OF MATERIALS, Rustum Roy, Pennsylvania State Program (RIKEN), Saitama, Japan.
University, Materials Research Laboratory,
University Park, PA. 9:15 *$2.3

TRANSPORT, OPTICAL PROPERTIES AND PHOTOEXCI-
2:30 *S1.3 TATIONS IN LADDER TYPE POLYMERS, I. Belaish,

SOL-GEL PROCESSING OF LARGE SILICA OPTICS, Davido and C. Rettori, Hebrew University
LLL Hnch, University of Florida, Gaines- of Jerusalem, Racah Institute of Physics,
ville, FL. Jerusalem, Israel; M.R. McLean, L.R. Dalton

and L.P. Yu, University of Southern Califor-
3:00 BREAK nia, Department of Chemistry, Los Angeles,

CA.
3:15 SL.4

PHOTOACTIVE LIQUID CRYSTALLINE POLYMERS AS 9:45 BREAK
MULTIFUNCTIONAL MATERIALS, D. Creed, A.C.
Griffin, C.E. Hoyle and K. Venkataram, 10:00 S2.4
University of Southern Mississippi, Depart- DESIGN, CHARACTERIZATION, AND OPTICAL PRO-
ments of Chemistry and Polymer Science, PERTIES OF PHOSPHAZENE-BASED POLYMERS,
Hattiesburg, MS. Gregory J. Exarhos and William D. Samuels,

Battelle-Pacific Northwest Laboratory,
3:30 ±5 Richland, WA; Kevin M. Crosby, Physics

MULTIFUNCTIONAL DEVICE APPLICATIONS OF Department, Beloit, WI.
NONLINEAR OPTICAL POLYMER MATERIALS, Rick
Lye and Ferris Lipscomb, Lockheed Missiles 10:15 S2.5
and Space Company, Inc., Research and Devel- ORGANIC, ORGANOMETALLIC AND POLYMERIC
opment Division, Palo Alto, CA. MATERIALS WITH UNUSUAL NONLINEAR OPTICAL AND

ELECTRONIC PROPERTIES, Seth R. Marder and
4:00 *SI.6 Joseph W. Perry, California Institute of

EXPLORATORY STUDIES OF NEW NLO AND PIEZO- Technology, Jet Propulsion Laboratory,
ELECTRIC POLYMERS, H.K. Hall. Jr., Anne B. Pasadena, CA; Eric J. Ginsburg, Christopher
Padias, Francesco Fuso, Zhende Ni and B. Gorman and Robert H. Grubbs, California
Michael A. Mitchell, University of Arizona, Institute of Technology, Pasadena, CA.
Chemistry Department, Tuscon, AZ; Thomas
Leslie, Hoechst-Celanese, Summit, NJ. 10:30 S2.6

THIRD-ORDER OPTICAL NONLINEARITIES IN POLY-
4:30 SI1.7 MER COMPOSITES, Kenneth M. White, R. Ellen
POLYMER-SALT COMPLEXES, APPLICATION AND Harelstad, Cecil V. Francis and Diana J.
NATURE OF THE CHEMICAL BONDS, G.Azi and Gerbi, 3M Company, Science Research Labora-
D.M. MacArthur, General Motors Research tory, St. Paul, MN; John Stevens and Peter
Laboratories, Warren, MI; R. Aroca, C. Leung, 3M Company, Computational Science
University of Windsor, Windsor, Canada. Center, St. Paul, MN.

4:45 S1.8 10:45 *$2.7

STUDY ON DIOPSIDE WHISKERS PRECIPITATION SYNTHESIS AND PROPERTIES OF MULTIFUNCTIONAL
TYPE HYDROXYAPATITE, T. Nonami, TDK Corpora- POLYMERS, H.A. Goldbe, A.J. East, I.L.
tion, Research and Development Center, Kalnin, R.E. Johnson, H.T. Man, R.A. Keosian
Chibaken, Japan. and D. Karim, Hoechst Celanese, Summit, NJ.

*Invited Paper
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1:15 S2.8 3:45 *S3.7
OLECULAR DESIGN OF SYNTHETIC POLYPEPTIDES HIGH COMPRESSIVE oRENGTH ORDERED POLYMER
OR NONLINEAR OPTICS, Takafumi Ishii, Tatsuo FIBERS AND FILMS VIA SOL-GEL MICROCOMPOSITE
ada, Akira Yamada, Anthony F. Garito and PROCESSING, Robert F. Kovar, R. Ross
iroyuki Sasabe, Frontier Research Program Haghighat and Richard W. Lusignea, Foster-
RIKEN), Saitama, Japan. Miller, Inc., Waltham, MA; Lawrence T.

Drzal, Michigan State University, East
1:30 * Lansing, MI.
ULTIFUNCTIONAL MACROMOLECULES - SOME DEVICE
PTIONS, Michael R. Worboys, Michael S. 4:15 *S3.8
riffith and Nicholas A. Davis, GEC-Marconi SOL-GEL ETALONS FOR ION LASERS, Nicholas J.
esearch Centre, Essex, United Kingdom. Phillips, Loughborough University of Tech-

nology, Department of Physics, Loughborough,
SESSION S3: MULTIFUNCTIONAL United Kingdom.

INORGANIC MATERIALS
Chair: Ilhan A. Aksay 4:45 S3.9

Thursday Afternoon, November 30 DESIGNING PORE SIZE IN SILICA AND ALUMINO-
Essex North East (W) SILICATE GELS, H. Kido, P.B. Malla and S.

Komarneni, The Pennsylvania State Univer-
1:30 *$3.1 sity, University Park, PA.
ULTIFUNCTIONAL ENGINEERING MATERIALS-REVIEW
ND PROJECTIONS, John D. Mackenzie, Univer- SESSION S4: POLYMERS FOR ULTRASTRUCTURES
ity of California at Los Angeles, Depart- Chair: Frank E. Karasz
ent of Materials Science and Engineering, Friday Morning, December 1
os Angeles, CA. Essex North East (W)

2:00 *S3.2 8:30 *S4.1
LLTIFUNCTIONAL FERPOIC NANOCOMPOSITES, RE. DIELECTRIC RELAXATION PROPERTIES AND ALIGN-
ewnham, H. Ikawa and S.E. McKinstry, Penn- MENT BEHAVIOUR OF LIQUID-CRYSTALLINE SIDE-
Vlvania State University, Materials Re- CHAIN POLYMERS, Graham Williams, University
earch Laboratory, University Park, PA. College of Swansea, Department of Chemistry,

Swansea, United Kingdom, Frank E. Karasz,
2:30 S3.3 University of Massachusetts, Polymer Science
PPLICATION OF SOL-GEL DERIVED NANOCOM- and Engineering Department, Amherst, MA.
OSITES TO SOLID STATE EPITAXIAL GROWTH OF
XIDES AND SELECTED SEMI-CONDUCTORS, Rustum 9:00 *$4.2
oy, S. Komarneni and A.M. Kazakos, Pennsyl- LIQUID CRYSTALLINE MATERIALS FOR POLYMER
ania State University, Materials Research WITH ANISOTROPIC ULTRASTRUCTURES, George S.
aboratory, University Park, PA. A , The University, Department of Chemi-

stry, Southampton, United Kingdom.
2:45 BREAK

9:30 S4.3
3:00 S3.4 LIQUID CRYSTALS INCORPORATING METAL CENTRES,
DNTROL OF YBa 2Cu3Ov and BaTiO 6 SOL-GEL W. Haase, S. Gehring and B. Borchers,
DLUTION STRUCTURE BW CHEMICAL MODIFICATION Institut fdr Physikalische Chemie, Tech-
F ORGANIC ACIDS, Haixing Zhena and J.D. nische Hochschule, Darmstadt, West Germany.
ackenzie, University of California-Los
igeles, Department of Materials Science and 9:45 S4.4
igineering, Los Angeles, CA. DIELECTRIC PROPERTIES OF POLYMERIC LIQUID

CRYSTALS WITH STRONG LATERAL DIPOLE GROUPS,
3:15 S3.5 W Ha and M. Pfeiffer, Institut fdr
)LY(ARYLENE ETHER) OR POLYIMIDE-SILICATE Physikalische Chemie, Technishe Hochschule,
IBRIDS VIA SOL-GEL ULTRASTRUCTURE PROCESS- Darmstadt, West Germany.
4G, M. pln, A. Brennan, G.L. Wilkes and
.E. McGrath, Virginia Polytechnic Institute 10:00 BREAK
id State University, Departments of Chemis-
ry and Chemical Engineering, National 10:15 S4.5
:ience Foundation Science and Technology SNYTHESIS AND PROPERTIES OF COMB-LIKE LIQUID
nter: High Performance Polymeric Ad- CRYSTALLINE POLYMERS WITH ELECTROOPTICALLY
!sives and Composites, Blacksburg, VA. ACTIVE MESOGENIC SIDE GROUPS, M. Maeda, R.S.

Kumar, A. Blumstein and S.K. Tripathy,
1:30 S3.6 University of Lowell, Lowell, MA; P. Sixou
tOTECTIVE COATINGS FOR HYPERSONIC VEHICLE and F. Faubert, Universite de Nice,
'PLICATIONS, J and K. Klemm, Naval Laboratoire de Physique de la Matiere Con-
tapons Center, Research Department, China densee, Nice, France.
ike, CA.
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10:30 S4.6 3:15 S5.5
THERMOTROPIC CHIRAL NEMATIC POLYMERS AS MICROSTRUCTURE OF PPTA/POLYPYRROLE COMPOSITE
OPTICAL MATERIALS, M.L. Tsai and S.H. Chen, FIBERS, L.P. Rector, T.J. Marks and S.H.
University of Rochester, Department of Carr, Northwestern University, Departments
Chemical Engineering and Laboratory for of Materials Science and Engineering and
Laser Energetics, Rochester, NY. Chemistry and the Materials Research Center,

Evanston, IL.
10:45 *$4.7
MULTI-LAYERS THIN FILMS OF ACETALYZED POLY 3:30 *S

(VINYL ALCOHOL) DERIVATIVES OBTAINED BY THE THEORY AND PRACTICE IN THE PREPARATION OF
LB METHOD AND THEIR OPTO-ELECTRONIC PROPER- MULTIFUNCTIONAL MATERIALS CONTAINING
TIES, Kiyoshi Oguchi, Yasuhiko Yokoh, Kohei DELOCALIZED 7r ELECTRONS, Larry R. Dalton,
Sanui and Naova Ogata, Sophia University, Rahel Vac, LuPing Yu and Linda Sapochak,
Department of Chemistry, Tokyo, Japan. University of Southern California, Depart-

ment of Chemistry, Los Angeles, CA.
11:15 *S4.8
DIELECTRIC, TSC AND ELECTROMECHANICAL 4:00 S5.7
MEASUREMENTS ON SOME PROSPECTIVE N.L.O. MICROPHASE SEPARATION IN MULTIBLOCK COPOLY-
POLYMERS, I.M. Ward, G.R. Davies and P.L. MER MELTS, Anne M. Maves and Monica Olvera
Carr, University of Leeds, Physics Depart- de la Cruz, Northwestern University, Depart-
ment, Leeds, United Kingdom. ment of Materials Science and Engineering,

Evanston, IL.
11:45 S4.9
SILICONE CONTAINING LIQUID CRYSTALLINE 4:15 S5.8
POLYURETHANES AND POLYESTER, Robert Kosfeld, SEGMENTED ANISOTROPIC ISOTROPIC POLY ARYL
Frank Braun, Lutz Willner and Michael Hess, ESTER POLY(ARYLENE ETHER) COPOLYMER
University of Duisburg, Department of Physi- MATERIALS, J.E. McGrath, K.L. Cooper, W.
cal Chemistry, Duisburg, West Germany. Waihamad, H. Huang, D. Chen and G.L. Wilkes,

Virginia Polytechnic Institute and State
SESSION S5: MULTIFUNCTIONAL DESIGN University, Departments of Chemistry and
Chair: George Gallagher-Daggitt Chemical Engineering, National Science

Friday Afternoon, December 1 Foundation Science and Technology Center:
Essex North East (W) High Performance Polymeric Adhesives and

Composites, Blacksburg, VA.
1:30 *S.1

MICROSTRUCTURAL CONTROL IN SIDE CHAIN POLY- 4:30 *$5.9
MERS FOR OPTICAL APPLICATIONS, Tim Lemmon INORGANIC AND ORGANOMETALLIC PRINCIPLES IN
and Alan H. Windle, Cambridge University, THE DESIGN OF MULTIFUNCTIONAL MATERIALS, D,
Department of Materials Science and Metal- Michael P. Mingos, University of Oxford,
lurgy, Cambridge, United Kingdom. Inorganic Chemistry Laboratory, Oxford,

United Kingdom.
2:00 S5.2

ZEOLITE LOADED POLYURETHANE FOAMS FOR EN- 5:00 S5,10
VIRONMENTAL CONTROL, C.B. Frost, D.L. MODELLING MICROSTRUCTURE IN MATERIALS THAT
Lindner and J.E. Costa, Sandia National CONTAIN ANISOTROPIC PARTICLES, Christopher
Laboratories, Livermore, CA. Viue, University of Washington, Department

of Materials Science and Engineering,
2:15 *$5.3 Seattle, WA; Larry A. Chick, Battelle

PERIODIC AREA MINIMIZATION SURFACES IN Pacific Northwest Laboratory, Richland, WA.
MICROSTRUCTURAL SCIENCE, Edwin L. Thomas,
Massachusetts Institute of Technology,
Department of Materials Science and Engi-
neering, Cambridge, MA.

2:45 S5.4
BEHAVIOR OF SUPERCONDUCTING CERAMIC-POLYMER
COMPOSITE, C. Vipulanandan and S. Salib,
University of Houston, Texas Center for
Superconductivity, Houston, TX.

3:00 BREAK
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S1.1 Progresslve Improvement in process and deect control required to achieve
NANOI)ESIGNING OF MUL TIFUNCTIONAL CERAMIC scole-up to large sizes are ilustratd.
COMPOSITES, [lhan A. Aksay, Department of Materials Science S1.4
and Engineering, University of Washington, Seattle, WA 98195 PHOTOACTIVE LIQUID CRYSTALLINE POLYMERS AS

Processing of ceramic composites for multifunctional applications MULTIFUNCTIONAL MATERIALS. D. Creed, A.C. Griffin.
C.E. Hoyle and K. Venkataram, Departments of Chemistry and

requires a precise control on compositional and density variations in Polymer Science, University of Southern Mississippi, Hattiesburg,
the scale range of 10"9m to 106m. This presentation will review the MS, 39406.
methods of achieving this goal by utilizing combinations of colloidal
particles and molecular precursors. Two basic needs will guide the The photochemistry and photophysics of polyarylcinnamate liquid

crystals has been examined in thin films of these materials. Of
presentation: (i) the need to consolidate powders as homogeneously particular interest is the [2+2] photocycloaddition reaction which
as possible with respect to chemical and density fluctuations, and (ii) leads to crosslinking (and insolubility) of these films. A typical
the need to shape complex geometries with a minimum degree of structure is shown below. This polymer forms a clear,
volume change (i.e., near-net-shape forming). Nanometer-sized par-
ticles provide the best solution for the first need but generally fail in 1"3. ?13
the second category due to low density packing of particles. We will
illustrate a variety of approaches to eliminate this low density problem
while still retaining the control on nanodesigning. Examples will
include an aluminum silicate ceramic with an optimum combination amorphous film when cast from solution. The amorphous, cast

polymer enters a LC (nematic) mesophase when heated above
of optical and mechanical properties and HTSC ceramic fibers with 70"C. The major photochemical reactions of this type of
a combination of mechanical and electrical properties. polymer are cyclobutane formation (leading to polymer

Si.2 crosslinking) and photo-Fries rearrangement. We will present
evidence from absorption and fluorescence spectroscopy for

NANOCOMPOSITES-THE MULTIFUNCTIONAL FAMILY formation of K-aggregates of the chromophores in the nematic
OF MATERIALS. Rustum Roy, Materials Research LC phase. This effect leads to a wavelength dependence of the
Laboratory, The Pennsylvania State University, University polymer photochemistry, both in the nematic mesophase and in
Park, PA 16802-4801. the frozen nematic phase that is formed upon cooling the

nematic polymer below its Tg. This can be exploited to produce
Our synthesis in 1982 of nanocomposites made via the solution- exclusively the cyclobutane adduct.
sol-gel route has led to an unanticipatedly large family of
materials, which can be tailored to perform large different S1.5
functions. This review will encompass our own work on the MULTIFUNCTIONAL DEVICE APPLICATIONS OF NONLINEAR OPTICAL
chemical-structural properties (control of phase, of sintering POLYMER MATERIALS. Rick Lvtel and Ferris Lipscomb, Research
temperature, of densification, of microstructure, of morphology, and Development Division, Lockheed Missiles and Space Co.,
ofreaction temperatures) but the work ofothers on optical and Inc., D-9701, B-202,3251 Hanover St., Palo Alto, CA 94304
magnetic materials and even those with enhanced mechanical
properties. We describe a new, integrated approach for high-speed opti-
S1.3 cal interconnection packages for integrated circuits. This

approach is based upon the use of active polymer waveguides

SOL-GEL PROCESSING OF LARGE SIUCA OPTICS. L LMooch ,Unlversity and switches to provide efficient light distribution and
of Florida, Gainesville, FL modulation in an integrated package.

Sol-gel processing offers the potential for near net shape casting of We will first present a brief review of our recent work
commics and glasses with ultrahigh purity and homogeneity. The current toward achieving practical electro-optic polymer waveguide
status of achieving these advantages in sllica optical components of up to devices. This will include recent experimental results on
75 mm diameter is discussed, poling of channel waveguides, and device architectures,

Tnometalic designs, and performance. We will then apply this work to aTwo nw "ye of opticl alie have been developed using orgea k novel, integrated packaging approach using actve polymr
sol-gel processing. Fully dense (Type V) ge-silica has excellent optical
transmission throughout the vacuum UV, UV, via, NIR, and IR. Physicl waveguides for interconnects and switches. This approach
properties and siructural characteristics of Type V gesIikca are generally places specific requirements on the materials to ensure com-
equivaient or superor to the best grades of Types 14V optical silcas; e.g., patibility with package fabrication and assembly. We will
thecoefficientofthermalexpension, ONcontent, anddispersionofTypeV present the technology, show its scope and applications, and
gellca IslowerthanTypes 4V. The UVcut-off of TypeVge-9 Ica has its implications for polymer electro-optic materials.
been Improved to < 160 nm, due to lower OH contents as shown by quantum
cluster clcutlons. S1.6

Optically transparem porous gel-slis are termed Type VIA, B, or C EXPLORATORY STUDIES OF NEW tLO AND PIEZOELECTRIC POLYMERS.
depending upon the total pore volume, density, surace area and microhard- H_ K_ Hall. Jr., Anne B. Padias, Francesco Fuso, Zhende Ni,
ness Type VIAgel-slklca has a denuitythat Is W-70%that of full density Michael A. Mitchell, Thomas Lesliet, Chemistry Department,

vitreousalllca (Types l-V) withatotal porevolumeof 0.17 to0.37 cc/g. The University of Arizona, Tucson, AZ 85721
pores are interconnected wth an averge radius of only 1.2 nm end surlace
area of 29000 ms/g. Type VIA silica can be Impregnated with a broad Earlier we synthesized the first AB polymers containing
rnge of optical Pol mror cm pounds with excellent ltr nsm ission out to NLO-phores along the main chain. (J. Macromol. Sci.-Chem
290-300 nm. Type VIB porous gel-slica has amalior total pore volume and 1988) The general structure was
somewhat larger pore sh. Type VIC has a density 95-100% of virous CN
sllices with a Iv cut-off to 1-165 nm. O- - /.

Both Types V end VI gel-llice offer the advantage of near not shape casting -o-( CH- 0, S
Including the abilty to form Internal cavitles using a ls wax process.
Examples Include a cast lightweight mirror with Integral Ic plate and
lightweight becting and porous substrates for scintillatton counter, liquid When the donor was oxygen, tractable NL-active polymers
crystal display, and planar wveguldeL with qualitatively good physical properties were obtained.
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Now we have extended this work to sulfur as the donor atom. them occur simultaneously.
Again, good films capable of orientation were obtained.
'Methaczrylate and acrylate polymers containing this NLO- Also, diopside was added to HAP and sintering
phore in the side-chains were synthesized, permitting a
comparison for the first time of main vs. side-chain at 1200C for 2 hours was done. As a resultplacement, of these investigations , diopside whisker of

aspect ratio 10-15 was formed. Moreover, theWe are synthesizing tetracyano-cyclopropane and -cyclo- glass phase Of CaD-S10 2- P20s-MgO system wasbutane monomers as novel piezoelectric materials, generated at the interface of HAP and whisker.
Synthesis and polymerization of two styrene monomers
containing the 

2
,2,

3
,
3
-tetracyano cyclobutane substituent The bending strensh of this sintered body waswill be described. SOONPa and KIC was 3.2NPavirs.

tHoechst-Celanese. Summit, NJ 07901 S2.1
NOVEL ELECTROACTIVE AND NONLINEAR OPTICAL HETEROSTRUCTURES.Si.7 Paras N. Prasad, Photonics Research Laboratory, Department
of Chemistry, State University of New York at Buffalo,POLYMER-SALT COMPLEXES, APPLICATION AND NATURE OF Buffalo, NY.

THE CHEMICAL BONDS. C.A. Nazri, D.M. MacArthur,
General Motors Research Laboratories, Warren, MI This talk will focus on several novel Molecular and48090, R. Aroca, University of Windsor, Windsor Polymeric Heterostructures prepared in our laboratory which

have interesting electroactive and nonlinear optirlR proper-Ontario NB 3P4, Canada ties. Time-resolved studies of excitation and carrier dyna-
mics will be presented. The nonlinear optical response has

Polymer electrolytes are attracting interest been studied using second harmonic generation and fem-because of potential application in solid state tosecond degenerate four wave mixing, the latter being usedbeauepteriesan talapplici winows. so is for the investigation of third-order nonlinear optical
batteries and electrochronic windows. In this effects. Results will also be presented from optical wave -
work, we report the performance of polymeric guide studies.

electrolytes in several galvanic cells. The nature S2.2
olther-seal coples wer ionsstu i Te ENHANCEMENT OF THIRD ORDER NONLINEARITY ONpolymer-salt complexes were studied. The PHTHALOCYANINE COMPOUNDS. Masahiro Hosoda,
fundamental vibrational frequencies of the Tatsuo Wada, Akira Yamada, Anthony F. Garito and
polymers and lithium salts were calculated and the Hiroyuki Sasabe, Frontier Research Program
band assignments agree quite well with the (RIKEN), Wako, Saitama 351-01, Japan
frequencies obseved in Raman and IR specra. The Organic conjugated compounds which exhibit
strong electrostatic interactions of the third order nonlinear optical effect and have
disociated salt with the polymers induced changes excellent processability can be prospective
in the intensity of the Raman bands an~d f candidates for some photoresponsive devices.aboteintns of thepehe Raman and IR tWe report that macrocyclic compounds havingabsorption bands of the polymer. The Raman and IR two dimensional 7r-electron conjugated system,spectra of the polymer-salt complexes clearly show that is, soluble metallophthalocyanine derivatives
the existance of "free" ions, ion-pairs and salt show large third order nonlinear responses and can
cluster at various concentrations of the lithium be easy to get a thin film of molecularly doped

polymer by conventional spin coating technique.salt. The maximum concentration of "free" ions The alky 1-substituted metallophthalocyanines were
deduced from the spectroscopy is in excellent synthesized and fully characterize Third order
agreement with the salt concentration required to nonlinear optical susceptibility(X r3')) and molecu-
obtain maximum ionic conductivity. lar optical susceptibility (y) of the thin filmwere determined by rotational Maker fringe meas-
Sl.8 urement of optical third harmonic generatlon.Thlrd

order nonlinear optical susceptibility of alkyl-STUDY ON DIOPSIDE WHISKERS PRECIPITATION TYPE substituted metallophthalocyanine is 10
- 

1
HYROXYAPATITE. o iorder. This value is a tenth magnitude of XT.T. fionsai TDK Corporation. R & D of non-substituted one showing almost the sameCenter, 2-15-7 Hisashi-Ohweds, Ichikawa-shi, Chiba- magunitude as polydiacetylene. According to x-rayken, 272, Japan scattering and optical absorption spectroscopy of

their two compounds, the above result was suggest-
ed to be dependent on the different stacking

Hydroxyapatlte (HAP) is a biocoatible material arrangements.We will propose that a kind of intermolecularand has been used as an artificial bone or teeth interaction on two-dimensional conjugated system
material. However, the use range is often limited plays an important role for the enhancement of
because of low mechanical strength, third order optical nonlinearity.

Therefore , we Investigated how to make the S2.3
composite material in which whisker Is distributed TRANSPORT, OPTICAL PROPERTIES AND PHOTOEXCITATIONS IN
in matrix to give higher strength. The mixed LADDER TYPE POLYMERS. I. Belaish, D. Devier and C. Rettorl,powder of HAP and diopside was heated to make this Rocah Institute of Physics, Hebrew University of Jerusalem,composite materiel. Israel; and M.R. McLean, L.R. Dalton end L.P. Yu, Deportment of

The sintering of HAP and the precipitation of Chemistry, University of Southern California, Los Angeles,
whisker were examined , to find a method of making California.
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Ladder type polymers like BB, 5OL and PQL can be processed to urea reference standard. X-ray studies demonstrate that for several of
the compounds a highly polar orientation of the chromophore in the

achieve films With excellent plannr alignment and mechanical crystal lattice is achieved. The methodology has also successfully been
properties. Heat treatment and pyrolysis can change the applied to organometallic chromophores incorporating the ferrocenyl or

conductivity dramatically end can induce phase transformation ruthenocenyl moieties as the donors.

to a new ladder-type polymer with high intrinsic conductivity We have also been utilizing soluble well defined organometallic

(-200 s/cm). This phase transformation occurs at a pyrolysis catalysts. to prepare conjugated polymers by ring opening metathesis

temperature of Tp ( (600 t 50)OC. The conductivity Is domlnatld polymerization (ROMP). ROMP of substituted cyclooctatetraene
monomers yields new polyacetylene derivatives which have a

by hopping between localized states according to the anisotropic substituent on every eighth carbon (on the average). In many cases

variable range hopping model. The life-time of the these polymers can be oxidatively doped to a conductive state. In the
case of poly(octylcyclooctatetraene) a conductivity of 50 "-1cm-1 was

photoexcitations at different wavelength of the exciting loser observed. We are examining the third-order nonlinear optical properties
was studipd, by, CW LESR and photoconductivity as well as by of these materials. The substitution tends to make the polymers

transient photoconductivity. The photogenerated spins decay amorphous and as a result the materials exhibit much lower scattering
losses than does the crystalline unsubstituted polyacetylene prepared by

slowly with two different characteristic times. The decay of ROMP. Some of the polymers are soluble and thin films of these

the photogenerated charges is significantly faster. We materials can be prepared by spin coating.

demonstrate that the unique transport, optical and mechanical S2.6 ABSTRACT NOT AVAILABLE

properties of ladder polymers may be used to fabricate fast S2.7
switching devices. A device consisting of miniature conducting SYNTHESIS AND PROPERTIES OF MULTIFUNCTIONAL POLYMERS. H.A.

microstructure in a completely transparent insulating ladder Goldberg, A.J. East, I.L. Kalnin, R.E. Johnson, H.T. Man,

polymer was developed in our laboratory. R.A. Keosian, and D. Karim, Hoechst Celanese, 86 Morris
Avenue, Summit, NJ.

52.4SI4 CRecent work aimed at developing new polymers which exhibit
PHIOSPIHAZENE-BASED POLYMERS. gory J. Exarhos, and useful optical (and/or electro-optical) and piezoelectric

r properties will be presented. The materials under studyWilliam D. Samuels, Pacific Nort west Lo atory, P.O. include polymers with methacrylate backbones and
BOX 999D MS K2-44, Ritchland, WA 99352, and Kevin M. Crosby, nitrostilbene side chains as well as new polyvinylidene
Physics Department, Beloit College, Beloit, WI 53511. cyanide based copolymers. The synthesis of high purity

Multifunctiolality in linear Inorganic polymer systems can monomers as well as the polymerizations will be described.

be attained through replacement of functional side groups by In addition, pyro-electric, electro-optic, thermal, electri-

organic or inorganic moieties or through the formation of cal and optical property data will be reported. The
homogeneous mixed polymer blends. Ongoing work in this d of these properties (as well as important secon-laboatoy ha shwn tat he hemial atur ofthedary properties such as thermal stability and mechanicallaboratory has shown that the chemical nature of the properties) on composition, structure, and processing con-

substitutional side group in polyphosphazenes influences the p tis on c s s ta s
dispersion-lubrication properties of colloidal suspensions dtions will be discussed.
thereby affecting particle packing during consolidation. 52. 8
A key parameter for these interactions was found to be the
electron-withdrawing power of the substitutional group. MOLECULAR DESIGN OF SYNTHETIC POLYPEPTIDES FOR
Phosphazene polymers also exhibit desirable optical NONLINEAR OPTICS. Takafumi Ishii, Tatsuo Wada,
properties which can be exploited in device applications. Akira Yamada, Anthony F. Garito, and Hiroyuki
For example, many of these phosphorus-nitrogen containing Sasabe, Frontier Research Program (RIKEN),
materials form clear transparent films with good Hirosawa 2-1, Wako, Saitama, 351-01, Japan
transmission properties into the ultraviolet region of the
spectrum. In addition, they exhibit good radiation and Introducing electron donor and acceptor to highly
optical laser damage resistance, conjugated Yr electron system is a common method

to enhance molecular second order hyperpolariza-
Recent work in this laboratory involves the development of bility. However, this sometimes reduces transpar-
phosphazene polymers that exhibit non-linear optical ency limiting its application severely.
activity, Modification of the intrinsic optical response of
the phosphazene chain is achieved through substitution of Poly(y-benzyl L-glutamate) (PBLG), a typical a-
functional side groups. The influence of side group helical synthetic polypeptide, is known to have
electronegativity and extent of electron delocalization on extraordinarily large molecular second order
optical properties will be presented. hyperpolarizability, 8 , ( ex. 8 = 5 x 10- 2 0 esu

for PBLG, Mw=550,O00) which arises from many
S2.5 carbonyl groups aligned parallel in a polymer
ORGANIC, ORGANOMETALLIC AND POLYMERIC MATERIALS chain , and this polymer shows excellent transpar-
WITH UNUSUAL NONLINEAR OPTICAL AND ELECTRONIC ency. Large macroscopic nonlinear susceptibility
PROPERTIES. Seth R. Marder, Joseph W. Perry. Jet Propulsion may be achieved by control lIng molecular orienta-
Laboratory, California lnstitute of Technology, 4800 Oak Grove Drive, tion by regulating molecular weight, and there is

Pasadena, CA, 91109; Eric J. Ginsburg, Christopher B. Gorman and a possibility to enlarge its molecular nonlineari-

Robert H. Grubbs. Department of Chemistry, California Institute of ty by chemical modification.

Technology, Pasadena, CA, 91125. From this point of view, nitro group was intro-
duced into side-chain of PBLG (Mw=44,000), in

A series of over 50 organic salts in which the cation has been designed order to enhance microscopic hyperpolarizabi 1ity,
to have a large molecular hyperpolarizability have been prepared. and we made co-polymers with poly( y -dodecyl L-
Variation of the counterion (anion) in many cases leads to molecules glutamate) to improve its solubi 1 ity and fabl ica-
with very large macroscopic second-order optical nonlinearities as bi 1 ity. Second order molecular nonlinearity was
evidenced by the Kurz powder technique. One salt has a second determined by DCSHG measurement at a wavelength
harmonic generation powder efficiency roughly 2000 times that of the of 1064 nm.
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S2.9 the material property coefficients of these systems and on
MULTIFUNCTIONAL MACROMOLECULES - SOME DEVICE OPTIONS. their phase transitions is also discussed.
Michael R. Worboys, Michael S. Griffith and Nicholas A.
Davis, GEC-Marconi Research Centre, Great Baddow, Essex, S3.3
U.K. APPLICATION OF SOL-GEL DERIVED NANOCOM-

POSITES TO SOLID STATE EPITAXIAL GROWTH OFMultifunctional macromolecules are materials which exhibit OXIDES AND SELECTED SEMI-CONDUCTORS. Rusturm
more than one active function, e.g. nonlinearity and R",S. Komarneni and A.M. Kazakos, Materials Research
pyroelectricity, in the same material.. This opens up new Laboratory, The Pennsylvania StateUniversity, University
possibilities for device design and implementations. We Park, PA 16802-4801.
have considered a number of possible devices and identified
the material properties required for successful device We have extended our proof of solid state epitaxy in SSG
implementation. In many cases it was found that at least derived nanocomposites such as ThSiO4 [noncrystalline] +
two active properties were required. From the range of ThSiO4 -Ithorite) and ThSiO4-[noncrystalline] +ThSiO 4-
possible devices, the device options have been reduced to [huttonite] to cases where the crystalline phase is a single
three classes of device, of which two proof-of-principle crystal.
devices have been investigated and are now under
construction. Data will be presented on phases crystallizing from xerogels of

the same composition deposited on clean single crystals
This paper describes results of the inital fabrication and (including different orientations) of A1203; spinel; TiO2; Si; etc.
characterisation of the two proof-of-principle devices. The These show varying degrees of oriented overgrowth from nearly
devices are a light modulated deformable mirror (using a single to slight morphological preference. For an example,
photoconductor and a piezoelectric layer) and an optically boehmite coatings on A1203 single crystals led to the growth of
modulated electro optic dual layer (using a photoconductor needle-shaped grains with the same orientation as that of the
and an electro-optic layer). single crystal while the same coatings on a polycrystalline cI-

S3.1 A1203 substrate led to random overgrowth.

MULTIFUNCTIONAL ENGINEERING MATERIALS-REVIEW S3.4
AND PROJECTIONS. JohnD Mackenzie, Department of Materials CONTROL OF YBa 2 CU 3 O and BaTiO 6  SOL-GEL
Science and Engineering, University of California, Los Angeles, CA SOLUTION STRUCTURE BY CHEMICAL MODIFICATION
90024-1595 OF ORGANIC ACIDS. lixing Zbeng and J.D.Mackenzie,
Multifuctional engineering systems made up of different material Department of Materials Science and Engineering, University of

components each providing primarily a single function are well known California-Los Angeles, Los Angeles, CA 90024
Frequently, even for a monofunctional application, the material
component must already have an optimum set of properties to fulfill that
function. It would be desirable to have multifunctional material Preparation of different forms (monoliths, films and fibers) of materials

via sol-gel process require that the solutions have different structure.
components but it is obvious that the development of such materials can Modification of alkoxide solutions by organic acid slows down thebe difficult. Inl this paper multfunctional engineering materials which hydrolysis rate and control the polymerization reaction, consequently
have been successfully developed are received. More recently, some ~yrlssrt n oto h oyeiainratocneunl
ne inrganiceandfinorganiorgani aterialyehve& bentl se yields the solutions with different structure. In this work, the effect of
new inorganic and inorganic-organic material systems have been chemical modification of alkoxides (YBa2Cu3(OPri)13, and BaTi(OPr) 6)developed on a laboratory scale. These include inorganic crystals, by organic acids has been investigated. It is found that the connectivity of
intercalated materials and nanocomposites. Their structure,microstructure, processing and properties will be discussed and the oxide network increase with decreasing concentration of organic acids
prosucture pocesi andore apopetis willbedisand thus change the solutions from spinal (fiber drawing solutions) to
projections made for their future aplications, non-spinal. This change of the structure results in: (I) ease of the

S3.2 formation of desired phases; (2) denser microstructure with finer grains.

MULTIFUNCTIONAL FERROIC NANOCOMPOSITES. R.E. Newnham. H. S3.5
Ikawa, S.E. McKinstry, Materitls Research Laboratory, POLY(ARYLENE ETHER) OR POLYIMIDE-SILICATE HYBRIDS VIA
Pennsylvania State University, University Park, PA. SOL-GEL ULTRASTRUCTURE PROCESSING. M. Soinu, A. Brennan,

G.L. Wilkes and J.E. McGrath, Departments of Chemistry and
During the past decade, we have developed a large family of Chemical Engineering, National Science Foundation Science
microcomposite materials for use as electromechanical trans- and Technology Center: High Performance Polymeric Adhesives
ducers, PTC and NTC thermistors, piezoresistors, and chem- and Composites, Virginia Polytechnic Institute and State
cial sensors. The constituent phases of such composites are University, Blacksburg, VA 24061.
typically on the scale of microns in at least one dimension.
Recently, though, there is a sense of excitement as a number Methodologies have been outlined and demonstrated which per-
of different technologies come together in a synergistic mit the well defined functionalization of high performance
manner to miniaturize and integrate composites into a wide aromatic polymer precursors which allow utilization in cera-
variety of optoelectronic systems. In the field of cera- mic type structure. The first example investigated has been
mics, for example, the development of chemical preparation to produce amino terminated poly(arylene ether)s or fully
methods has led to an overall reduction in processing tem- imidized polyimides which can be quantitatively derivatized
peratures and the ability to prepare nanometer-sized par- to nadimide structures through the reaction of the amine
ticles. The simultaneous introduction of polyimides and functional oligomers with norbornene 2,3-dicarboxylic
other polymer systems stable at high temperatures allows, for anhydride. The subsequent nadimides were quantitatively
the first time, the co-processing of ceramic and polymer derivatized via hydrosilation reactions of dimethoxy or tri-
nanocomposite systems for electronic applications. methoxy silane under chloroplatinic acid catalyzed con-

ditions. The resulting tetra or hexa methoxy silanes were
Many of the whisker and precipitate strengthened materials hydrolysed and co-condensed under conditions previously
used for structural components can be considered nanocom- developed for siloxane modified materials to allow the
posites. This paper, however, concentrates on the recent desired structure to be produced by a sol-gel ultrastructure
devleopments in the field of electroceramic nanocomposites, processing. The synthesis and characterization of these
laying particular emphasis on the role of the ferroic materials will be reported.
materials now utilized as soft ferrite transformers, barium
titanate multilayer capacitors, toughened zirconia engine
parts, lead zirconate-titanate transducers, and doped barium
titanate PTC thermistors. The effect of nano-scale on both
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S3.6 S3.9
PROTECTIVE COATINGS FOR HYPERSONIC VEHICLE DESIGNING PORE SIZE IN SILICA AND ALUMINOSILICATE
APPLICATIONS. JCovino AND K. Klemm. Research Department, GELS. H. Kido, P.BMa and S. KIomameni, Materials Research
Naval Weapons Center China Lake Ca. 93555-6001. Laboratory, The Pennsylvania State University, University Park, PA.

Protective coatings for both Ti-Al alloys and for C-C composites have Porous solids am known to be ideal candidates for catalytic activities and
ueen synthesized and characterized for hypersonic vehicle for the study of the effect of confined space on the properties of fluids.
applications. Coatings of choice must show protection against oxygen An ability to design pores of varying size and uniform distributions in
and hydrogen both under mild environments of low flows and low solids is very important to dcleneate the effect of varying degree of
temperatures as well as severe environments. of high flows and high restrictive geometry on fluid properties. In addition, pore size and its
temperatures. Aluminum-silicate glass ceramics were chosen as structure are some of the most important parameters that govern the
coating candidates because they are materials which are stable to amount and the rate of vapor adsorption on the surfaces of solids, and
temperatures of 15000C , are nonreactive to oxygen and have minimal consequently determine the shape of the adsorption isotherm. Large pores
reactivity with respect to hot hydrogen. This paper will discuss the facilitate multiayer adsorption of vapors such as water and nitrogen and
chemistry of the coating synthesis and application as well as the exhibit type II or type IV iotherm, whereas multilayer adsorption ischaracterization of such coatings.exiityeIortpIViohrwn=mllaradrtons physically not possible in small pores and therefore the adsorption follows

The synthetic process used in this work is the sol-gel process. The type I isotherm. This paper aims at describing the synthesis of
desired chemical composition of the coatings was made by dissolving microporous silica gels of varying pore sizes and their water sorption
the corresponding metal alkoxides in and aqueous solution followed by properties
a controlled dehydration and heat treatment to obtain stable coatings.
Composition, viscosity, firing temperature and conditions were all A series of microporous silica gels of varying pore sizes (pore diameter
important parameters which need to be controlled in order to obtain <15 A)weresyntheszed byhydrolyzingtetfmethylortosilicate(TMOS)
stable crack-free coatings. with varying amounts of water. No catalyst or alcohol was added.

Although the gelation time for all waterlrMOS ratios (R) was
The coatings were characterized using elemental analysis, X-ray approximately the same (about 3 hr), the pore size was found to be

diffraction, Scanning electron microscopy, heat treatments in both minimum at R - 4.96, and it increased with both increasing and
hydrogen and oxygen and some hydrogen permeation measurements. decreasing R. The sample prepared at R - 4.96 exhibited moderate type I
These measurements will be presented and discussed. isotherm which changed to type IV with decreasing or increasing R. The

effect of aluminum addition on the properties of gels was also
S3.7 investigated. A small decrease in pore size and an increase in sorption

HIGH COMPRESSIVE STRENGTH ORDERED POLYMER FIBERS AND FILMS capacity was observed with the addition of a small amount of Al (Si:AI -

VIA SOL-GEL MICROCOMPOSITE PROCESSING. Robert F. Kovar, R. 98:2). The addition of aluminum greater than or equal to 6% (Si:At s
Ross Haghighat and Richard W. Lusignea, Foster-Miller, Inc., 94:6), however progressively increased both pore size and sorption
350 Second Avenue, Waltham, MA, and Lawrence T. Drzal, capacity lading to type IV isotherm. The interpretation of the effect of R
Michigan State University, East Lansing, MI. and amount of aluminum addition on pore size and shape of water

isotherms will be discussed.
Sol-gel glass microcomposite processing of
poly(benzobisthiazole) (PBZT) films increased the S4.1
compressive strength of PBZT/PEEK film laminates by more DIELECTRIC RELAXATION PROPERTIES AND ALIGNMENT
than four times. The presence of glass within micro- BEHAVIOUR OF LIQUID-CRYSTALLINE SIDE-CHAIN POLYMERS.
fibrillar regions of PBO/sol-Sel glass microcomposite fibers Grham.,Wiliamg, University College of Swansea, U.L, and Frank E
Inhibited micro-buckling during compression and greatly Krasz, University of Massachusetts, Amherst, Mass., U.S.A.
increased their resistance to compressive failure. A prerequisite for the use of liquid-crystalline (LC) side-chain polymers
Studies of PBZT/sol-gel glass microcompostte film morphology as media for digital, analogue and holographic optical data storage, for
conducted at UMass by E.L. Thomas and Penn State by C. optical elements (e.g. erasable Fresnel zone plates) or for non-linear
Pantano indicated that sol-gel glass precursor solutions had optics (e.g. second harmonic generation) is that films should be
condensed within PBZT films to produce a fine scale (100-300 prepared in well-defined and reproducible states of macroscopic
A) granular structure, homogeneously distributed throughout alignment It is also important to have available direct methods for
PBZT lamellae of microfibrils. determining the nature and extent of the aignm=nt of a particular film_

In a parallel effort, we have successfully extended sol-gel WedescribethealignmentbehaviouroffilmsofdifferentLCside-chain
microcomposite processing technology to the improvement of polymers when they are subjected to elecca/thermaI treatments. The
compressive strength in ordered polymer fibers. Details alignment properties are monitored quantitatively using dielectric
concerning our results will be discussed. relaxation spectroscopy (10-10 5 Hz). Certain polymers maybe aligned

homeotropically, planarly, or to any intemediate degree of alignment,
S3.8 using low or high frequency electric fields applied to films in the LC
SNicholas J. Phillips. or to ms being cooled from the melt. The rates of field-inducedSOL-GEL ETALOtIS FOR ION LASERS. N~hll . hlts

Department of Physics, Loughborough University of gnment and field-free disalignment am strong functions of the Simple
Technology. temperature and its history.

This paper addresses developments in the understanding of The dielectric relaxation spectra vary systematically with the degree of
intra cavity elements in ion lasers using sol-gel prepared macroscopic alignment of the sample and its temperature. The

glass. A novel form of interferometry was reported earlier asotropic dielectric relaxation behaviour may be explained in terms of
this year at the Ilkley review meeting in which measurements molecular theory which predicts four relaxation modes for the

anisotropic motions of the dipolar esencgop.The permittivityof the thermal dlispersion factor were discussed ,m orpcm o nso h i oa mesogeoic iFoups. Th pe mb y
od= tlow the director order parameter Sd to be determined for a sample

Following from these beginnings, we look again at the fabri- having a uniaxial macroscopic alignment between homeotropic and
cation of working stalone for ion lasers with special planar. The time dependence of Sd may be determined from the
emphasis on practical elements of high conversion effi- dielectic date u a imple is aligned in an elecc field (or disaligns by
ciency. Of special Interest are two cases of application: termalProceses)and suchdata aybeinterpeted usingttcrsopic
in the near ultra-violet part of the spectrum and applied to continuumtheoryfor theLCphase.

the generation of achromatic single mode behavior for S4.2
polychromatic lasers used In multicolour holography. LIQUID CRYSTALLINE MATERIALS FOR POLYMERS WITH ANISO.

TROPIC ULTRASTRUCTURES. George S. Attard, Department of
Chemistry, The University. Southampton "09 5NH, U.K.
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Liquid crystalline phases are anisotropic fluid phases characterised by S4.5
long-range orientational order and often varying degrees of spatial order. SYNTHESIS AID PROPERTIES OF COMB-LIKE LIQUID CRYSTALLINE
Liquid crystalline materials are classified as being either therotropic or POLYMERS WITH ELECTROOPTICALLY ACTIVE HESOGENIC SIDE GROUPS
iyotuopic depending on whether the driving force for the formation of the M. Maeda, R.S. Kumar, A. Blumstein, S.K. Tripathy,
ordered phases is thermal or solvent-induced self-organisation. The rich University of Lowell, Lowell, MA 01854; P. Sixou*,
polymorphism of both thermotropic and lyotropic liquid crystals can be F. Faubert*, Laboratoire de Physique de l Matiere
exploited to produce novel polymers with controlled ultrastructure. Condenses, Universite de Nice, Nice, France.

Materials with anisotropic ultrastnactures can be obtained by constructing in an attempt to synthesize side chain liquid crystalline
polymers with anisometric groups in the main-chain, as pendant side- polymers containing NLO active moieties a number of p-
chains, or a combination of both. The advantage of this approach is that a substituted aromatic azomethine phenols with acceptor-
number of chemically distinct species may be incorporated into a single donor substituents such as Me N, Me, RO, NC and NO2
polymer chain without the problems of iunmiscibility normally encountered were prepared and incorporates into a polymer chain as side
in multi-component systems. Using this approach it is therfore possible to groups. Liquid crystalline properties of low molecular
design multifunctional materials whose properties are optirnised with compounds composed of such moieties were explored
respect to particular applications. Examples of high To photoactive LC separately and as mixtures. Phase diagrams were estab-
side-chain polymers with potential as n.lo. materials will be described. In lished. These intermediate compounds of the type
practice, the main disadvantage of this approach is that only a small MO(CH )-OH (where M represents the substituted meosen)
subset of the varied LC polymorphism can be accessed. In order to achieve show ;hemelvss interesting mesomorphic properties.
greater control on the ultrastrcture a different approach is required. This
involves the use of polymerisable LC monomers whose mesomorphic Methacrylic esters with such moieties were also synthesized.

structure, whether lyotropic or thermotropic, can be locked by in situ Polymers and co-polymer systems with acceptor-donor

polymerisation. The choice of polymerisable unit which is incorporated substituents were obtained. The properties of such

into a mesogenic monomer is dictated by the energetics of the systems were studied by various techniques including

polymerisation process and the range of thermal stability of the D.S.C., polarizing microscopy and thermostimulated
mesophase whose structure is to be retained in the polymer. Using this route currents.
it is possible to prepare polymers with a range of anisotropic
ultrastructures. Examples of such polymeric materials derived from S4.6
thermotropic and lyotropic LC phases will be described. THERMOTROPIC CHIRAL NEMATIC POLYMERS AS OPTICAL MATERIALS.

M.L. Tsai and S.H. Chen, Department of Chemical Engineering
S4.3 and Laboratory for Laser Energetics, University of Rochester,

LIQUID CRYSTALS INCORPORATING METALL CENTRES Rochester, New York 14627.

W. Haas.e S. Gehring. and B. Borchers, Institut

fi r Physi kal i ache Chemie, Techni ache Hochachule, Liquid crystalline polymers have been demonstrated to have

Petersenstr. 20, 0-6100 Darmstadt, Federal Repub- the potential of contributing to new technologies that are
superior to existing ones based on holographic gratings,

lic of Germany. multilayer thin film interference coatings and low molar

mass liquid crystals. Unfortunately, there is a shortage

Transitionmetal containing liquid crystals with of polymeric materials that possess the desired thermotropic

e.g. Cu(II) show interesting physical properties and optical properties. The focus of this talk is on issues

such as optical absorption, paramagnetism, o related to the structure-property relationships:

magnetic co-operative phenomena, as well as the (1) Handedness of the helical structures presented by side-

well known liquid crystalline properties. chain polymers in relation to the structural character-
istics of the pendant chiral moiety.

We report on the syntheses, thermal data, and (2) Dependence of the helical twisting power on the chemical

y of sme new m eric CuII)- structures of both the chiral and the nematogenic mono-
optical microscopy so monomec mer to facilitate the selective reflection wavelength

mesogens. These compounds show a broad liquid tuning via comonomer ratio.

crystalline phase range. The strategies for the

design of polynuclear mesogens and possible appl i- New polymer structures based on chiral building blocks other

cation aspects as "Molocul ar Ferromagnets" are than the comnonly used cholesteryl derivatives will be

discussed. First results of onagntic investigations presented to address the afore-mentioned issues and to furn-

ish new materials with improved properties for practical

on dimeric Cu(II)-systems will be reported. applications.

S4 $ S4.7

DIELECTRIC PROPERTIES OF POLYMERIC LIQUID CRYSTALS MULTI-LAYERS THIN FILMS OF ACETALYZED POLY(VINYL

WITH STRONG LATERAL DIPOLE GROUPS. W. Haase and ALCOHOL) DERIVATIVES OBTAINED BY THE LB METHOD AND

M. Pfeiffer, Institut fOr Physikslische Chemie, THEIR OPTO-ELECTRONIC PROPERTIES. Kiyoshi Oguchi,

Techniache Hochschule, Petersenstr. 20, 0-6100 Yasuhiko Yokoh, Kohei Sanui, and Naoya Ogata,

Darmstadt, Fede-al Republic of Germany. Department of Chemistry, Sophia University, Tokyo
102, JAPAN.

Recently, we and other groups have described the Acetalyzed puly(vinyl alcohol)(PVA) derived

molecular dynamics of a series of side chain liquid from PVA and various aldehydes could form a perfect

crystalline polymers using dielectric spectro- monolayer by means of Langmuir-Blodgett method,

aexperiments, when an amphiphilic group was incorporated into 
the

copy and switching time eacetal group. It was found that the monolayer
of the acetalized PVA could be deposited onto both

Now we report on the properties of compounds with hydrophobic and hydrophilic substrates with a de-

strong lateral dipole groups as fluorine or cyano. position ratio of 1.0 so that Y-type multi-layers

Their influences on the different molecular modes 
were obtained.

are evaluated and characterized. The side chains Multi-layers of the acetalized PVA were easily

used were phenylbenzoatea or cyclohexylcyclo- cross-linked by electron-beam exposure and the

hoxanes, the main chains were polymethacryletes. sensitivity was dependent on the length of alkyl
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group on acetal group. The cross-linking reaction particularly deleterious where one or more of the functionalities is optically
occured due to the ring-scission of the acetal based. Molecular miscibility is forced on the system by attaching the
group and the resolution of patterns was higher different active groups to a common polymer backbone.
than the films obtained by spin-coating, presum-
ably owing to good molecular packings. The principles ofnmcrosunctural contul in the systems have been explored

using a series of polymers with methacrylate backbones and 4-oxy-
Various non-linear optical elements were in- 4'nitrobiphenyl or 4-oxy-4'nitrostilbene active groups attached through n-

coporated into the acteal groups of PVA and their alkyl flexible spacer sequences.
NLO properties were investigated. When p-nitro
aniline was incorporated into the acetalyzed PVA, Side-chain polymers with flexible spacers of three (CH2) spacers have
the multi-layer film exhibited a good second glass transitions of the order of l05*C. This range encompasses that of
hermonic generation (SHG) and a new type of SHG PMMA (the backbone polymer) so it is not surprising that halving the level
active polymer was obtained. Conformations of 'of side group substitution has little effect on the Tg. There is no evidence
the acetalyzed PVA and opto-electrical properties lof liquid crystallinity in the three-unit spacer materials, although they are
were discussed in forcus of NLO properties. toptically birefringent cast and rapidly cooled between glass slides. In this
S4.8 icondition the optic axis is normal to the plane of the specimen.I
DIELECTRIC, TSC AND ELECTROMECHANICAL MEASUREMENTS ON SOME ISix-unit spacers in biphenyl samples lead to a Tg of the order of 50*C, and
PROSPECTIVE N.L.0. POLYMERS. Prof. i . . Ward, D !expose a smectic liquid crystalline phase which has an upper transition at
Daves and Mr. P.L. Car, Physics Department, University of 177*C. Slow cooling through the mesophase leads to a highly scattering and
Leeds, U.K. ,optically useless glass. In the range from 770C to 1 10*C the samples are

iclear but birefringent, again with their optic axes normal to the plane of theFilms of various non-linear optic or electroactive polymers 'glass substrate although there is evidence of optical biaxiality below 95*C.
have been made by solvent casting, dip coating or welt This optical anisotropy is the result of the aligning influence of the glass
pressing techniques and poled using contact or corona surfaces and can be preserved in a clear glass by a suitably fast quench.
poling. Most of the materials studied are methacrylate
backbones with various NLO mesogens in side chains. These 1 Synthesised by Hoechst-Celanese Laboratories, Summit, NJ
have kindly been provided by Hoescht-Celanese.

Such films must be poled in order to display second order NLO S5.2
activity or piezoelectricty. Developing optimum poling con- ZEOLITE LOADED POLYURETHANE FOAMS FOR
ditions can then require lengthy sample preparation and ENVIRONMENTAL CONTROL C.B. Frost. D. L. Lindner, J. E.
measurement procedures. We have shown, in colaboratlon with Costa, Sandia National Laboratories, Livermore CA.
Hoeschst-Celanese, that the pyroelectric coefficient corre-
lates well with the Pockels coefficient. Since the
pyroelectric coefficient can be measured simply and rapidly Over the past five years a series of zeolite loaded polyurethane
it is a useful guide to the efficiency of poling. We have foams have been developed by Sandia National Laboratories.
therefore used this measurement to optimise poling con- These foams have shown the ability to perform in both
ditions, compare differenct materials and to study the sta- structural and thermal roles while retaining the zeolite's
bility of the polarisation produced. Dielectric loss capacity to sorb low molecular weight gases, particularly water
spectra and TSC have also been used to study the relaxations
occuring in these materials. vapor. These materials can be processed to yield a wide variety

of densities, zeolite concentrations and geometrical shapes and
When compared with guest-host systems such as MNA in PtMMA, volumes. By utilizing these materials in multi-functional roles
these materials prove harder to pole, more brittle to handle we have been able to increase flexibility in packaging and
but more stable in retention of their polarisation. These protection in a wide range of applications. For example, large
features seem correlated with the virtual absence of the structures of rigid polyurethane foams have been used to
sub-Tg relaxations found in Pt94A. provide structural stiffening while controlling moisture levels
S4.9 in enclosed volumes. We have also been able to demonstrate

that loaded polyurethane foams can be use for protective potting
SILICONE CONTAINING LIQUID CRYSTALLINE of electronic devices.
POLYURETHANES AND POLYESTER. Robertgosfeld, Frank Braun, Lutz Willner, Michael -I, Uni-versitof Duisburg, luparment of Physical Chemistry, This presentation will explain material preparation, processing,
D-41v i Duisburg, FR t. and applications. The material's chemical, mechanical and

physical properties have been examined with a number of
The results of a study are presented, where the possibi- techniques and the results will be presented.
lity of creating liquid crystalline polyurethanes has been
checked. Different types of aromatic urethane-structures S5.3
were tested in combination with siloxane containing
spacer groups. They are compared with corresponding PERIODIC AREA MINIMIZATION SURFACES IN
ester-structures. The influence of the structure of the MICROSTRUCTURAL SCIENCE, Edwin L. Thomas,
urethane-containing mesogenic hard segment as well as Department of Materials Science and Engineering, MIT.
the composition of the soft segment has been investigated Cambridge, MA
with respect to their potential of creating mesomorphic
behaviour.

s5.1 An A/B block copolymer consists ot two macromolecules
bonded together. In forming an equilibrium structure, such a

MICROSTRUCTURAL CONTROL IN SIDE CHAIN POLYMERS FOR material may separate into distinct phases, creating domains
OPTICAL APPLICATIONS. Tim Lemmon and Alan Windle, of component A and component B. A dominant factor in the
Department of Materials Science and Metallurgy, Cambridge University, determination of the domain morphology is area-minimization
Pembroke Street, Cambridge, CB2 3QZ, UK. of the intermaterial surface, subject to fixed volume fraction.

Surfaces that satisfy this mathematical condition are said to

The exploitation of the various functionalities which can be designed into have constant mean curvature. The geometry of such
organic systems is frustrated by the readiness with which all but the smallest surfaces strongly influences physical properties of the
molecules segregate into different phases. Multiphase structures are material and they have been proposed as structural models
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in a variety of physical and biological systems. We have electron microscopy will be reported.
discovered domain structures in phase-separated diblock 1
copolymers that closely approximate periodic constant mean Gregory, R.V., limbrell, V.C.. luhn. R.3.. Syn. Met.

curvature surfaces. Transmission electron microscopy and 28, C823 (1989)
computer-simulation are used to deduce the three-
dimensional microstructure by comparison of tilt series with s5.6
two-dimensional image projection simulations of 3D THEORY AND PRACTICE IN THE PREPARATION OF
mathematical models. Three structures are discussed: the MULTIFUNCTIONAL MATERIALS CONTAINING
first of which is the double diamond microdomain morphology DELOCALIZED x-ELECTRONS. Larry R. Dalton, Rahel Vac,

associated to a newly discovered family of triply periodic LuPing Yu, and Linda Sapochak, Department of Chemistry,
constant mean curvature surfaces. Second, a doubly University of Southern California, Los Angeles, CA 90089-0482.
periodic boundary between lamellar microdomains,
corresponding, to a classically known surface (called Strong interchain polymer interactions are normally

Scherk's First Surface) is described. Finally, we show a encountered for systems containing delocalized x-electrons.

lamellar morphology in thin films and is apparently related to These interactions greatly reduce solubility with the result that

a new family of periodic surfaces. polymers are difficult to prepare in high molecular weights and

S5.4 difficult to process into desired forms. Many types of

BEHAVIOR OF SUPERCONDUCTING CERAMIC-POLYMER functionality including nonlinear optical activity, electrical

COMPOSITE. C. Vipulanandan and S. Salib, Texas Center for conductivity, high structural strength are incompatible with

Superconductivity, University of Houston, Houston, Texas 77204- such limitations on polymer synthesis and processing. In this

5506. presentation we discuss general schemes for avoiding the
problem of insolubility associated with traditional electroactive

Growing large single crystals of the superconducting Yttrium-Barium- polymers. These methods are then used to prepare a variety of

Copper oxide (YBa 2Cu3O7.6) phase is difficult and hence there is new electroactive polymers incorporating polyene and

continuing interest in the fabrication of bulk components from sintered heteroaromatic structures. These polymers are then
polycrystalline aggregates of this superconducting material. Aggre- characterized and electroactivity properties are investigated for
gation of YBa2Cu307-8 powder by compact molding and sintering neutral, oxidized and reduced states of the polymers. The role of
results in a porous ceramic with poor mechanical properties and hence symmetry and the effects of substituents upon electroactivity is
improving the ceramic properties is of interesL clarified. Finally, the discussion of homo and copolymer

The objectives of this study are to investigate the effect of porosity on systems is extended to the consideration of composite systems.

the ceramic behavior and to improve the mechanical properties of the S5.7
superconducting ceramic using poly(methyl methacrylate) (PMMA) MICROPHASE SEPARATION IN MULTIIBLOCK COPOLYMER MELTS.
polymer. Both 12.5-diameter disk and 60-nn-iong beam specimens Anne M. Mayes and Monica Olvera de la Cruz, Department
were prepared at various porosities by varying the uniaxial Compaction of Materials Science and Engineering, Northwestern Univ-
pressure from 30 to 350 MPa The calcined powder was compacted, ersity, Evanston, IL. 60208.
sintered. and then allowed io cool at a slow rate. The polymer was
impregnated into the ceramic at room temperature. The mechanical Block copolymers undergo disorder-order transitions to

properties of the specimens were evaluated by concentrically loading periodic ordered structures, termed microphases, upon

simply supported disk and beam specimens. Performance of the cooling. The microphase separation transition for tri-

ceramic-polymer composite was also evaluated by thermocycing block and star copolymer melts is investigated following

between 77 K and 300 K. a mean field approach proposed by Leibier for diblock co-
polymers. Continuous transitions are found in both sys-

Density-pressure relationship has been developed for the compacted tems at some composition f . In triblock melts three

superconducting ceramic. The effect of PMMA impregnation on the microphase morphologies ari predicted - alternating

mechanical and electrical properties has been verified in terms of the lamellar structures, hexagonally packed cylinders, and

porosity. Polymer impregnation had no measurable effect on the critical bcc spheres. The windows of stability for the equili-

temperamure and Meissner effect of the superconducting cermic. Linear brium morphologies are notably altered by varying the

and nonlinear property-porosity relationships have been developed for triblock architecture. In particular, some triblock sys-
tems have wide regions of stability for bcc structures

the ceramic and =oramic-polymer composite. with large spherica'l domains, suggesting improved mecha-

nical properties. Corrections to the phase diagram when

S5.5 concentration fluctuations are included will be discussed

MIC2SI1IUCTURE OF PPTA/POLYPYRROLE COMPOSITE FIBERS. L.P. s5.8
Rector, T.J. Marks, and S.n. Carr. Departments of

Materials Science and Engineering and Chemistry and the SEGMENTED ANISOTROPIC ISOTROPIC POLY ARYL ESTER POLY(ARYLENE
Materials Research Center, Northwestern University. 2145 ETHER) COPOLYMER MATERIALS. J.E. McGra&h, K.L. Cooper, W.

Sheridan Road, Evanston, IL 60208. Wathamad, H. Huang, D. Chen and G.L. Wilkes, Departments of
Chemistry and Chemical Engineering, National Science

Multifuactional fibers, exhibiting both excellent Foundation Scienre and Technology Center: High Performance

mechanical properties and electrical conductivity, have Polymeric Adhesives and Composites, Virginia Polytechnic

been prepared by combining poly(p-phenylene Institute and State University, Blacksburg, VA 24061.

terephthalsmide) (PPTA) and polypyrrole. A novel
processing technique involving electropolYmerisation of Techniques have been refined for the synthesis of acetoxy or

pyrrole within a awollen PFTA fiber was employed. The carboxy poly(arylene ether) systems which can be efficiently

electropolymeriation occurs with a simultaneous collapse utilized as isotropic segment components in anisotropic-

of the swollen fiber to produce a composite material with isotropic poly(arylate)-poly(ether) systems. The resulting
diapersed domains of the conductive phase. Continsed materials allow for the introduction of either modest con-
dispersedominsof throductiem an e.ar on of centrations of liquid crystal structures which alter solvent
leytropolyerisatio produca sas annar rito resistance in the Isotropic phase or for modest con-

polypyrrole on the fiber . Oterior in analogy with centration of a segmented isotropic phase which permits
picrotrocture of these composite fiberas by trnaissio improvements in the mechanical ductility under transverse

conditions. The chemistry and morphological investigations
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which have permitted these conclusions will be discussed variety of systems that contain rod-like structures. In
along with preliminary mechanical properties. liquid crystalline materials alone, this should facilitate

control of non-linear optical properties, mechanical proper-
S5.9 ties, and electrical conductivity.

INORGANIC AND ORGANOMETALLIC PRINCIPLES IN THE
DESIGN OF MULTIFUNCTIONAL MATERIALS. D. Michael
P. Mingos. Inorganic Chemistry Laboratory. University
of Oxford. South Parks Road, Oxford OXI 3QR, U.K..

The prospects of using the properties of inorganic solids
with infinite structures in combination with the spectral,
magnetic and chemical characteristics of co-ordination
and organometallic compounds will be reviewed with
particular reference to their potential applications in
the electronics, sensors and optoelectronic fields.

Solid state inorganic chemistry provides a great variety
of thermally stable and optically transparent host
materials which have sufficiently large cavities for the
incorporation of small molecules. These include zeolites
with either spherical or cylindrical three dimensional
cavities, layered compounds with infinite two-dimensional
spaces and a variable third dimension. and pillared
materials with intersecting one-dimensional channels.
These structures may be chosen on the basis of a
particular function and a second introduced via the
incorporation of molecules in the cavities. Alternatively.
they may De viewed as neutral structural materials
and the multifunctionality can be introduced via the
incorporation of molecules with different spectral or
chemical properties.

As guest materials co-ordination and organometallic
compounds have the following properties which are
important in the context of multifunctionality the
ability to co-ordinate small molecules such as 0 so
H reversibly, distinct reversible electroc-emic 1
pioperties, electronic transitions which show an enormous
variation in extinction coefficients and oscillator
strengths, polarised spectral transition and electrical
conductivity, properties.

S5.10

MODELLING MICROSTRUCTURE IN MATERIALS THAT CONTAIN
ANISOTROPIC PARTICLES. Christopher Viney, Department of
Materials Science and Engineering, University of Washington,
Seattle, WA 98195; and Larry A. Chick, Battelle Pacific
Northwest Laboratory, P.O. Box 999, Richland, WA 99352.

A thermodynamic analysis was developed by Flory to predict
liquid crystalline phase separation in solutions of rod-like
molecules. We have adapted this approach to model the for-
mation of clusters in rigid-rod reinforced composites. ini-
tially for athermal behavior. In Flory's work, the
necessary quantification of configurational entropy is
obtained from a lattice model.

Our method uses a Monte Carlo simulation to calculate
entropy, providing some significant advantages relative to
the lattice model. Firstly, a number of approximations are
eliminated from the calculations. Secondly, we are able to
draw pictures of microstructures that are generated by ran-
dom placement of rods, and so obtain a measure of the mini-
mum domain (cluster) size as well as the minimum degree of
order within domains. Given sufficient microstructural
mobility (represented by simulated annealing), we expect
coarsening of domain size and an increase in perfection of
alignment to occur, towards the monodomain microstructure
implicit to Flory's model. The average number of con-
figurations that must be explored In order to achieve a
given degree of coarsening can be related to coarsening
times in real microstructures.

When extended to include usoft" interactions between rods,
our studies will enable prediction of microstructure in a
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FRACTAL ASPECTS OF MATERIALS 11:30 T1.8
TWO-STAGE AGGREGATION OF A NON-AQUEOUS GOLD

November 28 - December 1, 1989 COLLOID, B.J. Oliver and C.M. Sorensen,
Kansas State University, Department of

SESSION TI: PATTERN FORMATION AND GROWTH Physics, Manhattan, KS; E.B. Zuckerman and
Chair: B. Mandelbrot K.J. Klabunde, Kansas State University,

Tuesday Morning, November 28 Department of Chemistry, Manhattan, KS.
Staffordshire Room (W)

8:30 *TI.I SESSION T2: FRACTAL MEASURES AND
BREATH FIGURES: DROPLET CONDENSATION PAT- PATTERN FORMATION II
TERNS ON SURFACES, Charles M. Knobler, Chair: Farid Abraham
University of California, Los Angeles, Tuesday Afternoon, November 28
Department of Chemistry and Biochemistry, Staffordshire (W)
Los Angeles, CA.

1:30 *T2.1
9:00 *TI.2 FRACTAL MEASURES OF POROUS MEDIA, Claude

SELF-ORGANIZED CRITICALITY AND AVALANCHE Tricot, cole Polytechnique, Department of
DYNAMMICS IN A DROPELET GROWTH MODEL WITH Applied Mathematics, Montreal, Canada.
SLIDING, Ferevdoon Family, Emory University,
Department of Physics, Atlanta, GA. 2:00 T2.2

A LOCAL PERTURBATION NOTION APPLIED TO ROUGH
9:30 *TI.3 SURFACE ANALYSIS, D. Wehbi, J.F. Quiniou, C.
FRACTALS AND NUCLEATION, W. Klein, Boston Roques-Carmes, ENSM-LMS, Besancon, France;
University, Physics Department, Boston, MA. and C. Tricot, tcole Polyteghnique de Mon-

treal, Montreal, Canada.
10:00 BREAK

2:30 T2.3
10:30 T1.4 ELECTROMAGNETIC AND OPTICAL WAVE SCATTERING
KINETICS OF SPINODAL DECOMPOSITION IN A FROM FRACTAL OBJECTS, Xiaoauana Sun and
POLYMER SOLUTIPN, R. Bansil and J. Lal, Dwight L. Jaggard, University of Pennsyl-
Boston Universit,,, Boston, MA. vania, Moore School of Electrical Engineer-

ing, Philadelphia, PA.
10:45 T1.5
FRACTAL DIMENSIONS IN QUASICRYSTAL GROWTH 3:00 BREAK
MODEL, Z.M. Wang, York University, Physics
Department, Ontario, Canada, and Chinese 3:30 *2J.
Academy of Sciences, Beijing, China; and EVIDENCE OF CRITICAL BEHAVIOR IN A RANDOM
K.Y. Szeto, York University, Physics Depart- FRACTAL AUTOMATION, G.M. Dimino, University
ment, Ontario, Canada. of California at Santa Cruz, Physics Board

of Studies, Santa Cruz, CA; and J.H.
11:00 T1.6 Kaufman, IBM Almaden Research Center, IBM
PARTICLE-CLUSTER GROWTH OF AGGREGATES AT AN Research Division, San Jose, CA.
INTERFACE, C. Allain, M. Cloitre, Campus
Universitaire, Lab FAST, Orsay, France. 4:00 T2.5

INFORMATION DIMENSION AS A MEASURE OF FRAC-
11:15 T1.7 TAL DISORDER, Panos Aravrakis, IBM Corpora-
STATISTICAL PROPERTIES OF GENERALIZED AG- tion, Scientific Engineering Computations,
GREGATION SYSTEM WITH INJECTION, L Kingston, NY.
Takayasu, Boston University, Department of
Physics, Boston, MA; and Kobe University, 4:30 T2.6
Earth Science, Kobe, Japan. RANDOM WALK SIMULATION OF SOLVABILITY THEORY

FOR THE SAFFMAN-TAYLOR PROBLEM, D.C. Hong,
Lehigh University, Physics Department and

*Invited Paper Center for Polymer Science and Engineering,
Bethlehem, PA; and H. Guo, McGill Univer-

Short Course C-09, "Fractals: Concepts and sity, Physics Department, Quebec, Canada.
Applications in Materials Science and En-
gineering," may be of interest to symposium
attendees. Details regarding course dates
and instructors are provided in the short
course section of this program.

627



SESSION T3: FRACTURE 11:30 T3.9
Chair: Paul Meakin APPLICATION OF FRACTAL GEOMETRY TO DAMAGE

Wednesday Morning, November 29 MODELING IN ADVANCED MATERIALS, Ted L.
Staffordshire (W) Anderson, Texas A&M University, Department

of Mechanical Engineering, College Station,
8:30 T3.1 TX.

FLUCTUATIONS IN PHOTON EMISSION DURING EPOXY
FRACTURE: EVIDENCE FOR CHAOS, Zhenyi Ma, JOINT SESSION T4/UI0: SIZING AND
J.T. Dickinson, and S.C. Langford, Washing- SCALING EFFECTS
ton State University, Department of Physics, Chair: Bill Klein
Pullman, WA. Wednesday Afternoon, November 29

America North (W)
9:00 T3.2

FRACTURE AS A FRACTAL PROCESS: THEORY & 1:30 ±213A10,1
EXPERIMENT, T.J. Mackin, J.J. Mecholsky Jr. FRACTAL STRUCTURE AND DYNAMICS OF TWO FLUID
and D.E. Passoja, The Pennsylvania State FLOW IN POROUS MEDIA, Jens Feder, University
University, University Park, PA. of Oslo, Department of Physics, Oslo, Nor-

way.
9:30 T3.3
STRUCTURE ANALYSIS OF FRACTURE SURFACES 2:00 T4.2/UIO.2
USING SCANNING TUNNELING MICROSCOPY, D.A. NUMERICAL AND ANALYTICAL MODELS OF TRANSPORT
Bonnell and M.W. Mitchell, The University of IN POROUS CEMENTITIOUS MATERIALS, Edward J.
Pennsylvania, Materials Science Department, Garboczi and Dale P. Bentz, National In-
Philadelphia, PA. stitute of Standards and Technology, Build-

ing Materials Division, Gaithersburg, MD.
10:00 BREAK

2:15 T4.3LUI0.3
10:15 T3.4 SIZING REQUIREMENTS FOR FLOW-THROUGH GEOCHE-
FRACTAL EFFECTS AND PERCOLATION OF MATERIAL MICAL TESTS: THEORETICAL CONSIDERATIONS,
FRACTURE, Dengshi Huang, Sichuan Economic MODEL RESULTS, AND IMPLICATIONS FOR THE
Management College, Department of Basic INTERPRETATION OF TEST DATA, J.D. Hoover and
Science, Chendu, China. E.C. Thornton, Westinghouse Hanford Company,

Richland, WA.10:30 T3.5

FRACTAL NATURE OF FRACTURE SURFACE, Gongwen 2:45 T4,AAI1LA
Eg and Decheng Tian, Wuhan University, A LAGRANGIAN REACTIVE TRANSPORT SIMULATOR
Physics Department, Wuhan, China. WITH MULTIPLE PATHS AND STATIONARY-STATES:

CONCEPTS, IMPLEMENTATION AND VERIFICATION,
10:45 T3.6 R.B. Knapp, University of California, Lawr-
PERCOLATION PROPERTIES OF RANDOM TWO- ence Livermore National Laboratory, Earth
DIMENSIONAL POISSON FRACTURE NETWORKS, kunal Sciences Department, Livermore, CA.
Ghosh, Jackson State University, Jackson,
MS; Kevin Hestir, New Mexico State Univer- 3:00 BREAK
sity, Las Cruces, NM; and Jane Long,
Lawrence Berkeley Laboratory, Berkeley, CA. 3:30 *T4.5/UI0.5

FRACTAL CHARACTERISTICS OF FRACTURE NETWORKS
11:00 T3.7 AND FLUID MOVEMENT IN ROCK, ChristoDher C.
THE FRACTAL NATURE OF THE CRAZE PATTERN Barton, U.S.Geological Survey, Department MS
DEVELOPED IN MODE I FRACTURE OF POLYMERIC 913, Denver, CO.
MATERIALS, Yuhong Ni and J.C.M. Li, Univer-
sity of Rochester, Materials Science Pro- 4:00 2iL6LtQ.6
gram, Mechanical Engineering Department, FLOW TO WELLS IN FRACTURED ROCK WITH FRACTAL
Rochester, NY. STRUCTURE, Jim Polek, Kenzi Karasaki and

Jane Long, Lawrence Berkeley Laboratory,
11:15 T3.8 Berkeley, CA; and John Barker, British
WEIBULL PLOTTING OF A FRACTAL DISTRIBUTION Geological Survey, Oxfordshire, United
OF FLAWS, John F. Wight and James W. Kingdom.
Laughner, Alfred University, New York State
College of Ceramics, Ceramic Engineering
Department, Alfred, NY.

628



4:15 T4.7!UI0.7 11:30 T5.6

ANISOTROPIC SCALING OF INTERFACES IN POROUS SMALL ANGLE X-RAY AND NEUTRON SCATTERING
MEDIA, Miguel A. Rubio, Haverford College, FROM A FRACTAL DIFFUSION FRONT, Michel Rosso
Department of Physics, Haverford, PA, and and Bernard Sapoval, Laboratoire de Physique
UNED, Madrid, Spain; Andrew Dougherty, de la Matiere Condensee, Ecole Polytechni-
Haverford College, Department of Physics, que, Palaiseau, France.
Haverford, PA; and Jerry P. Gollub, Haver-
ford College, Department of Physics, Haver- SESSION T6: SURFACES 11
ford, PA; and University of Pennsylvania, Chair: Jackie Krim
Philadelphia, PA. Thursday Afternoon, November 30

Staffordshire (W)
4:30 Ti1111Q.8
SIZING AND SCALING REQUIREMENTS OF A LARGE- 1:30 *T6.1
SCALE PHYSICAL MODEL FOR CODE VALIDATION, R. THE GROWTH OF SELF-AFFINE FRACTAL SURFACES,
Khaleel, T. LeGore and J.D. Hoover, West- Paul Meakin, E. I. duPont de Nemours & Co.,
inghouse Hanford Company, Richland, WA. inc., Central Research and Development, Wil-

mington, DE.
4:45 T4.9/10.9

PERFORMANCE OF CONCRETE BARRIERS IN RADIOAC- 2:00 T6.2
TIVE WASTE DISPOSAL IN THE UNSATURATED ZONE, PATTERN FORMATION AND CHARACTERIZATION FOR
John C. Walton and Mark D. Otis, Idaho BIOLOGICAL MATERIALS, Charles Thompson and
National Engineering Laboratory, Idaho Kavita Chandra, University of Lowell, Labor-
Falls, Idaho. atory for Advanced Computation, Department

of Electrical Engineering, Lowell, MA.
SESSION T5: SURFACES I

Chair: A. Hurd 2:30 T6.3
Thursday Morning, November 30 VISCOUS FINGERING EXPERIMENT WITH PERIODIC

Staffordshire (W) BOUNDARY CONDITIONS, J.V. Maher and Hong
Zhao, Department of Physics and Astronomy,

8:30 *T5.1 University of Pittsburgh, Pittsburgh, PA.
CAPILLARY CONDENSATION ON FRACTAL SURFACES,
P. Pfeifer, J. Kenntner, University of 3:00 BREAK
Missouri, Physics Department, Columbia, MO;
and M.W. Cole, Pennsylvania State Univer- 3:30 T6.4
sity, Physics Department, University Park, FRACTAL DIMENSION OF NATURAL POLYMERS, Louis
PA. Piscitelle and Ronald Segars, U.S. Army

Natick Research, Development and Engineering
9:00 T5.2 Center, Department STRNC-UE, Natick, MA.

CHARACTERIZATION OF THE SURFACE FRACTAL
DIMENSION AND ROUGHNESS OF EVAPORATED SILVER 4:00 T6.5
FILMS VIA ADSORPTION ISOTHERM MEASUREMENTS, FRACTAL VS. SUB-FRACTAL: CLOUD RADIANCE AND
J. Krim, V. Panella, and A. Sarkissian, OCEAN SURFACE DATA, Patricia H. Carter and
Northeastern University, Physics Department, Robert Cawley, U.S. Department of the Navy,
Boston, MA. Naval Surface Warfare Center, Silver Spring,

MD.
9:30 T5.3
HYDROGEN, NEON AND NITROGEN ADSORPTION 4:30 T6.6
ISOTHERMS ON POROUS VYCOR GLASS, LEHue, FRACTAL CHARACTERIZATION OF POROUS SILICA
Harvard University, Department of Physics, GELS BY GPC, Houqiang Li, Ying Li and
Cambridge, MA; and C.A. Huber, University of Huaming Zhao, Sichuan University, Department
Puerto Rico, Rio Piedros, Puerto Rico. of Chemistry, Chengdu, China.

10:00 BREAK

10:30 T5.4
(ABSTRACT WITHDRAWN)

11:00 T5.5
SMALL ANGLE X-RAY SCATTERING APPLIED TO
INVESTIGATE THE FRACTAL PROPERTIES OF COAL
AND OTHER POROUS CARBON-BASED MATERIALS, M.
Reich, S. Russo, I.K. Snook, and H.K.
Wagenfeld, Royal Melbourne Institute of
Technology, Melbourne, Australia.



SESSION T7: POSTER SESSION T7.10 MULTIPLE SCATTERING IN POWER-LAW
Chair: V. Castano CORRELATED MEDIA, J.R. Melrose, D.

Thursday Evening, November 30 Sherrington, Imperial College, The Blackett
7:00 p.m. - 10 p.m. Laboratory, London, United Kingdom; S.
America Ballroom (W) Sarker, RSRE, Worcester, United Kingdom.

T7.1 A NEW TECHNIQUE TO DIFFERENTIATE T7.13 SMALL-ANGLE X-RAY SCATTERING
BETWEEN GEMINATE AND NONGEMINATE RECOM- STUDIES OF BONE POROSITY, Paul W. Schmidt,
BINATION OF EXCITONS IN DISORDERED MEDIA, University of Missouri, Physics Department,
Jagdish Prasad and Raoul Kopelman, The Columbia, MO; David Avnir, The Hebrew Uni-
University of Michigan, Department of Chem- versity of Jerusalem, Department of Organic
istry, Ann Arbor, MI. Chemistry, Jerusalem, Israel; A. Bivas, A.

Weinreb, Hebrew University, Department of
T7.2 STEADY-STATE REACTIONS ON FRACTALS: Physics, Jerusalem, Israel; Armin R611 and
RATE LAWS AND SELF -ORGANIZATION, Eric David Neison, University of Missouri,
Clement and Raoul Kopelman, The University Physics Department, Columbia, MO.
of Michigan, Department of Chemistry, Ann
Arbor, MI; and Leonard M. Sander, The Uni- T7.12 SMALL-ANGLE X-RAY SCATTERING FROM
versity of Michigan, Department of Physics, THE SURFACES OF REVERSED-PHASE SILICAS:
Ann Arbor, MI. POWER-LAW-SCATTERING EXPONENTS OF MAGNITUDES

GREATER THAN FOUR, Paul W. Schmidt, Univer-
7.3 EXCITATION TIME MODULATION STUDIES sity of Missouri, Physics Department, Colum-

OF MOLECULAR AGGREGATES IN DOPED POLYMERS, bia, MO; David Levy, The Hebrew University
Zhong-You Shi, Irene E. Newhouse and Raoul of Jerusalem, Department of Organic Chemis-
Kopelman, The University of Michigan, Depar- try, Jerusalem, Israel; Axel H6hr, Univer-
tment of Chemistry, Ann Arbor, MI. sity of Missouri, Physics Department, Colum-

bia, MO; and David Avnir, The Hebrew Univer-
T7.4 PULSED VS. STEADY-STATE EXCITON sity of Jerusalem, Department of Organic
RECOMBINATION KINETICS: EXPERIMENTS AND Chemistry, Jerusalem, Israel.
SIMULATIONS ON PORES, POWDERS AND RANDOM
MEDIA, Stephen J. Parus, Zhong-You Shi and T7.13 FRACTAL DEGRADATION OF RADIATED
Raoul Kopelman, The University of Michigan, MACROMOLECULES, Houqiang Li, Ying Li and
Department of Chemistry, Ann Arbor, MI. Huaming Zhao, Sichuan University, Department

of Chemistry, Chengdu, China.
T7.5 REACTANT TRAPPING AND STEADY-STATE
SELF-ORDERING ON FRACTALS, Lola W. Anacker T7.14 MULTIFRACTAL FEATURES OF THE FRAC-
and Raoul Kopelnan, The University of Michi- TAL AGGREGATES AT DIFFERENT STAGES. L.J.
gan, Department of Chemistry, Ann Arbor, MI. Huang, Tsinghua University, Department of

Materials Science and Engineering, Beijing,
T7.6 HYDRODYNAMIC INSTABILITY IN CRYSTAL China; B.X. Liu, Tsinghua University, Center
MELTS, Charles Thompson and Vineet Mehta, of Condensed Matter and Radiation Physics,
University of Lowell, Laboratory of Advanced CCAST (World Lab), Department of Materials
Computation, Department of Electrical En- Science and Engineering, Beijing, China;
gineering, Lowell, MA. J.R. Ding and H-D. Li, Tsinghua University,

Department of Materials Science and Engine-
T7.7 GROWTH KINETICS IN A COAGULATION-- ering, Beijing, China.
FRAGMENTATION SYSTEM, Iman. M. Elminyami and
C.M. Sorensen, Kansas State University, T7.15 COMPOSED RECURRUNT SETS, Wen Zhi
Department of Physics, Manhattan, KS. Xi"g, Li Jia Nong and Wang Han Fei, Wuhan

University, Department of Mathematics,
ROLE OF AGGREGATION IN THE FORMA- Wuhan, China.

TION OF COLLOIDAL GOLD PARTICLES, Jun Liu,
M. Sarikaya, W.Y. Shih, W.H. Shih, and I.A. T7.16 VISCOUS FINGERING ON 2D LATTICE
Aksay, University of Washington, Washington MODELS NEAR THE PERCOLATION THRESHOLD, L.
Technology Center, Department of Materials Oxaal, F. Boger, J. Feder and T. Jossang,
Science and Engineering and Advanced Mater- University of Oslo, Department of Physics,
ials Program, Seattle, WA. Oslo, Norway.

T7.17 THE FRACTAL DIMENSION OF PERCOLA-
T7.9 THE EFFECT OF AGGREGATION ON COL- TION CLUSTERS, H.C. Akuezue, and J.
LOID CATALYSTS, J.R. Melrose, Imperial Stringer, Electric Power Research Institute,
College, The Blackett Laboratory, London, Palo Alto, CA.
United Kingdom.

T7.18 FRACTALS AND DIFFUSION PROCESSES,
Hanna Nencka, Jarocin Pozn., Poland.
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T7.19 LACUNARITY OF FRACTAL AGGREGATES, T29 SYNERGETICS PARADIGM & DICHOTOMY AS
C. Allain and M. Cloitre, Campus Univer- A SPECIAL CASE OF MODERN THEORY OF CRITICAL
sitaire, Lab FAST, Orsay, France. PHENOMENA: FRACTAL-GEOMETRY = SCALE-INVARI-

ANCE, Edward Siegel, Synergetics Paradigm
T7.20 LINEAR CORRELATION OF FRACTAL and Dichotomy, San Francisco, CA.
DIMENSION VERSUS MAGNETIC INTERACTION, B.X.
Liu, Tsinghua University, Center of Con- T7.30 AUTOMATIC MATHEMATICAL CATASTROPHE
densed Matter and Radiation Physics, CCAST ("AUTMATHCAT") AT EVEN INTEGER CRITICAL-
(World Lab), Department of Materials Science DIMENSIONS D=dcSt-(l+l)=2 & D=dcSt-(3+1)=l
and Engineering, Beijing, China; and J.R. SURERUNIVERSALITY IN MATHEMATICS DOMINATING
Ding, Tsinghua University, Department of PHYSICS, Edward Sieggl, Synergetics Paradigm
Materials Science and Engineering, Beijing, and Dichotomy, San Francisco, CA.
China.

T7.3 SYNERGETICS PARADIGM & DICHOTOMY:
T7.21 FRACTAL MAGNETIZATION ON HIERARCHI- SELF-ORGANIZED-CRITICALITY, AUTOMATIC MATHE-
CAL LATTICES, W.A.M. Morgado, S. Coutinho MATICAL CATASTROPHES ("AUTMATHCATS"), MODERN
and E.M.F. Curado, Centro Brasileiro de THEORY OF CRITICAL PHENOMENA, INFINITE
Pesquisas Fisicas, Rio De Janeiro, Brazil. CONDUCTANCE FLUCTUATIONS, FRACTAL-CRYPTO-

GRAPHY, -LITHOGRAPHY, -FILIMENTATION-SUPER-
T7.22 DYNAMIC PROPERTIES OF SOL-GELS, CONDUCTIVITY: SUPYRUNIVERSALITY CLASS &
J.E. Martin and D. Adolf, Sandia National CROSSOVER VIA DIMENTIONALITY UNCERTAINTY
Laboratories, Albuquerque, NM. FLUCTUATION: FRACTAL-DIFFRACTAL CALCULUS,

Edward Siegel, Synergetics Paradigm &
T7.23 WAVELET TRANSFORMATION OF FRACTALS Dichotomy, San Francisco, CA.
OBSERVED IN THIN SOLID FILMS, J.R. Ding and
L.J. Huang, Tsinghua University, Department T7.32 SUPERUNIVERSAITY CLASS & CROSSOVER
of Materials Science and Engineering, Beij- OF SYNERGETICS PARADIGM & DICHOTOMY MANIFES-
ing, China; and B.X. Liu, Tsinghua Univer- TATION OF CONSEQUENCES OF SCALE-INVARIANCE
sity, Center of Condensed Matter and Radia- (=FRACTAL-GEOMETRY) THROUGHOUT PHYSICS
tion Physics, CCAST (World Lab), Department DOMINATING PHYSICS, Edward Siegel, Syner-
of Materials Science and Engineering, Beij- getics Paradigm & Dichotomy, San Francisco,
ing, China. CA.

T7.24 ANALYTICAL EXPRESSIONS FOR THE T73 DIMENSIONAL-CALCULUS OF DIMENSION-
PERMEABILITY OF RANDOM TWO-DIMENSIONAL THEORY IMPLEMENTATION OF SYNERGETICS PAR-
POISSON FRACTURE NETWORKS, Kevin Hestir, New ADIGM & DICHOTOMY "COMMON FUNCTIONING PRIN-
Mexico State University, Las Cruces, NM; CIPLE" PARS IMONY-OF-DICHOTOMY DOMINATION
Jane Long., Lawrence Berkeley Laboratory, OVER SPECIFICITY-OF-COMPLEXITY, Edward
Earth Sciences Division, Berkeley, CA; and Sigel, Synergetics Paradigm and Dichotomy,
Kunal Ghosh, Jackson State University, San Francisco, CA.
Jackson, MS.

T7.34 FORMATION OF FRACTAL PATTERNS OF
T7.25 FRACTAL ASPECTS OF HYDROGENATED MOO3_x CRYSTALS DURING PHASE TRANSFORMATION,
AMORPHOUS AND MICROCRYSTALLINE SILICON, R.C. Jizhong Zhana, Tsinghua University, Depart-
van Oort, J.C. van den Heuvel, M.J. Geerts, ment of Materials Science and Engineering,
Delft University of Technology, Faculty of Beijing, China.
Electrical Engineering, Delft, The Nether-
lands. T7.35 MULTIFRACTAL POROUS ROCK, J-

Muller, J.L. McCauley, J.P. Hansen and A.T.
T726 CHAIN COFORMATION OF IONOMERS IN A Skjeltorp, Institute for Energy Technology,
NON-POLAR SOLVENT, D.C. Hong, Lehigh Univer- Kjeller, Norway.
sity, Physics Department and Center for
Polymer Science and Engineering, Bethlehem, T7.36 CHARACTERIZATION OF THE MECHANICAL
PA. FAILURE SURFACES OF ENERGETIC MATERIALS BY

POWER SPECTRAL TECHNIQUES, M. Yvonne D.
T7.27 THE DIFFUSION COEFFICIENT OF A La!et, James J. Pinto, U.S. Army ARDEC,
REPTATING POLYMER, J.M. Deutsch and T.L. Picatinny Arsenal, NJ; and A. Wolfe, New
Madden, University of California at Santa York City Technical College, Brooklyn, NY.
Cruz, Department of Physics, Santa Cruz, CA.

T7,28 DIFFUSION OF LINEAR POLYMERS IN
GELS, S. Pajevic, R. Bensil, and C. Koftk,
Boston University, Boston, MA.
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SESSION T8: GELATION SESSION T9: DLA. ELECTRODEPOSITION
Chair: D. Adolf KINETICS

Friday Morning, December 1 Chair: H.E. Stanley
Staffordshire (W) Friday Afternoon, December 1

Staffordshire (W)
8:30 *T8.l

BROWNIAN DYNAMICS OF BRANCHED POLYMERS, M.E. 1:30 *Tg.1
Cates, Cavendish Laboratory, Cambridge, FIXED SCALE TRANSFORMATION APPROACH TO THE
United Kingdom. DIELECTRIC BREAKDOWN MODEL, L. Pietronero,

Universit& di Roma, Roma, Italy; A. Erzan,
9:00 T8.2 University of Groningen, Groningen, The

STATIC AND DYNAMIC PROPERTIES OF CONCENTRA- Netherlands; and Carl Evertsz, Yale Univer-
TED SOLUTIONS OF BRANCHED POLYMERS ELABORA- sity, New Haven, CT.
TED NEAR GELATION THRESHOLD, M. Delsanti, M.
Adam, Service de Physique du Solide et de 2:00 *T9.2
Resonance Magndtique, Gif-sur-Yvette, GEOMETRICAL MULTIFRACTALITY OF DIFFUSION
France; J.P. Munch, Universite Louis-Pas- LIMITED AGGREGATES, Tamas Vi-e k, Emory
teur, Laboratoire de Spectrometrie et d'Im- University, Department of Physics, Atlanta,
agerie Ultrasonores, Strasbourg, France and GA, and Institute for Technicl Physics,
Service de Physique du Solide et de Reson- Budapest, Hungary; Fereydoon Family, Emory
ance Magn~tique, Gif-sur-Yvette, France; and University, Deparatment of Physics, Atlanta,
D. Durand, Universite du Maine, Laboratoire GA; and Paul Meakin, E.I. duPont de Nemours
de Chimie et Physico-Chimie Macromolecu- & Co., Inc., Wilmington, DE.
laire, Le Mans, France.

2:30 T9.3
9:30 *T8.3 ON THE MORPHOLOGY OF COPPER ELECTRODEPOSITS,
DYNAMICS OF POLYMER GELATION, MiQalI J.R. Melrose, Imperial College, The Blackett
Riknstein, Eastman Kodak Company, Corporate Laboratory, London, United Kingdom; D.B.
Research Laboratories, Rochester, NY. Hibbert, University of New South Wales, The

Department of Analytical Chemistry, Sydney,
10:00 BREAK Australia.

10:30 T8.4 3:00 BREAK
KINETIC GELATION IN SYSTEMS WITH AGGREGA-
TION, BREAKUP, AND FLOW, R. Dennis Vigil and 3:15 T9.4
Robert M. Ziff, University of Michigan, RANDOM WALKS AND THE DOUBLE LAYER IMPEDANCE,
Department of Chemical Engineering, Ann Thomas C. Halsey and Michael W. Leibig, The
Arbor, MI. James Franck Institute and The University of

Chicago, Department of Physics, Chicago, IL.
11:00 T8.5
ELASTIC PROPERTIES OF COLLOIDAL GELS, LIL 3:30 T9.5
Sh1ih, J. Liu, W.Y. Shih, M. Sarikaya and BROWNIAN TRAIL RECTIFIED, Alan J. Hurd and
I.A. Aksay, University of Washington, Wash- Pauline Ho, Sandia National Laboratories,
ington Technology Center, Department of Albuquerque, NM.
Materials Science and Engineering and Ad-
vanced Materials Technology Program, Seat- 3:45 T9.6
tle, WA. EQUILIBRIUM SIZE AND SHAPE OF RANDOM AG-

GREGATES, H.C. Akuezue, and J. Stringer,
11:15 T8.6 Electric Power Research Institute, Palo
BRILLOUIN AND RAMAN SCATTERING FROM FRACTAL Alto, CA.
MATERIALS, J.L. Stehle, and P. Evrard,
SOPRA, Bois-Colombes, France; V. Maz- 4:00 T9.7
zacurati, Universita degli Studi di Roma, SELF-ORDERING AND KINETICS OF EXCITATIONS IN
Roma, Italy; G. Ruocco, Universita degli LOW DIMENSIONS AND DISORDERED MEDIA, RaoulStudi di L'Aquila, L'Aquila, Italy; and JUL. Kopelman, Lola W. Anacker, Panos Argyrakis,

Willis and L.C. Hammond, ARIES/QEI, Concord, Eric Clement, Laurel Harmond, Li Li, James
MA. S. Newhouse, Stephen J. Parus, Rodney

Schoonover, The University of Michigan,
11:30 T8.7 Department of Chemistry, Ann Arbor, MI; and
MULTIFRACTAL STRUCTURE OF POLYMER-MODIFIED Leonard Sander, The University of Michigan,
CEMENT PASTES, V.M. Castaho, UNAM, Instituto Department of Physics, Ann Arbor, MI.
de Fisica, Mexico, M~xico; and P.W. Schmidt,
University of Missouri, Physics Department,
Columbia, MO.
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4:30 T9.8
FRACTAL-LIKE EXCITON FUSION KINETICS IN
DILUTE POLYMER BLENDS, Raoul Kopelman,
Ching-Shan Li and Zhong-You Shi, The Univer-
sity of Michigan, Department of Chemistry,
Ann Arbor, MI.

4:45 T9.9
GROWTH PROBABILITY DISTRIBUTION OF DISCON-
TINUOUSLY BRANCHING TREE MORPHOLOGY DEVEL-
OPED AT AgCo/NaCl INTERFACE BY ION IRRADIA-
TION, B.X. Liu, Tsinghua University, Center
of Condensed Matter and Radiation Physics,
CCAST (World Lab), Department of Materials
Science and Engineering, Beijing, China; and
C.H. Shang, Tsinghua University, Department
of Materials Science and Engineering, Bei-
jing, China.
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T1.1 The classical theory of nucleation predicts that the decay from the

BREATH FIGURES: DROPLET CONDENSATION PAT- metastable state is initiated by compact clusters or droplets with
TERNS ON SURFACES. Charles M. Knobler, Department of well defined interiors and surfaces that can be treated separately.
Chemistry and Biochemistry. UCLA, Los Angeles, CA. Indeed, it is the free energy cost of creating the surface that is, ac-

cording to the classical theory, responsible for the existence of the
Breath Figures are the patterns that form on surfaces when droplets metastable state.
of a partially wetting or non-wetting fluid nucleate and grow under
conditions of constant supersaturation. Experimental studies by Computer simulations have indicated that the classical theory cor-
microscopy and light scattering of condensation of water on rectly describes the nucleation for systems with short range inter-
silanized glass surfaces have revealed two distinct stages of growth. actions (1,2) but not for systems with moderate and long range
In the early stages, droplets grow independently and the radius fol- forces (3,4). In systems with long range interactions well defined
lows a power law roct. There is a crossover to coalescence- spinodals (5,6) and the associated drop in surface tension produce
dominated growth in which the average radius < r > also follows a critical droplets that are fractal in nature. (7,8)
power law but with an exponent a' = 3a. In this regime, spatial
correlations develop between droplets, the surface coverage and We discuss the nature of nucleation in magnetic systems with long

polydispersity remain constant, and the pattern is self-similar, de- range forces as well as the implication of these results for the prob-
pending only on a single characteristic length, <r>. Insight into lem of crystallization.
the process has been obtained by computer simulations, which re-
produce the observations in detail, and by a scaling analysis, which I. D. Stauffer, A. Coniglio and D.W. Heermann, Phys. Rev. Lett.
shows that the relation between a and a' depends on the dimen- 49, 1299 (1982)
sionality of the droplets and that of the condensing surface. Con- 2. D.W. Heermann, A. Coniglio, W. Klein and D. Stauffer, J.
nections will be made to other processes including the vapor Stat. Phys. 36, 447 (1984)
deposition of metals. 3. D.W. Heermann and W. Klein, Phys. Rev. Lett. 50, 1062 (1983)

T1. 2 4. L. Monette, W. Klein, M. Zuckermann, A. Khadir and R.
Harris, Phys. Rev. B38 11607 (1988)

SELF-ORGANIZED CRITICALITY AND AVALANCHE DY- 5. D.W. Heermann, W. Klein and D. Stauffer, Phys. Rev. Lett.
NAMICS IN A DROPELET GROWTH MODEL WITH SLID- 49, 1262 (1982)
ING. Fereydoon Family, Department of Physics, Emory 6. M. Novotny, W. Klein and P. Rikvold, Phys. Rev. 333, 7729
University, Atlanta, GA 30322 (1986)

7. W. Klein and C. Unger, Phys. Rev. B28, 445 (1983)
What is the origin of the long-range spatial and temporal corre- 8. C. Unger and W. Klein, Phys.Rev. B29, 2698 (1984)
lations that are commonly observed in many open dissipative sys-
tems? This question has attracted considerable attention in recent T1.4
years. The existence of a stationary state in a simple model of sand KINETICS OF SPINODAL DECOMPOSITION IN A
pile has prompted Bak et al to propose that the type of scale- POLYMER SOLUTION. R. Bansil and J. Lal, Boston University.
invariant avalanches that occur in the sand pile model might be re-
lated to the scaling and fractal behavior in other open systems. The Spinodal decomposition in polymer systemf is of interest because
existence of minimally stable states may explain the dynamics be- of their long range interactions. We studied the dynamics of
hind scaling and power law behavior generally observed in fractal spinodal decomposition in polystryene-cyclohexane solution using
systems. small angle light scattering and quasi-elastic light scattering tech-

niques. The light scattering set up consisted of a conical lens system
We have investigated a model of droplet deposition, coalescence and which was used to measure the time evolution of the structure fac-
avalanche. Our model may mimic processes such as the falling of tor S(K,t) at various times t after quenching the sample from a
dew on a cobweb or the flow of rain drops on a window pane. We temperature in the one phase region to a temperature T < the
begin by randomly adding droplets to a system and once a given spinodal temperature T,. Qualitatively we observe the usual fea-
droplet reaches a critical mass, it falls along a preferred direction in tures of spinodal decomposition, i.e. a diffration ring which col-
the system and in the process coalesces and removes all the droplets lapses and grows in intensity with time. However a quantitative
that it comes in contact with. We have used both lattice and off- analysis of the data suggests that the scaling relations and growth
lattice models and have investigated the basic dynamical features laws differ from those found in polymer blends and solutions; for
of the system, including the distribution of avalanche size and the e.g. the wave vector K-.t where a - 1/2 in contrast to the usual
time interval between avalanches. We find scaling behavior in some result a = 1/3 for binary liquids. The scaling behavior of the
of the properties of the system, but no power law decay is observed structure factor S(K,t) is also quite different and varies with quench
in the auto-correlation function for mass transport. This suggests depth. Results from two different molecular weights will be pre-
interesting differences between self-organized criticality in the sand sented. Comparison on this system with polymer blends, polymer
pile model and the behavior of our model, gels and binary mixtures will be discussed.

* This work was carried out in collaboration with Z. Cheng, P. *Supported by NSF
Meakin, and S. Redner and was supported by ONR and Petroleum
Research Fund. T1 .5

T1.3 FRACTAL DIMENSIONS IN QUASICRYSTAL GROWTH MODEL

FRACTALS AND NUCLEATION. W. Klein, Boston University, Z.M. S and K.Y.Sseto Physics Department, York University, Tbranto,

Physics Department. Ontario M33 1P3, Canada
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The fractal dimension of two-dimensional binary structures with five-fold experimental fact that the distribution of
symmetry is investigated using a quenched growth alogorithm [1]. This al- relative velocity in fully developed turbulence
gorithm has two sets of parameters: the interaction energies E.0 between follows a Lorentzian.
the a and 0 species, and the linear box size J on the growing surface. We We also report a strange multifractal property
find various phases as a function of energy parameters. The box size is re- of this system, that is, the f-a spectrum is
lated to growth rate and diffusion process. The fractal dimensions using the characterized by a single point(for example,
radius of gyration[2] are calculated for systems up to 10,000 particles with f =1 a=3) but the generalized dimension D.
different box sim and in different phases. It is found that there are steps becomes a curve.
in the frsctal dimension across a phase boundary. T1.8

TnO-STAGE AGGREGATION OF A NON-AQUEOUS GOLD COLLOID.*

B.J. Olivier and C.M. Sorensen. Department of Physics.
[1]. K.Y. Szeto and Z.M. Wang. (1989), (submitted to Phys. Rev. B.) [2]. E.B. Zuckerman and K.J. Klabunde, Department of

Chemistry, Kansas State University, Manhattan, KSStanley, H.E. (1977). J.Phys. AI0, L211. P. 339. 66506.

* On leave from the Chinese Academy of Scien~ces (Beijing) We have studied the dynamic behavior of a non-aqueous
aggregating gold aol using quasi-elastic light-

TI.6 scattering (QELS). Pyridine has been used to displace
the particle surface charge, inducing aggregation. By

PARTICLE-CLUSTER GROWTH OF AGGREGATES AT AN INTERFACE. varying pyridine concentration different aggregation

C. Allain, M. Cloitre, Lab. FAST, Bat. 502, Campus regimes were obtained.

Universitaire, 91405 Orsay Cedex FRANCE. The smaller pyridine concentrations resulted in a
unique aggregation regime. In this regime a two-stage

Small particles trapped at an horizontal fluid interface by cluster growth process has been observed. The first
surface tension forces exert capillary forces one on the stage of the growth process involves 4 to 5 nm
other. These forces make the particles stick together spherical gold monomers aggregating and forming

forming aggregates which exhibit self-similarity compact, larger gold spheres of approximately 30 na
radii. A second growth stage appears once the
particles have obtained the approximate 30 nm radius.

In order to elucidate the growth mecanism, we have Here, the compact gold spheres aggregate to form
performed a detailed study of the capillary interaction. We ramified, seemingly fractal clusters. Each stage is
have found that the vertical deformation of the interface characterized with a kernel homogeneity (A).
plays the role of a potential which is the solution of the Preliminary analysis shows the first stage has A-1/3
screened Laplace equation. The force to which is submitted while the second stage displays nearly exponential

a capillary monopole T placed in the capillary field C cluster growth. *Supported by NSF Grant CBT8709622
which derives from this potential is simply equal to F=TC. T2.1
T and C are function of the geometry of the particle, of FRACTAL MEASURES OF POROUS MEDIA. Claudc Tricot,
the different densities and of the contact angle. In Department of Applied Mathematics, Ecole Polvtechnique, C.P.
addition, we can also calculate the capillary field around
aggregates. 6079, Succ. A, Montreal (Quebec) H3C 3A7, Canada.

We have used these results to perform numerical simulations A characteristic index for porous sets is the order of growth of the
of particle-cluster aggregation induced by capillary hole sizes. It may be, in specific cases, related to fractal parameters
forces. Single particles are launched far away from an
origin by which they are attracted and where they stick (dimension of the residual set, dimension of its boundary, fat-fractal

irreversibly. The particles are not brownian and they move exponent). Relationships between this parameters are investigated
only because of the attractive interactions. This situation according to the topology of the set.
is completely different from the DLA model where the
particles undergo a brownian motion. When the radius of the
particles is of the order of the screening length, the We show how to extend the same methodology to other problems
aggregates are stringy with a fractal dimension of about such as:
1.2. When the radius is lower than the screening length, * fractal dimension of aggregates
the aggregates are compact at low length scales. These
observations can be understood in terms of the properties a two-sided dimension of a closed cure
of the capillary interaction. * connected networks in the 3-dimensional space.

'C. Allain. M. Cloitre, in *Universalities in Condensed
Matter*, Springer-Verlag, Berlin, 1988, p.146. T2.2

T1.7 A LOCAL PERTURBATION NOTION APPLIED TO ROUGH
SURFACE ANALYSIS. D. Wehbi, J.F. Quiniou, C. Roques-STATISTICAL PROPERTIES OF GENERALIZED AGGREGATION Carmes, ENSMM-LMS, 25030 Besancon Cedex, France; and C.

SYSTEM WITH INJECTION. H.Taka~asu, Department of ams NM - S,200BanoCec Fne;nd .
Tricot, Ecole Polytechnique de Montral, C.P. 6079, Succ. A.,

Physics, Boston Univ., Boston, MA02215 and Earth Montreal Quebec, Canada H3C 3A7.
Science, Kobe Univ., Kobe 657, Japan

We theoretically analyze statistical properties Classical Fourier transforms give a global analysis of signals. In

of an irreversible system which is governed by view of practical applications, we introduce a local approach based

random aggregation of real variables. In the upon the concept of perturbation.
presence of injection the system automatically For a given curve T, the first step consists in the parameterization
chooses a critical stationary state having a of T by a time-parameter t. Local areas are the image of time-
Power law distribution. The exponent of the power windows [t - e, f + r], in which a perturbation p(t,r) is measured.
depends both on the spatial dimension and on the
type of injection.

yppifingectisn. sseThe perturbation is minimal when the local arc is a straight seg-theoretical explanation for the recent ment. We may point out this general notion by using various
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mathematical definitions. These definitions may use statistics (mo- T2_5
ment of order n, min and max-values), or geometrical parameters INFORMATION DIMENSION AS A MEASURE OF FRACTAL DISORDER.
of T (convex hull, diameter,...). Panos Argyrakis, Department of Physics, 313-1, University of

Thessaloniki, 54006 Thessaloniki, Greece.
The best suitable definition of p(t,r) is selected according to the in- A new picture is presented that studies dynamic phenomena on
put - type of acquisition- or the output - efficiency of numerical the usual fractal stucture, such as the Sierpinski gasket,
calculations-data, the percolation clusters, etc. by evaluating the well-known

information function. This function has the form PlnP, i.e.
The order of growth of the average perturbation p (r) t O is related an entropic form, where P is some type of probabilityTohe ordefgral d sonathe oe rtu n Tmeasure. As an example we calculate the spectral dimensionto the fractal dimensionnality of T. for a random walk on a fractal. We find that scaling is
T2.3 fully obeyed, and that the numerical values of the scaling

exponents are in complete agreement with the previous
ELECTROMAGNETIC AND OPTICAL WAVE SCATTERING "classical* way. We cal cul ate all probability functions and
FROM FRACTAL OBJECTS. Xiaoguang Sun and Dwight L. show how the crossover to Euclidean behavior takes place.
Jaggard, Moore School of Electrical Engineering, University of
Pennsylvania, Philadelphia, PA 19104/6390. T2.6

RANDOM WALK SIMULATION OF SOLVABILITY THE-
In the coastline problem, the length of a rough coastline is deter- ORY FOR THE SAFFMAN-TAYLOR PROBLEM. D.C. Hong,
mined by measurements using yardsticks of decreasing length. Physics Department and Center for Polymer Science and Engineer-
Since increasingly fine structure of the coastline can be measured ing, Lehigh University, Bethlehem, PA 18015; H. Gun, Physics
or "seen" as the yardstick becomes shorter, its measured perimeter ing, Lehigh University , P a .u, Physic
or length will increase. The rate at which this perimeter increases Department, McGill University, Montreal, Quebec, Canada
with decreasing yardstick size, is a quantitative measure of the H3A2T8.
coastline roughness and hence its fractal dimension. In the problem
of wave interaction with fractal surfaces, the wavelength of the in- We test the prediction of the solvability theory in the Saffman-
cident wave acts as a yardstick which probes the fractal nature of Taylor problem by a random walk simulation. By a suitable mod-
the rough surfaces at different scales as its size is varied. In this ification of the surface tension in accord with the solvability theory,
way, the increasingly fine -structure of the rough objects can be we observe a dynamically stable cusp to develop on the finger pro-
'seen' as the wavelength becomes shorter. The fractal character- file leading to a substantial reduction in the finger width. Identify-
istics of these objects are embedded in their scattering properties as
the wavelength is changed. ing this cusp with that origination from the solvability theory, we

find an excellent agreement between the solvability theory and the
We consider the scattering of electromagnetic waves from a family simulation results.
of irregular rough objects characterized by bandlimited fractal
functions such as the bandlimited Weierstrass function. This
method provides a unified and realistic novel method for examining FLUCTUATIONS IN PHOTON EMISSION DURING EPOXY

FRACTURE: EVIDENCE FOR CHAOS.* Zbevyi Ma, Lrough objects without the use of random functions and averaging Dickinsn., and S. C. Langford, Department of Physics, Washington
techniques. We consider here canonical fractal objects such as State University, Pullman, WA 99164.
fractally corrugated surfaces, fractally corrugated cylinders, and
fractally fluted cylinders. The undisturbed incident field (Kirchhoff The fracture of a number of materials is accompanied by the emission
approximation or Born approximation) method is used in each case. of visible light. This photon emission (phE, or tribolumlnescence)
We find analytical expressions and carry out numerical calculations can be detected with a pbotomultiplier tube and digitized on sub-
for these fractal scattering problems. We relate the angular dis- microsecond time scales. We have examined the time series defined
tribution of the scattering field to the fractal descriptors including by successive pbE measurements for two materials, single crystal
the fractal dimension of these objects. MgO mad a brittle, unfilled epoxy, for evidence of chaos. Probability

distributions, antocorrelation functions, Fourier transforms, and the
T2.4 correlation Integral of Graosberger and Procaccla reveal nonstochastic

fluctuations indicative of chaotic behavior associated with a low
EVIDENCE OF CRITICAL BEIIAVIOR IN A RANDOM dimensional attractor. A significantly positive Lyaponov exponent
FRACTAL AUTOMATON. G. M. Dimino, Physics Board of estimate provides further evidence for chaos In the epoxy phE. We
Studies, U.C.S.C., Santa Cruz, CA; and J. HI. Kaufman, I.B.M. Re- also report fractal dimension measurements of the epoxy fracture
search Division, Almadcn Research Centcr, San Jose, CA. surface (D,). We find that D, is strongly correlated with a fractal

measure (two-dimensional box dimension) of the phE data. This
An automaton is described, in which growth is regulated by suggests that the progress of crack growth through the epoxy displays
connectivity and a simple self screening constraint. As the strength fractal features which are reflected Ia the accompanying phE.
of the screening is increased, the pattern evolves from compact to Possible correlations between D, sad other fracture parameters (e.g.
one dimensional, passing through an intermediate 'critical' fracture toughness) will also be discussed. phE from thbe unflled

epoxy will be compared with phE from a similar epoxy filled withThis state qualitatively resembles, and has a fractal dimension similar alumina particles. The filled epoxy displays an important additional
to that found in Witten-Sander aggregates, D - 5/3. fracture mode (later'acial failure) and phE mechanism (involving

charge separatioa at epoxylalumina interface).
Finite size scaling of D. vs. screening angle is observed, and the

correlation length exponent v is obtained. Since rotational symmetry *Work supported by the National Science Foundation under Grant
is broken in this transition, we suggest that this is true critical be- DMR 801281, the Office of Naval Research under Contract N00014.
havior, with an effective temperature equal to 2x-8 where 0 is the 117-N-0314, the McDonnell Douglas Independent Research and
screening angle. A quantity, (mean deviation of the radial distrib- Development Fuod, and the Washington Tehnmlogy Center.
ution function) is found to behave like an order parameter, and an
exponent P - 0.4±.l extracted. The effective susceptibility has been
calculated from correlatinns in this quantity, and it diverges with an
exponent y - 1.4±.2 Other possible order parameters, and
multifractal properties will be discussed.
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T3.2 The purpose of this paper is to research the relationship between the

FRACTURE AS A FRACTAL PROCESS: THEORY & EX- behavior of material fracture and the fractal dimension of the frac-

PERIMENT. T..l. Mackin, J.1. Mecholsky, Jr., and D.E. Passoja, tured surface as well as the scaling law of the relaxation modulus.

The Pennsylvania State University, University Park, PA 16802,
Obviously, the fractal dimension is closely related to the mechanical

Fractal dimension was used to characterize the fracture surfaces of properties of material. It is shown that the mechanical behavior of

several polycrystalIline, single crystal and glass ceramic fracture material may be predicted by the measurement of the fractal di-

surfaces. The fractional part of the fractal dimensions were cone- mension of the fracture surface.

lated with the critical stress intensity factor. From this correlation, T3.5
an empirical equation was derived relating fracture energy and

fractal dimension. PPtACrAL NAMWZ OF FRACI J SWA. omwa F"111ol
Decheng Tian, physics Depirtmilnt, Wuhan University, Wijimn,

Recently, several theoreticians have proposed a relationship be- PRCi

tween fractal dimension and fracture energy. Furthermore, the Abtract- A kinetic moel is presented to simulate

quasi-static Griffith approach can be modified using fractals, again microsoopicanlly the crack propaglatin :In solids omposed
proidig athoreica bsisfora racal imnsin-facureenegy of discrete atem. The resulting fracture surface is fopund

rlodi aThoeica bewasisrorch a hc ilbcle fractal ditnin-rctr enrg a fraeth.1 with dimenson depeaijig on the elastic

reltioshi. hisnewaproah, hih wll e alld te racal nsitants of the material. For a 2-d lattice notsiork

Griffith relation, will be presented along with several theoretical conisting of 00 nodes in the x-direction nd 50 nodes in

proposals from the literature. These models will be compared with the y-irecticri where the load is applied, we obtain the

the experimentally derived relationship, fractal dmiow of the fracture surfaces for two
typical cases :D=1.011±0.003 for KfX/K,:; D--1.248 ±0.017

T3.3 for KglKjv=lO.

STRUCTURE ANALYSIS OF FRACTURE SURFACES T3. .6

USING SCANNING TUNNELING MICROSCOPY. " paRCOLATION PROPERTfiES OF RANDOM Two.

Hnnrd1 and M. W. hicheU. The University of Pennsylvania, DIMENSIONAL POISSON FRACTURE NETWORKS. Kunal

Plifladelphia, PA 19104 Ghosh,* Kevin Hestir," and Jane Long, Lawrence Berkeley Las-W

The geo11e912C SODcOM of fracture surfaes could provide insght mw tor ekly A

fracturc mechanisms, PMr darY in elastic aitueials wher somnisuic To study hydrological flow through cracks in solid material, a model

Processe11s domunta Firactall moodels have recently been, inivoked to has been proposed' which crete a two-imeniona newor of fluid

desorth facur surface structure; howiever, surface roughness has conidutitng lImes, called frciei In this pae we &suste xr

Proven diffiCull to qstandify experimentally. The most commton Sion for permbil[ity using percolation theory. (The results from

approaches to measufftsrfc roughness, setioning to mem equivalent media theory arm discussed in Ref. 1).
profiles ad sinding5 wra U CM Cald, requir that a lar The permeability of such a system is the hydrological equivalent of t
""mbe of meaxoseuinis be me on each suyface. The tedmosnes of average Dc electrical conductivity of a random resstor network. The

these =m mn pecldes comprehensive analysis of a larg ums important difference here is that the lattice is not regular. In patiu-

Of suraces In coiit to~ouphic isnages acquired in a cnIla. both the coordination number z and the noraized finling firaction
tutinlon . M r eay to acquie "s , !gya hihd~iy p of thfis rndomo lattice are calculated from the average number of

d&eitabon, fticflaDi s m da ayi.o exlrthsoena intersections per fracture. Therefore, z is a function of p. Then the

the spectraldess ad the vauaionud oieta ~mn permeability K is expressed as K - (p-pi. where p, is the perco-

msethod(E06M .cisdne flaclal. diinalm increcet Were tamed on du~hokL
on dal "STM Prm)5U mrased from a random nunr v F - , and we present the results of the permeability studies near p, for a set of

the Weie strais-M dobg fbuncti with theoretical dimecnonal such random latties with different fracture densities as well as

'fleumens vs~z frM 02 - 0,6. ThU characteristic noise in the differet distributions of length andor orientation. The computed
tunnellig i aim also qutfied- This ptiovided a measure of the value of the critical exponent t gives t=1.1. This is approximately

unommny in ormethod and a of fractal rmodes to i P the saum universal value for regular 2-D lsates. independent of the
CA~vntinal of2111011lattice structure. Moreover, the p-dependent coordination number z

has avalue at p, which obeys the universal law z = d(d-)p,. The

The srucname, of sido*~rm SIC and Si fActr surfaces were then geometrical properties of the clusters near and above the percolation
imaged. Several coventiona and fractal rwugness piaees wm threshold are currently under investigation.
calculated for each case The vaiatio of surfac Mure with fActure
directio was detemined as were local variation with positios These
observations will be discussed in wimng of thoi iniplicalion so fractmw I. K. Hesnir, J. Long, and 9. Ghosh, this conference.
mechnis

T3.4 OPerinanent address: Jackson State University, Jackson, MS

FRACTAL EFFECTS AND PERCOLATION OF MATERIAL "Permanent address: New Mexico State University, L.as Cruces, NM

FRACTURE. Dengshi Huang, Department of Basic Science, T3. 7
Sichuan Economic Management College, Chendu, Sichuan, Peo- THE FRACTAL NATURE OF TCAECPATNTEELOElN.ODEI

ple's Republic of China. FRACTURE OF POLYMERIC MATERIALS. YithongI i, J. C. M. U.
Materials Science Program. Department ot Mechanical Engineering,

The fracture of material is an important phenomenon whose study University of Rochester, Rochester, NY 14827

is of great practical importance. Mandelbrot and co-workers

pointed out that fracture of material gives a statistical self-similar Dow Chemical ABS polymer with 17.5% rnfter content Is fractured In

fractal and its fractal dimension is relevant to the properties of the Mode I by using a compact tension specimen. The plastic zone developed

materials. Recently, Ray et a] and Sicradzki discussed two dimen- before fracture has tw~o distinct parts. A homogoeous cavity zone

sional fracture by percolation theory. assmes a shape which seems to follow a criticall hytdrostatic tension
criterion. Superposed in this zone and radiating from t crack Oip are a
set of finger-shaped crazes which seem to follow directions consistent
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with the gradients of hydrostatic tension. These fingers possess the T4 1/U10. 1
features of a Cantor set which has a fractal dimension of about 0.7. The FRACTAL STRUCTURE AND DYNAMICS OF TWO FLUID
density inside the fingers is about 20% lower than the original material. FLOW IN POROUS MEDIA. JenFde, Department of Physics,
The stored energy of the finger region in the plastic zone is about
0.acal/g and can account for 80% of the toughness of the material. The University of Oslo, Box 1048 Blindern, 0316 Oslo 3, Norway.
size of the plastic zone Is larger inside than at the surface of the
specimen just opposite to the behavior of metals. The difference is The flow of fluids in porous media leads to displacement fronts that
explained by the different yield surfaces of the two materials. ABS are fractal in many situations. We discuss results obtained in exper-
containing varying rubber percentages are investigated also. The iments on two-dimensional models. The dispersion of tracers, the
contribution of the fractal nature of the craze fingers to the fracture invasion percolation at low displacement rates and the viscous fin-
toughness of the polymers Is discussed. gering at high displacement rates are discussed. Symmetry breaking

by gravity effects due to density differences leads to crossover phe-
* Work supporled by Dow Chemical Company. nomena that can be described by scaling functions. New results on

T3.8 the displacement in three-dimensional models are presented.

WEIBULL PLOTTING OF A FRACTAL DISTRIBUTION Fractal displacement processes exhibit dynamic scaling behavior
OF FLAWS. John F. Wight and James W. Laughner, characterized by new exponcuLs, which we discuss in the context
NYS College of Ceramics, Alfred University, of invasion percolation.
Alfred. NY 14802.

The Weibull modulus characterizes a material, T4.2/UlO.2
giving an empirical relationship between load NUMERICAL AND ANALYTICAL MODELS OF TRANSPORT IN
and risk of failure. The work presented here POROUS CEMENTITIOUS MATERIALS. Edward J. Garboczi
links the empirical Weibull modulus to a and Dale P. Bentz, National Institute of Standards
fractal flaw size distribution, giving the and Technology, Building Materials Division,
Weibull modulus a more theoretical basis. 226/B348, Gaithersburg, MD 20899.

A model of rods containing penny crack flaws Fluid flow under applied pressure gradients and
is constructed. The flaw size distribution ionic diffusion under applied concentration
is characterized by a fractal dimension. The gradients in the pore space of a cementitious
flaw size distribution in the rods is operated material are the key transport mechanisms that take
on by the Griffith theory yielding a strength place in these materials. Recent theoretical
distribution. Except at its extremes, the developments in the research labs of the oil
Weibull plot of the strength distribution is exploration industry give new insight into how
linear with a slope (Weibull modulus) equal these processes can be successfully modelled at a
to twice the fractal dimension of the flaw fundamental level for cementitious materials. This
size distribution. talk will describe new computational methods for

computing effective diffusion constants in models
T3.9 of porous materials, and analytical percolation-
APPLICATION OF FRACTAL GEOMETRY TO DAMAGE theory-based equations for predicting effective
MODELING IN ADVANCED MATERIALS. Ted L. Anderson, permeabilities. Digitized image modeling
Texas A&M University, Department of Mechanical Engineering, techniques developed at NIST will also be

College Station, TX. described.

T4.3/U10.3
Many investigators have used the concepts of fractal geometry to
characterize rough surfaces such as fracture surfaces. However, SIZING REQUIREMENTS FOR FLOWTHROUGH GEOCHEMICAL
relatively few have recognized the potential of this subject to and E. C. Thornton, Westinghouse Hanford Company, P.O. Box 1970,
describe microstructural inhomogenieties such as second phase Richland, WA 99352
particles and microcracks. In the present work, the author
assumes a material with a fractal distribution of microcracks, and A methodology for evaluating test apparatus size requirements has been

then models the mechanical behavior of such a material, applied to the sizing of flow-through tests used in the evaluation of coupled
processes in open hydrothermal systems. The results of the sizing

If a material contains a self-similar distribution of mricrocracks, evaluation provide limits or the apparatus dimensions and test conditions

the microcrack density can be represented by a simple power law: "ruired to yield results • resentative of the processes of interest. It is
roa i bl icated from these ev iations that this information is critical in the

Nr(a > ac) . -D design of flow-through tests and in the interpretation of test results. Size
p(a) - V =considerations, therefore, impact the use of flow-through test resilts in

where a is a characteristic crack dimension, ac is a reference crack simulating the processes expected to occur in the near-field environment of

size, X is a constant, and D is the fractal dimension. a nuclear waste repository.

The main objective of this size evaluation is determination of the column
If the material is brittle, the largest microcrack that is sampled dimensions and test conditions necessary to produce reactions pertinent to
governs failure. In this case the above equation, combined with the processes of interest. The basis of the evaluation is treatment of the
weakest link statistics and the Griffith failure criterion, leads to time required for reactions or prcss of interest to occr, as. the require
the well-known Webull distribution for failure stress, with the column residence time for te fui. Reacton pahs and reacton tmes fr
Weibul shape parameter - 2D. When a material exhibits stable model systems were determined using ;eochemical models involvingreaction rate equations based on transiton state teory. The range ofmiacrcrack gr'owth, relatively simple expressions for global prortecolung ditensions mythen be obaned usinexrsos
properties such as effective modulus and total fracture energy a te clum d disimeay ons n ow condin ons
can be derived. The latter case represents an alternative to re residenceatimeptoaapparaus di
traditional continuum damage mechanics. A finite rage of appropriate column dimensions and test conditions exist

for a given residence time requirement. However, determination of
appropriate residence time depends on the purpose of the test and

procsses of interest. Factors such as test duration, sampling requiements,
and engineering limitations must also impact the size and/or scale
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requirements and these criteria can be used in the choice of the most Using Sierpinski's captand a random percolating network, we gen-
practical combination of column dimensions and test conditions. It is erated two types of fictured rock systems with fractal properties.
indicated from the results of this study that size evaluations provide a We then simulated hydraulic well tests in these systems. Both the
technical basis for the design and construction of flow-through tests, and fractal dimensions and the -radial- fractal dimensions of the systems
also for the interpretation of test results, were calculated using Orbach's (1986) method. The latter was cal-

T4.4/1O.4culated by accounting for only the radial component of the conduc-
T4. 4/lO. 4tor. Of the two, we found that the radial fractal dimension better

A LAGRANGIAN REACTIVE TRANSPORT SIMULATOR WITH describes the physical processes occuring during a well test The
MULTIPLE PATHS AND STATION A RY-STATES: CONCEPTS, results fom t well tests were in agreement with Barker's solution
IMPLEMENTATION AND VEIFICATION. R...Kznpn. L206, Earth and a relationship between the slope of the pressure response curve
sciences, Department, Lawrence Livermore National Laboratory, University and the radial fr=a dimension was found. This relatonship ii
of California, Livermore, California 94550 significant because it could lead to a value for the fractal dimension

of rock from field well test data. This field fractal dimension could
then be used to estimate the rock's flow geometry and flow charac-

A geochemnical software package which models static, single-path kinetic teriatics.
water-rock interactions, EQ3/6 [Wolery, T. I., Lawrence Livermore Na- T4 /l07
tional Laboratory. UCRL-52658. 1979]. has been modified to incorporate T.711.
multiple-paths and stationary states under high Peclet number transport ANISOTROPIC SCALING OF INTERFACES IN POROUS MEDIA.
conditions in a Lagrangian reference frame [Lichtncr. 19881. These Miguel A. Rubio, Haverford College, Haverford, PA,
modifications permit calculation of reactive transport with reasonable and UNED, Madrid, Spain; Andrew flo'ghggrrv, Itaver-
computational requirements. Results from the new code. mpeq6, have ford College, Haverford, PA; and Jerry P. Gollub,
been compared with analytical results for the simple HCl - SiO2 system; ex- Haverford College, Haverford, PA, and University
cellent agreements were achieved. Results from mpeq6 have also been of Pennsylvania, Philadelphia, PA.
compared with published results [Lichtner, P., Geochim. Cosrnochim.
Acta,5S2, 143-165, 1988] for aportion of the A23 -HCI -K20 - SiO2  Two-fluid immiscible displacement may produce
system The results are in good qualitative and, in some Cases, good self-similar fractal interfaces, often described
quantitative agreement. However, the values of some variables differ Sub- by invasion percolation or DLA models, for certain
stantially; these differences can be attributed toUse Of adifferent set of Al ranges of the relative viscosities and wetting

and i aqeousspeces. roperties of the fluids. These self-similarand S aquous pecis. structures have the same scaling behavior in all
T4.5/U1O.5 directions.

FRATALCHRACERITIS O FRCTRE ETWRK AN FLIDHere we show that when the displacing f luid is
MOVEMENT IN ROCK. Christopher C. Barton, Box 2504 MS 913, Federal mr icu n oeefceti etn h

ceut. Dcrrer COmedium, the interfaces are self-affine fractals,
Socktys ndtomrecoerfluid resoe=(water, oil and ga) fronthe gsnh and i.e., they show different scaling in different di-
to iectonc ate materialsarisa le"nonerequiresaquantitaivemodelsto rections. We present experimental results on the
dtuibe and meiit he movement offluin roc. Faintiamodekbasedo. interfaces obtained when water displaces air in aporc-spacc flow ame mappro~ate for study of the amerapid proema of fluid flow thin layer of glass beads. We have characterized
thr.g.. fractureniwo. Thi typ of w s t aimpfuion othe the interfaces by computing their roughness
fraanrechaan rscaayaidrcl~urzeten~jo (r.m.s. value of the interfacial width) as a func-

tion of length scale. The roughness shows power-
Th ahmtclcntut ffaalgoer ma "sie oqad law behavior with exponent B - 0.73±0.03, indepen-
and model relftionships within complex systems hatawe statistically equvaleat dent of the control parameter (capillary number,
(thatisa.self-similar) atal sales. M4yresults showdt atral frarutre wrworks Ca). This exponent is related to the box dimension
in rock follow afratal scaling law ovsorders o=*pan&. Dad 2-A, and the divider or compass dimension 1/8.
measms fhnimensional smpsof heesamal atre nors This behavior means that the interfaces are self-
(at divese asin rod% of dilaro. itholo, and tectonicaetiW gshow affine fractals with a box dimension of 1.27.similar firactal dimensions in the range 1.6-1.8

The smallragen fractal dimension implies that a inge physialprocss ofrock Supported by the NSF Low Temperature Physics
fraL",operaes oer Wdeaqof alefom icrocpiera csto lar. Program DMR-8503543. M.A.R. was supported in part
regionaltank sysimu. Independent field evidence ha previously demonstrated by a Fellowship of the NATO Scientific Committee.
that rock fracturing is an werative proes in which preesistial fractures slimuene
the feornado. of subsequent fractus (such b ~ avir charactemuc of fracal T4 . /U1O.8

Poess.The fractal behavior *mplier that fiiae-nork developmet.
governed by a -adinem, equaaiom. Fotuately, the abilityof fractal mathematics SIZING AND SCALING REQUIREMENTS OF A LARGE-SCALE PHYSICAL10 ' - an moel he ystm isno epedewon pecficMODEL FOR CODE VALIDATION. R,. jKjjjgj, T. LeGore, andk f" qato, sth qutonbndc ep edent rai J. D. Hoover, Westinghouse Hanford Co., Richland, WA.

Koilp pthat rock fractwm erwairkawe fractal allos use ofdata from aca- Post-closure performance assessment and the associated
dimensional drilholeample topredict the two-and three-dimensionatriues application of mathematical models play a critical roleof he actre ystm TeS Ntf lractures indril holes is a fractal Cantor in assessing the long-term behavior of the engineered
dimenbtion haan that rogeoffracu encestens posed on whichmis ----i. and natural barriers of a geologic repository. Althoughdimansio etha the of fraetrae k-.tm exoed c to~meal al verification and benchesarking constitute an important
matrixpermeability itpachy i a soaaloouto frcti alproadon chner. part of determining model acceptability, it does not

establish that the model is a reasonable approximation
T4. .6 /1)0. 6 to physical realit). This is accomplished in the

n.WW To. WEL INJ FRACTURED ROCK WITH FRAC',AL validation step in which model calculations are compared
SmRUCTM. Jim Polek Kenti Karasaki and Jane Long. Lawrence with data from controlled experiments.
Berkeley LAbo-ri,9Ea2ley, CA; and John Barker. British Geo-
logical survey. 'Wallingford. Oxfordshire, U.K. Although in-situ field experiments provide useful data,

information needed for model validation cannot be
Traditionally, models of fluid trarispottin rocks have baen based on obtained from field observations alone because of the
an integral (Euclidean) flow dimension. However, this assumption is inherent uncertainties associated with the natural system.
niot necessary and may not always be a es pecially for However, physical models, when properly scaled,
rocks with poorly connecte fracture. Barx ~ has8'1: formulated constructed, and instrumented can provide the necessary
and solveddie equationof flow to awell in arock systemchaacter- information for validation of mathematical models and
ized by an arbitrary flow diniension. computer codes, and can overcome many of the uncertainties

associated with large-scale in-situ testing. The
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relationships between measurement, size, scaling, and surface fractal dimension.
discretization (block size) used in a numerical model " Supported by NSF and PRF.
must be incorporated in the conceptualization of a
physical model. Sizing and scaling requirements of a T5.3
large-scale physical model for hydrological testing are
discussed. The justification for the minimum size of a HYDROGEN, NEON AND NITROGE ADSIRFnIOt ISU' M ON
physical model for hydrological testing can be based on ORtOUS VyO)R GLASS. * T. E. Huber# and C. A. lHuber+,
the nature ot heterogeneities introduced into the model. University of Puerto Rico, Rio Piedras, PR 00931.
Results of numerical simulations used to determine the
preliminary size requirements of a porous medium model The fractal properties of porous Vycor glass have been
are presented. under some debate recently and the experimental

T4.9/U1O.9 determination of its surface area from the adsorption
isothems for simple adsorbates is of current interest.

PERFORMANCE OF CONCRETE BARRIERS IN RADIOACTIVE WASTE. e have measured the adsorption isothems of H2, D2 and
DISPOSAL IN THE UNSATURATED ZONE. John C. Walton and Mark Ne in the temperature range from 15 to 77K in samples of
D. Otis, Idaho National Engineering Laboratory, P.O. Box porous Vycor glass. N2, at 77 K and 114 K, was also
1625, Idaho Falls, Idaho 83415 studied. The B.E.T model gives surface areas that are
Concrete barriers are an important component of many designs temperature dependent for all the gases studied. To
for disposal of radioactive waste in the unsaturated zone. understand this problem we have used the adsorption
In order to evaluate the effectiveness of the concrete isotherm data to generate a thermodynamic
barriers performance assessment models representing the characterisation in the region of temperature and
material degradation and behavior must be developed. Models pressure covered. We obtain that a wide distribution of
for evaluation of fluid flow and mass transport through adsorption energies is necessary to explain the data. A
concrete barriers located in the unsaturated zone are model-independent adsorption isotherm is discussed whichallowis fitting of the data at all temperatures. Based on
presented. Implications of the use of impermeable membranes alw f d u eing of the ad on

in barrier design are discussed. The effectiveness of the t diu tio wih oleaszetan
energy distribution function with molecular size and

concrete is shown to be dependent upon effective design Mass.
Concrete of highest quality may not always be desirable for
use in waste disposal vaults. * Work supported by NSF-EPSCoR.
T5.1 # Present address: Department of Physics, Harvard

University, Cambridge, MA 02138.
CAPILLARY CONDENSATION ON FRACTAI SURFACES. E [, + Present address: Francis Bitter National Magnet
J. Kenntner, Physics Dept., University of Missouri, Columbia, MO 65203; Laboratory, M.I.T., Cambridge, MA 021 39.
and M.W. Cole, Physics Dept., Pennsylvania State University, University
Park, PA 16802. T5 .4 ABSTRACT WITHDRAWN

We extend our recent investigation of the Frenkel-Halsey-Hill theory of T5.5
thick-film adsorption on fractal surfaces [Phys. Rev. Let. L2, 1997 (1989)] SMALL ANGLE X-RAY SCATTERING APPLIED TO
to include the effct of surfae tension. The competiion between long-range INVESTIGATE THE FRACTAL PROPERTIES OF COAL ANDOTHER POROUS CARBON-BASED MATERIALS. M. Reich, S.

gas-solid interactions and surface tension leads to a regime where the Russo, I. K. Snook and H. K. Wagenfeld, Royal
coverage is lower than on a planar surface (FHH regime, intermediate film Melbourne Institute of Technology, Melbourne, VIC,

thicknesses) and a regime where the coverage may be higher than on a AUSTRALIA

planar surface (capillary condensation, very thick films). The critical
dimension below which the surface may adsorb more is D = 8/3. It leads to We use the Bale-Schmidt theory for the intensity

the surprising result that, at sufficiently high pressures, capillary of X-rays scattered through small angles (SAXS) by
a porous solid with a fractal surface in

condensation is most pronounced when the fractal dimension is low. The conjunction with experimental SAXS data to
effect will be discussed in detail and will be applied to the experimental case estimate the surface fractal dimension, D of a
of nitrogen adsorption on a self-affine silver surface. wide range of porous, carbon based solids. The

measured values of D vary over virtually the whole
T5.2 theoretically allowable range.

CHARACTERIZATION OF THE SURFACE FRACTAL Further, we show that for a brown coal sample
DIMENSION AND ROUGHNESS OF EVAPORATED SILVER heated under nitrogen both the fractal dimension
FILMS VIA ADSORPTION ISOTHERM MEASUREMENTS.' and extent of the surface are a function of the
J. Kim, V. Panella and A. Sarkissian, Physics Department, temperature. Below about 350 0 C the pore fractal

dimension, D is 2.80 indicating a very convoluted
Northeastern University, Boston, MA 02115 surface whilst above 350 0 C the surface is becoming

smooth, D-2.0.
Adsorption studies have been carried out for a variety of evapo- T5.6
rated silver films which have been deposited under controlled con-
ditions onto the surface electrodes of a quartz crystal microbal- SMALL ANGL X-RAY AND NEUTRON SCATTER2:G FROM A
ance. These studies provide (a) an immediate determination of FRACTAL DIFFUSION FRONT Michel z'-S-' and Bernard

whether the film is smooth or rough and (b) if rough, an indica- Sapoval, Laboratoire de Physique oe !a Mat ire
Condens~e, Ecole Polytechnique, 91128 Palaiseau,

tion of pore morphology and fractal dimension. Surface structures France.
ranging from amorphous to crystalline to self-affine fractals have
been observed. In general, the surface area increases as the film
thickness increases. Film thickness has little effect however on the we have computed the small-angle scattering from

si6ulated three dimensional 13D1 diffusion fronts.
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in 3D, the diffusion front (1) extends over a describing the self-organization and pattern formiation will bie
large concentration region over which it exhibits presented.
two different fractal behaviors. In a high
concentration region, the front is a dense object
with dimension 3. It behaves as an ordinary solid, The relationship between cluster and pore size and on

but each of its point-s belongs to its surface. In characterization of the fractal dimension w~ill be addressed. The
the vicinity of a critical concentration p., which implication of the results to the application of textural analysis of
is a percolation threshold, the front is a more porous biological materials using image-procescing techniques will
dilute objiect, with a fractal dimension 2.5. be discussed.

Depending on whether the sample has its
concentration restricted to the critical WXork~ supported by Analog- Devices Professor~htp 1
percolation region (with D-2.5), or extends over a
broader concentration region we observe a mass T6.3 ABSTRACT WITHDRAWN

fractal or a surface fractal behavior. This
behavior is found for values of the wave vector q
depending on the concentration gradient at p..

The interest of this exact calculation on a
realistic model is to permit a quantitative
analysis of experimental small angle scattering
from various non homogeneous systems.

(1) M. ROSSO, J.F. GOUYET and B. SAPOVAL, Phys.
Rev. Lett., 57, 3195 (1986) and J.-F. GOUYET, M.
ROSSO and B. SAPOVAL, Phys. Rev. R17, 1832 (1988)

T6.1

THE GROWTH OF SELF-AFFINE FRACTAL SURFACES.
Paul Meakin, E. 1. du Pont dle Nemours and Company,
Wilmington, DE

Simple models for growth and deposition lead to the
formation of dense Structures with rough surfaces
that can be described in terms of self-affine fractal
geometry. The growth of the surface roughness is
The correlation length _ corresponds to tke surface
width and grow according to

where t is time. The correlation length lj describes
the lateral distance over which fluctua ions in the
surface height persist and it grows according to

- d3Iat - tl /Z

where a is the Hurst exponent. The results of recent
simulations and theoretical work for ballistic
deposition at grazing incidence (e-+iti:2 where 8 is T6.4
the angle of incidence) onto both a line and a plane FRMA DDQ2SI0 OF NAMPAL POLYMERS. 1Inns piscitle
will be described. In both cases the deposition and Ronald Segars, u.S. Army Naticc Research&, Development
process onto a ds dimensional substrate can be an Engireexing Center, Natick, y1assadusetts 01760-5020
mapped onto the coalescence of (ds-1) dimensional
objects and exact values for the exponents at and 13 in the fractal dimension of pcaders dtained fromi the na~ra!
the limit e-4n/2 can be obtained. p~olymer Chit-an is showin to be dependent on both

proessing trIlperatnrS ad source (shrizp vs. crab).
Results fro m spatially correlated ballistic Mesrmn of the fractal dienion, thus, provides a
deposition simulations with and without maru of characterizing Oiitosan products. Whncope
restructuring (transfer of the, deposited particle to withi other Mmaurunts, this parameater nay prove useful
the nearest local minimum) will be presented. jin optimizing the ftcatacrality of Chitcean derivatives.

T6 .2 Ctairg uniforgi particle size distributicaS having
different group means, or at least, a=iratalY masuruq

Pntterii Forzainti~m isuad Charaewerizatioun for Biologzical the particle size distribution withlin a given group, is a
Mmterimls. (liarle- Thonup'on auid Kvii Clinsidra. difficult and critical step in deteriingx the fractal
D*cpsrtnaen of Electrical Enemuaering. Luihorhtcf-rt for Advaniced digrii of a pow~r. sieving, sUtUi wa U11ed in this

oijtiltioiI 1Ui,2erjitY of Lo~mell. Lan','ll. M\A study, nay allow uch larger particles to exist within a
group if sce of the particls are plate-like. If
aectriotatic force o=r, fins. may attach to larger
particlin and fail to pasw thZV~g the sieve tomeahni

The lproblei of ;,recij'itate patterning iin the fornmation of a pornha' size is use to defliu the ina.lit Particles within the
liologieal suaterial i- cona'idered. In p~articular. we examine the group. Particle size distrIitin' and even~ the men value
tempuoral suad spatial pattern- genierated by efllular calcification v'ia will be quite different frm the values caclated from

an autocatlytic luroce--. Preliminary result, of a nonlinear niodel the msh size of the sieves. Mms facor are shownt to
affect the determination of the frotal dimension.
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T6.5 T7.2
FRACTAL VS. SUB-FRACTAL: CLOUD RADIANCE AND OCEAN STEADY-STATE REACTIONS ON FRACTALS: RATE LAWS
SURFACE DATA. Patricia H. Carter and Robert Cawley, AND SELF-ORGANIZATION. Eric Clement and Raoul
NSWC, Silver Spring, MD. Kopelman, Department of Chemistry, The University of

Michigan, Ann Arbor, MI 48109-1055; and Leonard M. Sander, e
The graph of a function or random process has a dimension Department of Physics, The University of Michigan, Ann Arbor,
that can be measured.

1 2 In the case of a random process MI 48109-1120.
the dimension is typically fractal, but many nonfractal
graphs also give a measured dimension larger than one. The A + B -4 0, A + A -4 0 and A + T -+ T (trapping) reactions
Hence, to implement a fractal characterization of are studied in fractal and Euclidean dimensions. Non-classical
experimental data it is desirable to be able to global rate-laws, particle distributions and critical dimensions
distinguish these possibilities. Previous experimental are obtained. The reaction orders (exponents) depend on the

studies of infrared cloud radiance data have been type of reaction, the source term structure, the conservation
consistent with a fractal hypothesis on the graphs of laws and the dimensionality. Macroscopic, mesoscopic or
radiance against angle. The sub-fractal possibility, microscopic self-ordering is observed, depending on the
that the radiance function is differentiable but its combination of the above specifications. The theoretical
derivative is not can be investigated by an analysis analyses are compared with Monte-Carlo simulations.
using measurement of a power law index of the amplitude
spectrum. Results of analysis of infrared cloud data and T7.3
ocean surface shape data will be presented indicating EXCITATION TIME MODULATION STUDIES OF MOLECU-
presence of fractal vs. sub-fractal characteristics. LAR AGGREGATES IN DOPED POLYMERS. Zhong-You Shi,

Irene E. Newhouse and Raoul Kopelman, Department of
1. Charles Adler, Patricia H. Carter and Robert Cawley, Chemistry, The University of Michigan, Ann Arbor, MI 48109

"A comparison of the fractal dimensions of cloud radiance 
1055.

graphs for two infrared color bands," in Physics of phase

space. Y. S. Kim and W. W. Zachary, eds, Springer, L. N. Steady state vs. pulsed excitation decay kinetics were obtained
Physics No. 278, 1987, p.

4 5 . for naphthalene doped PMMA (plexiglass). The triplet fusion
kinetics for dilute samples depend drastically on the initial

2. Patricia H. Carter and Robert Cawley, "Fractal excitation kinetics. While the initial exciton densities are equal
characterization of infrared cloud radiance," in Fractal in both cases, the density distributions differ. The application of
aspects of Materials, MRS fall meeting proceedings, 1987. this technique to the study of heterogeneous samples is aided by

T6.6 model computer simulations on percolation clusters and fractal-
T6.6 like aggregates.

FRACTAL CHARACTERIZATION OF POROUS SILICA
GELS BY GPC. Houqiang Li, Ying Li, and Huaming Zhau, Dc- T7.4

partment of Chemistry, Sichuan University, Chengdu 600064, The PULSED VS. STEADY-STATE EXCITON RECOMBINATION

Peoples Republic of China. KINETICS: EXPERIMENTS AND SIMULATIONS ON
PORES, POWDERS AND RANDOM MEDIA. Stephen J. Parus,
Zhong-You Shi and Raoul Kopelman, Department of Chemistry,

Porous Media play an important role in many fields such as oil re- The University of Michigan, Ann Arbor, MI 48109-1055.
covcry, heterogencous catalysts and Chromatography. The Char-
acterization of porous silica gets (PSG) is of central importance in The non-classical kinetics of exciton recombination in restricted

gel Chromatographic technique because of involving in separating geometries provides the foundation for a new experimental

polymers in laboratory. It has recently been shown that the PSG technique of probing the exciton dynamics and the sample
a rtstatisticallyfratars. W have eemintlbednshow a the topology. The phosphorescence and delayed fluorescence decays
are sfractals. W have determined the fractal dimension exhibit a dramatic dependence on the duration of the excitation.
of a series of porous silica gels by GPC. The comparison of pulsed and steady-state excitation provides

information on the local topology of the sample and on the
T7.1 average hopping time of the exciton and the exciton diffusion

A NEW TECHNIQUE TO DIFFERENTIATE BETWEEN length. This is possible because the distribution of the exciton

GEMINATE AND NONGEMINATE RECOMBINATION OF population is non-Poissonian under steady-state excitation

EXCITONS IN DISORDERED MEDIA. lagdish Prasad and conditions. In addition, the pulse-created distribution also

Raoul Kopelman, Department of Chemistry, The University of looses its Poissonian character with time. The experimental

Michigan, Ann Arbor, MI 48109-1055. systems are: 1) Isotopic mixed naphthalene crystals above and
below percolation; 2) Naphthalene crystalline powder; 3)

Geminate formation and recombination of triplet excitons in 2,3- Naphthalene embedded into porous glass. Except for the mixed

benzocarbazole/tetracene has been studied using a dynamic crystals above the percolation concentration, all samples exhibit

technique (pulse vs. steady state excitation). In tetracene, the the non-classical effects typical of fracta-like topologies. The

mode of decay of the first excited singlet state is by fission (1) interpretation is aided by on Carlo simulations.

into two neighboring triplet excitons that can undergo geminate
recombination. We monitored the geminate exciton T7.5

recombination via delayed fluorescence using steady state and REACTANT TRAPPING AND STEADY-STATE SELF-
pulsed excitations. The decay rates for the 2,3- ORDERING ON FRACTALS. Lola W. Anacker and Raoul
benzocarbazoleitetracene samples were than compared with the Kopelman, Department of Chemistry, The University of
decay rates for nongeminate recombination in naphthalene Michigan, Ann Arbor, MI 48109-1055.
samples. We find that the geminate recombination decay rates
do not depend on the duration of the excitation (pulse leng). Supercomputer simulations (at the John von Neumann Center)
For noneminate recombination the decay rates do depend on of steady-state trapping reactions (A + T - T) on a Sierpinski
the pulse length. Our work provides a new, dynamic technique gasket (9843 sites) show both self-ordering [1] and anomalous
to differentiate between geminate and nogemmate (non-classical) reaction kinetics [2]. The reactants aggregate in
recombination of excitons. We expect similar effects for the trap-free regions. This is similar to the behavior in one but

electron-hole and soliton recomb iations. not in three dimensions. The rate law exhibits an anomalous
1. S. Arnold, R. R. Alo, M. Pope, W. Yu, P. Ho, H. Ssb, . order: Y - 2/ds where ds is the spectral (fracton, recurrence)

1.S.Aranold . . M JPope. Y P. Hs. . dimension and Y is the trap-density exponent. However, the
Tharrats and C. E. wenhorg, J. Chem. Phys. i K104 reactnat-density exponent is classical (X = 1). We note that the
(1976). overall order (X + Y) is the same as that of the A + A reaction

[21.
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1. L. W. Anacker and R. Kopelman, Phys. Rev. Lett. 5, 289 aggregation at early stages is due to van der Weals attraction
(1987). between the particles. As the reaction progresses, the amount of charge

2. L. W. Anacker, R. P. Parson and R. Kopelman, J. Phys. on the particle surfaces, which is due to citrate adsorption
Chem. _U, 4758 (1985). increases and hence the total Coulomb energy of the system increases.

When the Coulomb energy is large enough, the clusters break up. This is
T7. 6 evidenced by the zeta potential measurements, which indicate that
Hy.dro}ylljir" hlJ,!-}ility il,. the charge on the particle surface gradually increases as the reaction
Tihomiop- nilid Vi(.t MIlt a. DI,'irinwnt of Eect rical proceeds. The size of the particles can be determined by minimizing
Eigl ;:])w,rm. Laloranlr of .Aiiancid C ()IIojtiiOtI. tli\vtI" I the total Interfacial energy of the system, which is the sum of theLEg vv,]. Lowelo. A l gold-water interfacial tension and the Coulomb energy. As a result,the particle size R is related to the citrate concentration C by the

relation R _ C-0 .66 , which is in excellent agreement with experiments 1 .

Th ii drody naoric 11 l,iliTV of -e'i(itiondurir icl' i. i.col-id'red. * This work is supported by AFOSR/DARPA under Contract No
'1-e-cia alv''1ion is paid To I(i ( (/ochr;dki grotwth configuratiol. AFOSR-87-0114.

li~e parameter rangv in which the 10(11 i- unisable to threv- 1. Goodman et at, J. Microscopy, Vol. 123, Pt 2, 201 (1981).
dlnllslional disturlhinces is addr,.-d. Thc temporal and spat ial
charactrtic, of the tluid veloity and( temperature are o)tained. It T7. 9
- ,low. thc that at ligh crystal rotation rates lhao linearly THE EFFECT OF AGGREGATION ON COLLOID CATA-
uitel,ic di turbance, propagate as three-dimensioial wave. LYSTS. J.R. Melrose, The Blackctt Laboratory, Imperial College,
confined to the boundary-layer at the liquid-solid imerface. The Prince Consort Road, London SW7 2BZ
relatiotishi I I)Cwt.Nvl lIhe aforementioned flow characteristir and
crystal ixiorphoiogy will be examined. Theoretical models for the large time effects of aggregation on the

catalytic properties of metal colloids are developed within the
Tie, efiect of finite amplitude dis-urbances are al.so investigated, framework of the electrochemical theory of the catalytic mechanism
The result of an nonlinear stability analysis as well as the and recently proposed models for the extremes of cluster aggre-
tiara lietric deivendence on bifurr-atioi; from .the linearly unstable adrcnl rpsdmdl o h xrmso lse gragation. In the case of fast aggregation of the colloid catalyst, the
sta e be lrver ted, catalytic rate is generally predicted to decreases as a power law of

time. In the case of slow aggregation catalytic rates are predictedto have an exponential decrease with time. One exceptional case
gives a catalytic rate increasing with aggregation. Polydispersity

T7. 7 could be important in the case of slow aggregations.
GROWTH KINETICS IN A COAGULATION--FRAGMENTATION T7.10
SYSTEM * Iman. M. Elminyami and CM, Sorensen,
Department of Physics, Kansas State University, MULTIPLE SCATTERING IN POWER-LAW CORRELATED
Manhattan, KS 66506. MEDIA. .. R. Melrose, D. Sherrington,The Blackett Laboratory,

Imperial College, Prince Consort Road, London SET 2BZ, UK; S.
We have numerically solved the Smoluchowski rate Sarker, RSRE Gt Malvern, Worcs. U.K.
equation which included both coagulation and fragmen-
tation kernels. A variety of kernels were used with An analysis is made of multiple scattering in random media with
different homogeneities. The mean aggregate size and power law correlations, In the leading approximation to Dysons
number of clusters were found to evolve to equilibrium eraw olations the l eadin appoxi ation ns
values in a characteristic time all dependent on the equation solutions for the frequency dependent attenuation and
kernel homogeneities. During the evolutionary or non- phase velocity are presented. These are discussed in the context of
equilibrium time regimes, the particle size distribu- possible applications to seismology. Intensity effects will be dis-
tion was found to exhibit scaling. These results cussed via the ladder approximation to the Bethe-Salpeter equation.
confirm predictions made in reference 1.
*Supported by NSF Grant CBT8709622. T7.11I

1. C.M. Sorensen, H.X. Zhang, and T.W. Taylor, Phys. SMALL-ANGLE X-RAY SCATTERING STUDIES OF BONE
Rev. Lett. 59, 363 (1987). POROSITY*. Paul W. Schmidt(), David Avnir1 ), Armin R611(l', and

David Nelson(' ) . (a) Physics Department, University of Missouri,
T7. 8 Columbia, MO 65211. (b) Dept. of Organic Chemistry, the Hebrew

ROLE OF AGGREGATION IN THE FORMATION OF COLLOIDAL University of Jerusalem, Jerusalem 91904, Israel.

GOLD PARTICLES*. jun Lu, M. Sarikaya, W. Y. Shih, W. H. Shih, The pores in normal and diseased bones have been studied by small-angle
and I. A. Aksay, Department of Materials Science and Engineering and x-ray scattering. The scattering data give information about the structure
Advanced Materials Program, Washington Technology Center,University on a scale from about 10 to 1,000 A. Scattering data have been obtainedboth for the outer (cortical) and the less dense inner (trabecular) regions of
of Washington. Seattle, WA 98195 the bones. Neutron scattering curves have been recorded in order to
Formation of gold particles in colloidal solutions is studied. The gold supplement the x-ray data. The scattering curves from the bone samples

have been compared with the results from amorphous calcium phosphateparticles are produced by reducing gold chloride with sodium citrate in save be pad ithe rtr
water, and the process is studied at different stages by transmission samples prepared in the laboratory.
electron microscopy. It is found that this process is very different from *Acknowledgement is made to the Donors of the Petroleum Research Fund,
that of the classical nucleation and growth. As soon as the nuclei administered by the American Chemical Society, for support of this work.
(about 2 nm) appear In the solution, they begin to aggregate. The
aggregates grow to very large size (up to 0.2 jim) and the tractal
dimension increases with time. At later times, the aggregates break up
into particles of smaller sizes. After a longer time, all the
particles reach the same size (about l5nm in diameter). The
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T7.12 parameters obtained from multifractal measure and
SMALL-ANGLE X-RAY SCATTERING FROM THE SURFACES OF the thermal stability of the fractal aggregates.
REVERSED-PHASE SILICAS: POWER-LAW-SCATTERING EXPO- T7.15
NENTS OF MAGNITUDES GREATER THAN FOUR*. Paul W.Schmid&), David Levy (b), Axel Hdhrt'), and David Avnirb). (a) Physics COMPSOSED RECURRUNT SETS. Wen Z. Y, Li J. N
Department, University of Missouri, Columbia, MO 65211. (b) Dept. of and Wang H. F, Department of Math., Wuhan Univ.,Organic Chemistry, the Hebrew University of Jerusalem, Jerusalem Wuhan, P. R. China.
91904, Israel.

In this paper, we introduced the composed recurrent sets us-Small-angle x-ray scattering has been used to investigate the pore structure ing a more general method than Dekking's, thus got a large
in fully and partially derivatized silicas on a scale from about 10 to 1,000A. In the derivatizing process, hydrocarbon chains were deposited on the amount of new fractals.
pore surfaces of the silicas. There were hydrocarbon chains on all Ifavailable sites in the commercial fully derivatized silicas. Silicas in which one gives two substitutions 01, O2 over an alphabet A, lethydrocarbon chains were attached to different fractions of the available Y = 1 0 , 02, and suppose -r is a substitution over Z, R thesites also were examined, mirror image of T, then R(T'(Ot)) is a composed substituion

When q, >> 1, where I is the average pore size, q = 4x)-'sin(e/2), % over A. Under certain conditions, for a given word w over A,
is the wavelength, and 0 is the scattering angle, the scattering intensity we can associate each word (R(T'(01 )(w) with a compactwas proportional to q'0 . The power-law-scattering exponent c was subset K. of Rd by the similar method of Dekking. Wegreater than 4. proved that K. converges to a compact subset K in

The value of a depends on the form of the density change at the pore Hausdorff metric and we obtain an estimation of the
boundary. For a smooth pore boundary, in which the density undergoes Hausdorff dimension of K which extends the results of Dek-a finite discontinuitv from a value of zero in the pore to an essentially king and Bedford.
constant value in the body of the silica, c = 4. When the pore boundaryis fractal, < 4. The density transition in the derivatized silicas has been By this method we can obtain the fractal sets with several dif-approximated by assuming that if x is the perpendicular distance into the ferent scaling transformations. We can use this result to dis-silica from the pore surface, the density in the neighborhood of the pore cuss the problems of quasicrystals and disorder systems.
boundary is proportional to xO, with 0 < 5 1. Calculations show that in
this case a = 4 + 20. T7.16
*Acknowledgement is made to the Donors of the Petroleum Research Fund, VISCOUS FINGERING ON 2D LATTICE MODELS NEAR TIlEadmmistcred by the American Chemical Society, for support of this work. PERCOLATION THRESHOLD. U. OxaI, F. Boger. J. Feder and

T7.13 T. Jossang. Department of Physics, University of Oslo, Norway.

FRACTAL DEGRADATION OF RADIATED MACROMOL- Experiments with immiscible fluid-fluid displacement in two-
ECU'LES. Hoiiang Li. Ying Li and Huaming Zhao, Department dimensional porous models have been performed on geometrically
of Chemistrs, Sichuan University, Changdu 610064, The People's well characterized models. By a photoetching technique we produce
Republic of China. two-dimensional models of uniform pores on the nodes of a square

lattice. The bonds connecting nearest neighbors are randomly given
The decradation of the macromolecules radiated bv the ray with one of two permeabilities, k and R . k, their ratio is kept fixed at
high energy is an interesting phenomena whose study is f great R = 10'. The model is filled with a Newtonian high-viscosity
theoretical and practical importance. Based on the facts of cxper- fluid. This fluid is then displaced by centrally injecting air at con-
iment. the relation between the degree of degradation and radiation stant pressure while allowing the viscous fluid to escape at the outer
dose is, gisen by and empirical formula, however, up till now it has boundaries of the model. The resulting displacement patterns are
not been derived from theory. How to calculate it has been the fo- photographed digitized, analyzed and compared with the scaling
cu- of attention for some time. These questions are discussed by predictions:
using the fractal theory in this paper. M(L) LD F(L/. LILR). with D 2 =1.3

T7.14
MULTIFRACTAL FEATURES OF TIE FRACTAL AGGREGATES of Nleakiii et al. 31).
AT DIFFERENT STAGES. L.J.Huang,B.X.Liu*,J.R.
DAng and H-D.Li, Department of Materials Science
and Engineering,Tsinghua University.Beijing 100084 11) P. Meakin. M. Murat, A. Aharony, J. Feder and T. Jessang.CHINA. uAlso at Center of Condensed Matter and Diffusion-limited aggregation near the percolation threshold, Physicafadiation Physics, CCAST (World Lab.), Beijing. A 155.1-20 (19S9)

Multifractal measure was employed to characterize T7.17the fractal aggregates of the iron oxide THE FRACTAL IMENSION OF PERCOLATION CLUSTERS.
microspheres at different stages in thin amorphous . .AKEUard,films. It was found that these magnetic micro- H.C. AKUEZUE, and J. STRINGER, Electric powerspheres were initially open and stringy with a research Institute,Palo Alto, California 94303.
dimension of D=1.350.05. While the aggregates A Monte Carlo method is used to simulate awere subject to long term storage at ambient tem- site percolation problem on a 2-dimensionalperature, all the key parameters of the geometri- square lattice. The variations of the radiuscal features of the aggregates, e.g. the leading of gyration's exponent ,p, with thesingularities, the singularities of the scaling concentration, p , is studied in detail usingat the invaginated regions and the generalized two methods: a new simulation calculation methoddimensions, changed with time elapsed, The results and the classical series proceedure basedalso showed that the aggregates kept self-simi- primarily on the Martin's cluster enumerationlarity, although the screening during evolution algorithm. For the first time, the statistics ofwas supressed by the solid state difussion. We clusters up to the size 16 were studied inpresent the detailed dynamic evolution of these aseries calculation.
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The new computer simulation calculations magnetic particles, i.e. Fe203 ,Co,Cr and Ni,
indicate 0 is not a constant below or above p aggregated on vapor-deposited Fe,Co,Cr and Ni

Also the series calculations show that thin films,respectively,resulting in the forma-
is not constant at or below PC and in the tion of fractal patterns. Transmission electron
vicinity of Pc , o scales with p. Application microscopy examination revealed that these pat-
of the new computer simulation calculation in terns were the result of cluster-cluster aggre-
estimating the fractal dimension of irregular gation.
coal agglomerated particles is also discussed.

T7.18 A linear relationship between the fractal dimen-
sion of the aggregates and the effective atomic

FRACTALS AND DIFFUSION PROCESS. Hanna Nencka. magneton number was found to be Df =Km+c, where
63-200 larocin Pozn., woj. Kaliskie, Sportowa 2/12, Poland. D refers to the fractal dimension, m refers to

Proof of an existense of: the effective atomic magneton number, K and c
are constants found out to be 0.041 and 1.72

1. fractals with the same Hausdorff dimensions and different respectively. Accordingly, when the magnetic in-
teraction among the aggregating particles redu-

spectral dimensions (d =tid,' 0 d) ces to zero, i.e. m=0, the corresponding fractal
dimension is 1.72, which is just the value ex-

2. fractals with the different Hausdorff dimensions but the same pected by the cluster-cluster aggregation model.

specral dimensions (d, # di7.d = d,) T7. 21
FRACTAL MAGNETIZATION ON HIERARCHICAL

is presented. The relationships between the space Ax and time At LATTICES. W.A.M. Morgado, S. Coutinhot and E.M.F.
increments of a diffusion for this class of fractals are considered. Curado, Centro Brasileiro de Pesquisas Fisicas, Rua Xavier Siguad
The diffusion problems for the tree-like fractals are examined as 150, CEP 22290, Rio De Janeiro, Brazil.
well. The local magnetization of the Ising and the Potts models on hi-

T7.19 erarchical lattices is studied by an interative procedure. An exact

LACUNARITY OF FRACTAL AGGREGATES. C. Allain. M. Cloitre, recursion equation between the local magnetizations of the internal
Lab FAST. Bat. 502, Campus Universitaire, 91405 Orsay Cedex sites and the two ends of the primitive graph in a general hierar-
FRANCE.

chical lattice is derived. The magnetization profile of a given path
The lacunarity parameter has been introduced recently to joining the two vertices of several lattices (e.g. diamond, Wheatstone
characterize to what extent a fractal set is not bridge...) are exhibited showing near the critical temperature a
translationnally invariant. Unfortunately, the definitions fractal structure of high non-uniformities over the infinite range of
available up to now in the litterature lead to serious resolution. The f(,) function characterizing how densely the
inconsistencies in the case of deterministic sets and they
cannot be generalized to non deterministic objects such as singularities of the distribution of the local magnetization are dis-
fractal aggregates. In view of this, we propose a new tributed is also presented and discussed.
definition of the lacunarity.

The idea consists in studying the distribution probability The exact critical exponent (L) of the local magnetization is calcu-
of the mass which is embedded in a box of arbitrary size lated straightforwardly from the recursion equation. We found a
shifted in all the possible manners onto the object under nonconstant value for l increasing when we go deep inside the
study. We define the lacunarity parameter as the mean lattice. The exact critical exponent P for the magnetization of the
square deviation of this mass probability distribution, whole lattice is also obtained. For the Ising model on the diamond
This definition is quite general since it applies at any
length scale to sets of arbitrary size which are not and Wheatstone hierarchical lattices our figures for P recovers pre-
necessarily self-similar. In addition, it can be vious results obtained with (I) and without magnetic fields (2).
implemented easily in image processing systems to study
experimental aggregates. I. J.R. Melrose, J. Phys. A 16, 3077 (1983).

In the case of scale invariant objects, the lacunarity 2. A.O. Caride and C. Tsallis, J. Phys. A 20, L667 (1987).
parameter follows a scaling law as a function of the box t Permanent address: Departamento de Fisica, Universidade
size. The exponent is related to the fractal dimension Federal de Pernambuco, CEP 50739, Recife, Brazil.
which can be determined by this way. The prefactor is taken
as a measure of the lacunarity of the object. We test this T7.22
new definition of the lacunarity on determistic Cantor sets
of various types and we check that all the inconsistencies DYNAMIC PROPERTIES OF SOL-GELS...E. Martin and D.
encountered in the previous definitions disappear. Adolf, Sandia National Laboratories, Albuquerque, NM 87185.
Moreover, we establish its interest to characterize the
geometry of experimental aggregates. Gelling systems exhibit novel viscoelastic properties in the vicinity

T7. 20 of the sol-gel transition. A scaling theory of these phenomena is

LINEAR CORRELATION OF FRACTAL DIMENSION VERSUS presented, along with extensive measurements on silica and epoxy

MAGNETIC INTERACTION. B.X.Liu, Center of Con- gels.
densed Matter and Radiation Physics, CCAST
(World Lab.),Beijing and Dept. of Materials Sci- T7.23
ence and EngineeringTsinghua University,Beijino
100084,CHINA; and J.R.Ding, Dept. of Materials WAVELET TRANSFORMATION OF FRACTALS OBSERVED IN
Science and Engineering,Tsinghua University, THIN SOLID FILMS. J.R.Ding and L.J.Huang, Dept.
Beijing 100084, CHINA. of Materials Science and Engineering, Tsinghua

University, Beijing 100084, CHINA; and B.X.Liu,
A systematic study on fractal aggregation of Center of Condensed Matter and Radiation Physics,
magnetic particles was performed. Four kinds of CCAST(World Lab.),Beijing and Department of
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Materials science and Engineering,Tsinghua Uni., quality, containing a lot of hydrogen and many
Beijing 100084, CHINA. microvoids. This phase is of a low structural order.

By etching the a- and uc-Si:H films in a hydrogen
Fractal structures were observed in ion-irradi- rf plasma one is able to reveal the various phases,
ated Ni-Mo and Ni-Zr alloy films by transmission the crystals of the uc-Si:H film and the phase of
electron microscope examination. The fractal high quality in the a-Si:H type of film. The
dimensions were determined to be 1.72_0.02 and structures that become visible are fractal-like. In
1.4±0.1, respectively, the case of the uc-Si:H type of film the fractals

form a closed network. In the case of a-Si:H the
To study the local scaling properties of those fractals are segregated. The fractals can be
observed fractals, wavelet transformation was regarded as crystalline in both the a- and uc-Si:H
performed. Since the fractals in our case were film. The existence of the fractals might be very
observed in the real physical process, the scale important for a better understanding of the
parameter "a" should be restricted within a rele- electrical and structural properties of the a- and
vant range. The different local scaling features uc-Si:H films.
of the fractals observed in the Ni-Mo and the
Ni-Zr systems were compared. The f-. spectra T7.26
yielded from wavelet transformation as well as CHAIN CONFORMATION OF IONOMERS IN A
from multifractal analysis proposed by Halsey et NON-POLAR SOLVENT. D.C. Hong, Physics Department and
at. are also presented. Center for Polymer Science and Engineering, Leigh University,

T7.24 Bethlehem, PA 18015.
ANALYTICAL EXPRESSIONS FOR THE PERMEABILITY OF
RANDOM TWO-DIMENSIONAL POISSON FRACTURE NET- We consider the conformation of ionomers that carry metallic group
WORKS. Kevin Hestir,* Jane Long, and Kunal Ghosh,** Lawrence at each monomer site. This metallic group forms a point dipole in
Berkeley La5tory,-'lTFerkeey, CA.
Hydrological studies of flow through cracks in solid material is a non-polar solvent. In the presence of a strong electric field, the
modeled on a two-dimensional Poisson network of fluid conducting dipoles are expected to align themselves along the direction of the
lines called fractures. The permeability of such random fracture net- external field. In this limit, the exect renormalizaion group method
works can be studied using percolation theory and equivalent media yields the relation between the end-to-end distance R and the chain
theory, which are usually applied on regular lattices where the lattice length N as: R = N with a = 2/d for 2 < d < 4. The chain is thus
elements are present with probability, p. In order to apply ihese fully stretched in 2 dimensions. A modified Flory theory also yields
theories to random systems, we must (1) define the equivalent to the
case where p = 1, (2) define p in terms of the statistical parameters of the same result. The relevance of our results to the experiment is
the random network and (3) define the equivalent of the coordination also discussed.
number, z. An upper bound for permeability equivalent to the case of
p = I is found by calculating the permeability of the fracture network T7.27
with the same linear fracture frequency and infinitely long fractures. "FRACTAL ASPECTS OF MATERIALS"
The permeability of networks with the same fracture frequency and
finite fractures can be normalized by this maximum. An equivalent for THE DIFFUSION COEFFICIENT OF A REITATING POLY-
p is found as a function of the connectivity, , which is defined as the
average number of intersections per fracture. The quantity can be MER. J.M. Deutsch and T.L. Madden, University of California
calculated from the distributions of fracture density, length and orienta- at Santa Cruz, Santa Cruz, CA, 95064.
tion. The equivalent p is defined by equating the average run length
for a random network as a function ofT to the average run length for The dynamics of a polymer in a network of entanglements is stu-
a regular lattice as a function of p. Also, an average coordination
number z can be calculated for the random systems as a function of . died. The viscosity and diffusion coefficient were studied in the
Thus defining p and z, we present in this paper, the expression for per- repton model for up to 75 links. First we derive the correct pro-
meability based on equivalent media theory. (Percolation theory cedure for calculating the three dimensional diffusion coefficient
results are discussed in Ref. 1). Numerical studies provide strong sup-
port for this model. To apply the model to random length systems, the in this model. We find that the diffusion coefficient scales as
expression for C must be modified to remove short fractures which do L 2.3 . This result is in marked contrast to the asymptotic L 2

not contribute to flow. This leads to a quantitative prediction of how
permeability decreases as one removes shorter lines from a network. prediction of reptation. We see that the asymptotic behavior of
1. K. Ghosh, K. Hesnr, and J. Long, this conference, the diffusion coefficient must have corrections of the order of
*Permanent address: New Mexico State University, Las Cruces, NM L - 12 . This implies that fluctuations in the tube length cannot
*Permanent address: Jackson State University. Jackson. MS provide an adequate explanation for the experimental data. The

T7.25 viscosity is found to scale as L3 4 '19 .13 , in accord with experi-
FRACTAL ASPECTS OF HYDROGENATED AMORPHOUS AND mental data and other numerical results.
MICROCRYSTALLINE SILICON.
R.C. van Oort, J.C. van den Heuvel, M.J. Geerts, T7.28
Delft University of Technology, Faculty of
Electrical Engineering, Mekelweg 4, Delft, DIFFUSION OF LINEAR POLYMERS IN GELS. S. Pajevic,
the Netherlands. R. Bansil and. C. Kohiik, Boston University.*

The film surface of hydrogenated amorphous (a-Si:H) We have used photon correlation spectroscopy to study the (hf-
and microcrystalline (uc-Si:H) films etched
in a hydrogen rf plasma were examined by using fusion of linear polystyrene (PS) with molecular weights ranging
scanning electron microscopy. Microcrystall ine from 5,000 to 700,000 in methacrylate gels made by copolymerizing
sil icon is a mixture of crystals imbedded methyl methacrylate (MMA) and ethylene dimethacrylate (EDMA)
in an a-SI:H matrix. Hydrogenated amorphous silicon in toluene. The linear polymer at a very dilute concentration was
generally is regarded as a material
consisting of two phases. One phase of a high added to the mixture of monomers in toluene prior to gelation of
electrical quality and a high structural order, MMA and EDMA. Since toluene is isorefractive with the MMA
more or less imbedded in a second phase of poor the measured correlation function determines the diffusion of the
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linear polystyrene. Single exponential fits and 4th order cumulant *Cauchy-(boundry-value)-problem solution versus non-solut-
analysis were used to determine the diffusion constant D as a func- ion f or Hyperbolic Differential Equations (wave-equation,
tion of M, the molecular weight of PS. eikonal-equation,Huygens'-principle) of Courant & Hilbert

for even versus odd integer spacetime dimensions
eXact Topology knot -to -unknot unknotting above second even

We found that D exhibits different scaling behavior depending on integer(DMd c-4)dimension and nonexistence of topology below
M. For low molecular weight PS D-Al-06 and DID. is independent first even integer dimension(Dcd -2)
of M, (D. is the diffusion of PS in toluene) indicating a Stokes- eNumber Theory existence of firs% even integer as "the odd-

Einseintypeof iffsionl mchaismForPS ith > M, a eat prime"being the only even prime number~thus the leastEisentpWf ifsoa ecaim andS ihM> , common divisor of all even integers(dimensions), .*critical molecular weight, wefind D-M.±0.2 adDID,.- . t. dominating the (Synergetics Paradigm & Dichotomy) suoeruniv-
characteristic of reptation. M, depends on the extent of crosslinking ersality of phsig at at
in the gel. For very high molecular weight samples we observe dir- eField Theory at d -d--(l+l)= 2 & d -dc -(3+1)I4 of Cole-

fusion ~ ~ ~ ~ ~ ~ ~ ~~ o Crsat uhgetr hnwudb rdctdb a n rn- iticalver extensivel throughout physics!fusion ~ ~ ~ ~ ~ ~ mg constant muc gratrthntoldbipedcedb Phenomena p ase-transition critic-
reptation, and furthermore the molecular weight at which departure critical-dimensions at Nd -fl4~l)-2 and D-d -(3+1)-4
from reptation becomes evident decreases as the temperature or the eSpecialf light-cone at dst=a c .(+Y=±.. and 6eneral(Takagi
amount of toluene is lowered. We believe that this is due to in- Ooguri--...) Relativity

creaingincmpaibiityof he olymr ad te gl. hes reult *Mfixed Bose-Einstein:Fermi-Dirac"anyonaItatistics of Wilczekcresin inomptiblit ofthepolmerandthegel Thse esuts bosons in even integer versus fermions in odd integer space-suggest that the diffusion of a polymer in a gel is more complex than time dimen ions & o
predicted by the reptation model and that it is influenced strongly eSynergetics Paradigm & Dichotomy Suneruniversality Class &
by the nature of the interaction with the gel matrix. Crossover Principle Fractal-Diffractal Calculus fractal-dim-ensionality uncertainty fluctuation ugp Meager fractal-dim-

*Suporte by SF.ensionality (continuous) manifold with "AUW THCAT"at D-dc2

T7 .31
T7 .29 SYNERGETICS PARADIGM & DICHOTOMY: SELF-ORGANIZED-CRITICALITY.
SYNERGETICS PARADIGM & DICHOTOMY AS A SPECIAL CASE OF MODERN AUTOMATIC MATHEMATICAL CATASTROPHES("AUTMATHCATS"), MODERN
THEORY OF CRITICAL PHENOMENA: FRACTAL-GEOMETRY - SCALE-INVAR- THEORY OF CRITICAL PHENOMENA,* INFINITE CONDUCTANCE FLUCTUAT-
IAE. Edward Siegel, Synergetics Paradigm & Dichotomy, 183- IONS, FRACTAL-CRYPT'OGRAPHY,-LITHOGRAPHY,-FILIMEN'TATION-SUPER-
14 AeuSnFacsoC.41 CONDUCTIVITY: SUPERUNIVERSALITY CLASS & CROSSOVER VIA DIM-

Avene, Sn FancicoA.9418.ENSIONALITY UNCERTAINTY FLUCTUATION: FRACTAL-DIFFRACTAL CALCth
Synegetcs Pradgm &Dicotoy ismanfesty sownULUS. Edward Siegel. Synergetics Paradigm & Dichotomy.183-14

by-step, to be a special case of the modern theory of Avne SacrnisoC.rit(-h .on IASih
ical-phenomena, in fact having been propbesized by Ma and Synergetics Paradigm & Dichotomy suocruniversality class&
Toulouse & Pfeuty . As a fractal-Berry diffractal calculus, crossover is an ostensibly fractal-diffractal calculus upon a
its dependence upon scaling-laws/relations of fractal-geome- Menger continuous fractal dimensionality manifold,* admitting
try is exactly equivalent to MTCP dependence upon scale-inv- derivitive d/dD implimented via Aitawa-Fujisaka-Mandelbrot-
ariance, rediscovered in Blak et.al. "self-organized-critical- Siegel fractal-dimensionality uet inty fluituations AD[se-
ity". Explicitly the 1:1 mapping equivalence is: if-affine & multifroctal: D "sSADbD #... ].with auto-

m.T.C.P. 1:1 MAP S.P.D. matic-mathematical-catastroPes ( R ~ig~i") at even integ-
FUNCTION CRITICAL-EXPONENT FUNCTION "JOB" er dimensions, throughout pure mathematics[topology(Jordan cu-

rye theorem,knot topology,graph theory,hyperbolic differential
):(IT-TI1)1./tT-T I ,~~ ~ w~/,n out equation Cauchy-(boundary value)-problem solutions,number the-

c c >out) ory and "space"-filling of fractal-eometry] dominating/caus-T(ITT cI)%/IT- cl -VS12 L2 ./wL out ing dimensionality-driven infinite conductance fluctuations
IT-T 1)V1/1T-Tc -J-192/3 ?-? V(wAl/w? out throuphout physics. Blak "aelf-organized-criticality" is ident-

c c - ;r-~r/ d-D in ified'as a special case:S.P.D.is manifestly demonstrated to be
d-2+ TZ 0 Sg% gr/ in itself a special case of modern theory of critical phenomena

G £)T- l/r d '& 7 by its characteristic universal critical-exponents~as has Bak'sor c C.A:g(%r);g(r)/% dD in S.O.C. Other manifestations in:field theory~general relativity,
or27SS:(L%-~ in elementary particle physics.special relativityM.T.C.'.,A.-I.S(k)tT.T c 9/k ~ If to d vs coanition.biophysics~string theory~cosmology,quantum theory

c 1,SA:S&k%)-SQk)%dD in [Zitterbewegung I.C.F. with 1/f noise signature/"echo"-Heisen-
berg Uncertainty-Principle~manifestly proving exact equivalenceconnecting MTCP thermodynamic and transport functions: gen- of three Principles: Correspondence - Complementarity - Uncert-

eralized susceptibility;correlation/coherence length S; ainty!], Kaluza-Klein theories. Newton's law~nonliaear-dyvamics..
pair correlation/distribution function,7(;equivalent to static abound and are exhaustively detailed. Supeuniversal local -to-
structure factor/diffraction-pattern 5(kt) to SPD analogs. glo al phase-transition critical-phenomena with 1/fuwhite -to-
Critical-exponent Fisher equality scaling-law (2V)7/1 1/f flicker [fluctuation-dissipation theorem-equivalent] noise
explicitly expressed the SPD function connection equivalence: and susceptibility power-epectra.infinite with d/dD.dominate
[-ln 5(k)f /I k] [ln(l/JZ) / ln(l/.7)] in MTCP equivalent physics as a~if not the) "couson-functioning-principle"! . the
to [-In S5 l'-T /ln k [ln(l/X) / ln(l/,kL~ in SPD exactly! consequence of scale-invariance~gauge-invariance and dimension!
l.S.-K.Ma,Modern Theory of Critical-Phenomena,Benj.(76)-p.496! T7 .32

Ti. 30
AUTOMATIC MATHEMATICAL CATASTROVE ("AUTHATHCAT"I AT EVEN SUPERUNIVERSALITY CLASS & CROSSOVER OF SYNERGETICS PARADIGM &

INTGE CITCA-DIENIOS -d-(+1)? Dd (3)- DICHOTOMY MANIFESTATION OF CONSEQUENCES OF SCALE-INVARIANCE(-
SUPERUNIVERSALITY IN MATHEMATIC9 DOMINATING PHYICS._Fj RCA-EMTY HOGOTPYISDMNTN HSS
adSiegel, Synergetics Paradigm & Dichotomy, 183--14 "Ave. ard Siegel, Synergetica Paradigm & Dichotomy, 183-14 Avenue,

San Francisco,CA.94118. San Franciaco.CA.94118.

Automatic mathematical catastrophe ("AUTMATK~rT") at even Synargetics Paradigm & Dichotomy special case of Modern Theory
j~jg criica-dimnsios (paceime)D~d .(li)..~and of Critical Phenomena (KX'P) exhibition of aUoeruniversality

D-d 3~n runvesalty n ate tcs class & crossover as direct consequence of self-similar vers-D--.JI- ,,uiesa yi ateai! E us self-aff ine fractal scaling-laws/relations upon Berry diff-
e Frictal-Geo; try "sace-ilig "curves- G tDdieger rectal ecaling-lawe/relations, dominant scale-invariance sy-eraph Theory of Polys and Rayleigh :recurrence(Didc.2) ver- etry consequence via Noether's theorem upon conservation-laws:
aus tranaience(D)d .2)
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FRACTAL[r-pace]---b DIFFRACTAL[k-8/or w-space] experient.. . ... iton, and ere n. .. lJ r.141 . The eect..

SCALING-RELATION ARP- DENSITY-OF-STATES POWER-SPECTRA diffraction .-per ri nts sh-i that "oO3- cryst.i. a-e .-,io..-4 -

Self-S~iilar( d -2) L Constant NOISE-SUSCEPTIB. tals. The pouible iro-.tt .echaraxac . I the fr-t..l patte .

a(Zr)a(r)/jt -  IZATION N(w)-O White Whit6
Self-Affine Dc,2 ) DELOCAL- Linear(MLS) l/we 1/w di.....d.

g(;r)=g(.r)YZ- IZATION N(w)-n.w Flicker Flicker T7.35

INFRA-RED DIV. I/wn  l/wn-  MULTIFRACTAL POROUS ROCK. J. L. McCauley, Physics
where Aoderfo3-Rsjleigh;PolyF (ARP) localization F localty Department, University of Houston. Houston, TX
is ei kr-w't -k -re-W twith complex(non-conserved) wavevec- 7700, USA; J. Mulle, A. T. Skjeltorp and J. P.
tor/momentum[k-k'+ik"] /or frequency/energy[w-w'+iw"J versus Hansen, Institute for Energy Technology, N-2007
AR -delocalization * globality plane-wave propagation ei( 

"r-  Kjeller, Norway.
wt with real(coys~rvation) [k-k' ;k"-O-w-;w'.w"-OJ ;SuperUniversal:

MU (CorrespondencemComplementerity-Unc eri nty) The multifractal spectra of porespace of twoclsicl -u.2) smooth atn (article) certaint s #T7,1wno
c lRESPO -c PLEdstA2) 5 at UNCERTAI y .twI different types of North Sea sandstone are measured

quantum ID L29). it er ujergainty N using optical microscopy and a box-counting
phscalO p br on-pfor .c"u niv , r a vs.ot-earl technique. The empirical results are described by a
physical universe wit divergence at Ddc-(l1l)-

2 of:h&E k& very simple planar Cantor set which is a
S;and"downdivergence"of:N=I from 1 to finite & "c"from oo.B multifractal Sierpinsky carpet. The good agreement

*BIOPHYSICS OF LIFE:(d-2)Davydov soliton -to- (D)2)Frohlich between the data and the model shows that sandstone
coherent electric polarization wave Bose-Einstein condensation porevolume can be modelled by the simplest two-scale
of DelGuidice et.al.,with Gol'danskii glassy biopolymer MIS. Cantor set on an octal tree.
OARTIFICIAL-INTELLIGENCE(COGNITION) eNONLINEAR DYNAMICS(Chaos)
eQUANTUM FIELD THEORY aMODERN THEORY OF CRITICAL-PHENOMENA... T7.36
1&2 .E.SiegelSchrodinser Centenary(87);Fdns.of Mod.Phys.(87) CHARACTERIZATION OF THE MECHANICAL FAILURE SURFACES OF

T7.33 ENERGETIC MATERIALS BY POWER SPECTRAL TECHNIQUES. M.

DIMENSIONAL-CALCULUS OF DIMENSION-THEORY IMPLIMENTATION OF Yvonne P. Lanzerotti, James J. Pinto, U.S. Army ARDEC.

SYNERGETICS PARADIGM & DICHOTOMY "COMMON FUNCTIONING PRINCI- Picatinny Arsenal, NJ 07806 5000; and A. Wolfe, New York

PLE" PARSIMONY-OF-DICHOTOMY DOMINATION OVER SPECIFICITY-OF- City Technical College, Brooklyn, NY 11201

COMPLEXITY. Edward Siegel, Synergetics Paradigm & Dichotomy
183-14thAvenue, San FranciscoCA.94118. Composition B is a composite energetic material containing

59% cyclotrimethylenetrinitramine (RDX), 40% TNT, and It

Synergetics Paradigm & Dichotomy "common functioning princip- wax. The nature of the fracturing of this material and

le" auperuniversality class crossover ubiquitously all perva- the characterization of the fracture surfaces is of

ding throughout physics deriving from pure-mathematicsexhib- considerable practical and scientific interest. The
iting automatic mathematical catastrophes ("AUTMATHCATS") at fracture surfaces of the material under study are obtained
even-integer critical-dimensions: by accelerating prepared samples in an ultracentrifuge.LOCALITY. PARSIMONY of GLOBALITY

LOCALIT PARSIMONY.of-CL-BA-ITY When the tensile or shear strength is exceeded a fracture

1/f -WHITE DICHOTOMY 1/fl-FLICKER surface is obtained. Using a diamond stylus profilometer.

[fluctuation-dissipation theorem-equivalent] noise and gener- the topography of the fracture surface has been studied

alized-susceptibility power-spectrum, is derived via dimens- from a wavelength of 1.0 micron to nearly 1.0 centimeter.
ionsl-calculus. Orthogonal to the fractional-calculus.with The spatial power spectra have been calculated from the
jV7j /xoperations,[integer dimensions for ord~ry-calculus] data using a prolate spheroidal data window in the

dimensional-calculus dimensional-derivitive 1/D and dimens- horizontal apace domain prior to the employment of the
ional-integral S... 5dD impliment Mandelbrot-Atawa-Fujisaka2  fast Fourier transform algorithm. The power spectra are
fractal-dimensional uncertainty flu~tuations 6 for self-aff- found to decrease with increasing spatial frequency.
ine and multi-fractals Db o D s D versus self- Peaks corresnd ing patil fre e rved
similar D *D -D . Ui 3Ra cyHirnRP9sl Riemann-surf- Peaks corresponding to the RDX particle size are observed
ace, iapl entIfln SMrslnsional-derivitive S7borthogonal in the Composition B power spectra. These peaks indicate

to ordinary- or fractional-derivitives, as a fibering exhib- that the fracture is occurring at the interface of the

its "AUTMATHCATS" when operating upon equivalently:noise or RDX and TNT grains in the composite, mixed material. The

generalized-susceptibility power-spectra P(w;D)- (w;D)-"l"/ log of the root-mean-square roughness of the fractured

wn(D)or critical-exponent nCD) 8long this fiber-bundle. Inv- surface interface is found to be directly proportional

erse dimensional-integrals S...JdD exhibit hysteresis flag to the log of the profile length.
of "AUTMATHCATS". Implimentation via Heaviside operational-
ca4lus of Ri¢qnn-surface cylinder n eri results in: T8.1
(VN -D)["/w'1 ]'/ L I(D-dc)= [-In w/wlN)i/ D)ln(DII(D-dc)
with ((TfD)fn(D)1(D-dc)a[2(n(D))-l](I D)[n(D-dc)]=n(dc)f BROWNIAN DYNAMICS OF BRANCHED POLYMERS.
In(dc) for dc-even-integer critical-dimensions. M. E. Cates. Cavendish Laboratory, Madingley Road, Cambridgc

l.E.Siegel,lntl.Conf.on the Fractional Calculus.Koriyama(89) CB3 OHE, UK.
SIAM Ann.Mtg. San Dieao(89)Statphys-17.Rio de Janeiro(89)

12 4 )i D e n n s Chaotic ;v,, prin ) T he statics and dynam ics of a quenched polym er sol are con idered.
An ideal quench is argued to have no effect on the fractal dimension

T7.34 of clusters. The hypcscaling relation may be understood in terms

of the excluded volume between flexible clusters of quenched net-

ror.-,1.. of l-actal Patterns of Crystel work structure. The screening of hydrodynamics in a systcm with

L, , P h . . T r 1, .fIs, Lt .... hyperscaling remains poorly understood, with Rouse and Zimm

limits as bounds, but the real behavior probably lying in between.

We consider how to modify existing results for quenched sols. so as

The small pieces of molybdenum heet were heated at SUODC n to allow for slow reversible breaking of the cross-links. This is a first

particular oxidizing sml,ient. Some two-disernsior-,l fractal pat- step toward the dynamical description of equilibrium sols.

terrs of moo)3. crystals grew during phaae tranaformatio, The>

are the results of Diffusiur.-Li1mited Cluster Aggrea.tio ILCA.

Tneir fractal dimensions are different each .,ther oider the a.e
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TS.2 Department of Chemical Engineering, University of Michigan,STATIC AND DYNAMIC PROPERTIES OF CONCEN- Ann Arbor, MI.
TRATED SOLUTIONS OF BRANCHED POLYMERS ELAB-
ORATED NEAR GELATION THRESHOLD. M. Delkanti (1), We employ mean-field rate equations to study gelation in both
..P. Munch (+,I), M. Adam (I) and D. Durand (2). open and closed systems undergoing aggregation and breakup.

We consider the aggregation rate kernel Kii = ij, which is known
Synthesis of polvdisperse randomly branched polymers near the to lead to a gelation transition for irreversible aggregation in
gelation threshold are correctly described by percolation. Using the closed systems. We find that the existence of a gelation
techniques of dynamic, static light scattering, and small-angle neu- transition for aggregation-fragmentation depends upon the rate
tron scattering the space-time dependence of the structure factor of of breakup, the feed and removal rates, and in some cases also
moderately concentrated solutions has been determined. In this upon the initial conditions. Furthermore, our results show that
concentration regime, the various polymers are no longer far away the presence of breakup terms may lead to novel kinetic

behavior. For example, consider a model of coagulation withfrom each other as would occur in very dilute solution, and smaller single-particle breakoff, described by the aggregation kernel
polymers penetrate the largest ones. The main result is that in-
creasing the polymer concentration, the profile of the dynamical ij and fragmentation kernel Fij = a ( (j+I)8i + (i + I)biP). We find
structure factor goes from a stretched exponential function, with an that the scaling exponent T, which describes the large-size
exponent which decreases as concentration increases, to a power law behavior of the steady-state size distribution for a above a critical
function. The dynamical properties of these systems are similar to value ac , is 7/2 rather than the usual value 5/2, indicating that
those observed in disordered media near the glass transition. this process belongs to a new universality class of gelation. We

conjecture a three-parameter scaling relation for the approach toI. Service de Physique du Solide et de Resonance Magn~tique, gelation: ck = 'F(k/tz, e. ) with z-= 7/2, z = 2, and co = 1, which
CEN-Saclay, 91191 Gif-sur-Yvette Cedex, France.CENSalay 9191Gi-sr-Yete Cde, Fane.describes the scaling of the size distribution Ck for - a- (ax - cc )--2. Laboratoire de Chimie et Physico-Chimie Macromol6culaire,
Unit6 associ6e au CNRS, Universit&a.e du Main, route de 0, k --4 o and t c. We verify this form for limiting cases t =
Laval. 72017 Le Mans, France. LM, e -- 0 (approach to gelation of the steady-state solution) and

4- Permanent address: Laboratoire de Spectrom~trie et d'Imagerie
Ultrasonores. Universit& Louis-Pasteur, 4, rue Blaise-Pascal, e= 0, t -o - (dynamics at the critical value of a).
67070 Strasbourg Cedex, France. TB. 5

T8. 3 ELASTIC PROPERTIES OF COLLOIDAL GELS*. W ,

DYNAMICS OF POLYMER GELATION. Michael Rubinstein. j. Liu, W. Y. Shih, M. Sarikaya and I. A. Aksay, Department of
Materials Science and Engineeringand Advanced Materials TechnologyCorporate Research Laboratories. Eastman Kodak Program, Washington Technology Center. University of Washington,Company. Rochester. NY 14650 Seattle, WA 98195

Gelation is a continuous phase transition well described Elastic properties of colloidal gels are studied both experimentally
by static scaling theories' (classical or critical and theoretically. In the scaling theory that we developed, a gelstructure is modeled as close packing of fractal clusters formed bypercolation dependent on whether the Iinear sections aggregation. Expressions for the elastic constant and the yield strain as
between crossl inks are long or short). a function of particle concentration are given. There are two regimes

depending on the relative strength of the clusters and of the linksA simple dynamic scaling theory2 based on the Rouse between the clusters. In the strong-link regime, the elastic constant
model with the distribution of sizes of branched increases but the yield train decreases with the particle concentration.
polymers determined by the critical percolation theory In the weak-link regime, both the elastic constant and the yield strain

increases with concentration. Crossover from the strong-link to theis in excellent agreement with recent experiments. weak-link regime can occur as the concentration increases. Rheological

In the case of classical gelation with long linear study on silica gels clearly demonstrates the scaling behavior of eachregime and the crossover. The theologically deduced fractal dimensionentangled sections between crosslinks there is a time of the clusters is consistent with the light scattering measurements.
regime with dynamics dominated by entanglements
crossing over at longer times to the Rouse regime. 3  This work is supported by AFOSR/DARPA under Contract No

AFOSR-87-0114

I. E. V. Patton. J. A. Wesson. M. Rubinstein, J. C. Wilson, T8.6
and L. E. Oppenheimer. Macromol. 22. 1946 (1989) J L Stehle, P Evrard,SOPRA, 26/68 rue Pierre Joig-

2. M Rubinstein. R. H. Colby. and J. R. illmor in Sp&ae- neaux, 92270 Bois-Colombes, FRANCE. V Mazzacurati,
Time Organitiz in Macrcuioleular Fluids, Eds. F. universita degli Studi di Roma 'La Sapienza',00185 Roma, ITALY. G Ruocco, Universita degliTanaka. T. OhtaandM. Doi, Springer-Verla& Berlin Studi di L'Aquila, 67100 L'Aquila, ITALY. J"N
(1989) Willis, L C Hammond, ARIES/QEI, 5A1 Damonmill

3. M. Rubinstein, S. Zurek. T. C. B. McLeish. and R. C. Ball. square, Concord ,,A 01742, USA.
submitted to J. Physique (Paris) Light scattering is a rapid, non-destructive tech-

T8.4 nique for analysis of critical lengths in fractal
materials. The shape of the low-frequency Raman
and Brillouin spectra as important as theirKINETIC GELATION IN SYSTEMS WITH AGGREGATION, spectral positions. This data is difficult to ob-BREAKUP, AND FLOW. R. Dennis Vigil and Robert M. Ziff, serve, due to high stray light.
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A new double spectrometer, used in double pass Geometrical multifractals are complex patterns that can be de-
configuration (DMDP) , has been developed, with a scribed in terms of an infinite hierarchy of mass exponents corre-
higher signal/noise ratio than a multi-pass Fabry
Perot interferometer. This new instrument will be sponding to the local scaling of the mass. Since the distribution of

described, growth probabilities in diffusion-limited aggregates (DLA) has been
shown to be multifractal, it is natural to ask: Is DLA a geometrical

Brillouin and Raman intensities can be measured in multifractal or it can be described by a single fractal dimension?
the same conditions, enabling calculation of ab-
solute Raman intensities, by comparison with the
s ouRan intensitis byr compvenlasrsowith t We have used very large off-lattice DLA clusters and a generalized

sand-box method Q which is particularly well suited for investi-

The first results obtained for transparent gations of geometrical multifractality Q to study the scaling of the
materials, including polymers, gels, glasses and mass distribution in DLA. Our results show that the generalized
AgI, will be presented. dimensions D(q) decrease monotonically with increasingq, demon-

T 7 strating that DLA clusters are multifractal. We also show that the
true fractal dimension of DLA clusters, D(0), is larger than the

MULTIFRACTAL STRUCTURE OF POLYMER-MODIFIED CEMENT PASTES. usually accepted value, because the commonly used methods for the
V. M. Castahio, Instituto de Ffsica, U.N.A.M., A.P. 20-364
Mxico, D. F. 01000 and P. W. Schmidt, Physics Department determination of the the fractal dimension give D(2).

223 Physics Bldg., Univ. of Missouri, Columbia, M0 65211. 19.3

Several techniques, ranging from low angle X-ray and neu- THE MORPHOLOGY OF COPPER ELECTRODEPOSITS.
tron scattering to digital processing of optical and elec- J.R. Melrose, The Blackett Laboratory Imperial College, Prince
tron microscopy micrographs have been utilized for stuying Consort Road, London SW7 2BZ; D.B. Hibbert, The Department
various regimes of fractal structure in plymer-modified
portland cement pastes. The results indicate clearly the of Analytical Chemistry, University of New South Wales. P.O. Box
role of polymer in capilar pures whereas gel porosity is 1, Kensington, Sydney 2033, Autralia.
not affected by the addition of polymeric materials. Al-
so, a discussion of the relation between the mass and sur- We report observations of the micron scale morphology of copper
face fractal dimensions obtained by the different experi- electrodeposits with emphasis on relating it to the morphology,
mental techniques is included, fractal or dense radial, on the cm-scale.

T9. 1
FIXED SCALE TRANSFORMATION APPROACH We find that:

TO THE DIELECTRIC BREAKDOWN MODEL. I. Concurrent changes of micron scale morphology and electrical
L. PIETrRONERO, Univerjit4 di Roma, P1 A. Moro, 00185 Roma, resistance are observed.
Italy, A. ERZAN,University of Groningen, Melkweg 1, 9718 EP Gro-
ningen, The Netherlands, and CARL EvERTSZ,Yale University, Box 2. Interfaces between dense radial and open cm-scale

2155 Yale Station, New Haven, CT 06520, USA morphologies are composed of a three step transition between
micron scale morphologies, many features of this transiton are
a challenge to understanding.

We discuss a new theoretical approach to the computation of the 3. Under changing growth conditions it is possible to drive a
fractal dimension of clusters grown with the Dielectric Breakdown metamorphosis from dense radial to open deposit; a concurrent
Model and the Diffusion-Limited Aggregation Model. This approach metamorphosis is observed on the micron scale.
provides quantitative insight into the role of the screening and scale
invariance of the Laplace equation in the formation of fractal pat- T9.4

terns. RANDOM WALKS AND THE DOUBLE LAYER IMPEDANCE. Thomas C.
Halsey, Michael W. Leibig, The Jmes Franck Institute and

The approach exploits the scale invariance of the clusters which im- the Department of Physics, The University of Chicago, Chi-

plies that knowledge of the distribution of the two diagrams needed cago, I1.

in a dyadic coarse graining of clusters, can be obtained by considering we present a numerical procedure, based on a random walk al-
their distribution at an arbitrary fixed scale. In the above approach, gorithm, for determining the analytic structure of the i,-
this distribution is obtained as the fixed piont of the Fixed Scale pedance of an ionic solution in contact with a perfectly
Transformation. The box-counting dimension is then a simple fune- polarizable metallic electrode, which may have a simple or

tion of this distribution, fractal geometry. This technique is based on earlier work
on a Green's function formulation of the impedance problemt.

We compare the theoretical results with those obtained from nu- This technique applied to the problem of a deep groove
merical simulations in the cylinder geometry and show a movie on yields the correct CPA type behavior. This procedure ap-
the actual growth process. plied to a Diffusion Limited Aggregate, a DLA, indicates

that DLA does not exhibit a CPA type impedance, but its
T9.2 analytic structure for small w has a logarithmic depen-

dence. We discuss the universality of this behavior.

GEOMETRICAL MULTIFRACTALITY OF DIFFUSION
LIMITED AGGREGATES, Tames Vicsek, Department of Phys- 'TC lsey, Phys. Rev. A 36, 5877 (1987).
ics, Emory University, Atlanta. GA 30322, and Institute for Tech-

nical Physics, P.O. Box 76, H-1325 Budapest, Hungary, Fcreydoon T9.5
Family, Department of Physics, Emory University Atlanta, GA BROWNIAN TRAIL RECTIFIED. Alan J. Hurd and Pauline
30322, Paul Meakin, Du Pont de Nemours and Co., P.O. Box. Ho, Sandia National Laboratories, Department of Energy Contract
80356, Wilmington, DE, 19880. No. DE-AC04-76-DP(X0789, Albuquerque, NM 87185-5900.



The experiments described here indicate when one of Nature's best Diffusion-limited reaction kinetics becomes anomalous not only
fractals--the Brownian trail--becomes nonfractal. for fractals, with their anomalous diffusion, but also for low-

dimensional (one and two) and disperse media, where the
random walk is compact. We focus on annihilation,In most ambient fluids, the trail of a Browian particle is self-similar recombination and trapping reactions under non-equilibriumover many decades of length. The trail of a submicron particle steady state (steady source) or batch (big bang) conditions. The

suspended in an ordinary liquid, for example, recorded at equal typical reactions are: A + A - Products, A + B - Products andtimend interals, exhitsnaary liuidino usm , cage in ve A + C -+ C + Products. We are interested in the global ratetime intervals, exhibits apparently discontinuous changes in velocity laws, and their relation to particle-particle distributions (e.g.,from the millimeter level (where convection or sedimentation can pair-correlation and nearest-neighbor distribution functions)be important) down to molecular levels. Only when the time inter- attd in local rate laws (if definable). Anomalous reaction
val is shortened to 10-9 s does the velocity appear continuous, kinetics (more than classical kinetics) is particularly sensitive to

initial conditions, source term structure, conservation laws (e.g.,
equal densities for A and B), excluded volume effects, andIn rarefied environments, this time resolution at which a Brownia medium size, dimensionality and anisotropy. Analyticaltrail is rectified from a curve without tangents to a smoothly vary- formalisms, scaling arguments, computer (and supercomputer)

ing trajectory is greatly lengthened, making it possible to study the simulations and experiments (on chemical and physical
kinetic regime by dynamic light scattering. Our recent experiments reactions) all play an important role in the newly emerging
with particles in a plasma have demonstrated this capability. In picture.
this regime, the particle velocity persists over a finite "step length" 1. L. W. Anacker and R. Kopelman, Phys. Rev. Lett A& 289
allowing an analogy to an ideal gas with Maxwell-Boltzmann ve- (1987).
locities; the particle mass could be obtained from equipartition. The 2. J. Prasad and R. Kopelman, Phys. Rev. Lett. 59. 2103 (1987).
cross over from ballistic flight to hydrodynamic diffusion was also 3. K. Lindenberg, B. J. West and R. Kopelman, Phys. Rev. Lett.

sen60, 1777 (1988).seen. 4. R. Kopelman, SCIENCE 241, 1620 (1988).

This work was supported by Sandia National Laboratories under T9.8
Department of Energy Contract No. DE-AC04-76-DP0789. FRACTAL-LIKE EXCITON FUSION KINETICS IN DILUTE
T96 POLYMER BLENDS. Raoul Kopelman, Ching-Shan Li andE I I SZhong-You Si, Department of Chemistry, The University ofEQUILIBRIUM SIZE AND SHAPE OF RANDOM AGGREGATES. ~Michigan, Ann Arbor, M48109-1055.H. C. AKUEZUE, and J. STRINGER, Electric power
research Institute,Palo Alto, California 94303. Exciton-exciton and exciton-excimer triplet fusion kinetics is

monitored in medium molecular weight P1VN/PMMA films withRandom growth patterns can be observed in mosat concentrations from 0.005 to 100% (weight), at temperatures of
physical systems that have evolved as a result 77 to 300 K, via time resolved fluorescence and phosphorescence
of phase transformation reaction or diffusion. (10 ns tO 10 see). The triplet-triplet annihilation is bimolecular
Thus a means whereby random growth phenomena can at short times but pseudo-monomolecular at long times.
be fully understood and characterised is a topic Furthermore, the heterogeneity exponent (h) is 0.5 for isolated
of continued theoretical and practical interest. PIVN chains, zero (classical) for pure P1VN and "fractal-like"During random aggregation, the center of mass of (0<h < 0.5) throughout certain concentration regimes.
the growing aggregate moves randomly much like a However, h is not monotonic with blend concentration but
random-walker. The mean displacement of the rather oscillates between zero and 0.5. Correlation is made with
center of mass is given by: morphology changes (phase separation, filamentation). Thelong-lived decays do fit stretched exponentials, with a parameter

n/ 1. 5 = 1 -h. Distinction is also made between diffusion-limited andAnd: reaction-limited kinetic regimes. Furthermore, the blend
s 1/D topology is also studied with the aid of the time-modulationI r s 2. technique, in which the time-decays are obtained for different

6) excitation durations, i.e., single pulse vs. cw or multiple-pulseLarge-scale computer simulation of DLA (s "- 10 laser excitation, but with equal global exciton densities at theindicate D is different from the original start (t = 0) of the decays. As expected, the triplet exciton
calculated value of 1.66 by Sander and Witten kinetics is dominated by short-range hops (about 5 A) and thus
based on cluster size of 1- 3600. From equation 1 monitors the primary topology ofthe chains. At concentrations
Irl -" 0 as s - - so that equation 2 can only be below 0.01%, the excitons are constrained to a truly one-
valid over certain s interval. As a consequence, dimensional topology. At higher concentrations there is a
representations 1 and 2 appear to be not valid fractal-like topology.
in the cases of large-scale computer simulation
results! The compromise can be recast in the T9.9
form of the question: ARE THERE EQULIBRIUM SIZES GROWTH PROBABILITY DISTRIBUTION OF DISCONTI-
AND SHAPES (fractal Dimensions) IN RANDOM NUOUSLY BRANCHING TREE MORPHOLOGY DEVELOPED AT
AGGREGATION ? Kinetically and thermodynamically, AgCo/NaCl INTERFACE BY ION IRRADIATION. B.X.Liu,
the answer is yes. The kinetic equation that Center of Condensed Matter and Radiation Physics
answers this intriguing question is discussed in CCAST(World Lab.),Beijing and Dept. of Materials
terms of the fractal dimension and the Science and Engineering.Tsinghua UniversityBei-
parameters associated with the phenomena of the jing 100084.CHINA: and C.H.Shang, Dept. of Mate-
random-walking center of mass. rials Science and Engineering,Tsingua University,
T9.7 Beijing 100084, CHINA.

SELF-ORDERING AND KINETICS OF EXCITATIONS IN Discontinuously branching tree morphology (DBTM)LOW DIMENSIONS AND DISORDERED MEDIA. Raoul is a new class of fractal structure having many
Kopelman, Lola W. Anacker, Panos Argyraks, Eric Clement, common features with the lattice animals. Unlike
Laurel Harmon, L IA, James S. Newhouse, Stephen J. Parus, all the previous observed fractal objects, DBTM
and Rodney Schoonover, Department of Chemistry, The patterns are composed of seperated chain-likeUniversity of Michigan, Ann Arbor, MI, 48109-1055; and single-crystalline NaCl particles. Each DBTM can
Leonard Sander, Department of Physics, The University of be viewed as a two-dimensional tree, which ex-
Mchigan, Ann Arbor, MI 48109-1120. tends to a scale of 100 pm with self-similarity.
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The scaling structures of the growth probability
distribution were studied by putting a DBTM pat-
tern in the Laplace field, and then measuring

the growth probability as PSt)- V'( ,t}.

The generalized dimensions D(q) with qj{-10,10),
and the f-vc formalism were also calculated to
unravel the properties of the dynamic growth
process.
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SCIENTIFIC BASIS FOR NUCLEAR 11:30 U2.3
WASTE MANAGEMENT XIII LOGNORMAL SIMULATION OF PORE EVOLUTION

DURING CEMENT HARDENING, D. Shi, W. Ma and
November 27-30, 1989 P.W. Brown, The Pennsylvania State Univer-

sity, Materials Research Laboratory, Univer-
SESSION U: CEMENTITIOUS MATERIALS - sity Park, PA.

ASPECTS OF PERFORMANCE
Chairs: Paul Brown 11:45 U2.4

Monday Morning, November 27 MECHANISTIC MODEL FOR THE DURABILITY OF
America North (W) CONCRETE BARRIERS EXPOSED TO SULPHATE-BEAR-

ING GROUNDWATERS, Alan Atkinson and John A.
8:15 OPENING REMARKS Hearne, Harwell Laboratories, Materials

Development Division, Oxon, United Kingdom.
8:30 U1.1

NUCLEAR WASTE IMMOBILIZATION IN CEMENT-BASED SESSION U3: SORPTION AND
MATERIALS: OVERVIEW OF FRENCH STUDIES, SPECIATION STUDIES
Pascal Bouniol, Eliane Revertegat, Jean Chair: Greg Choppin
Oliver, Philippe Gegout, Michel Jorda and Monday Afternoon, November 27
Rosemarie Atabek, C.E.A, DRDD/SESD, CEN/FAR, America North (W)
Fontenay aux Roses, France.

1:30 U3.3
9:00 U THE SOLUBILITY AND SORPTION OF URANIUM (VI)

EFFECT OF CURING TEMPERATURE ON THE PROPER- IN A CEMENTITIOUS REPOSITORY, M. Brownsword,
TIES OF CEMENTITIOUS WASTE FORMS, Ryan 0. A.B. Buchan, F.T. Ewart, R. McCrohon, G.J.
Lokken, John W. Shade and Paul F.C. Martin, Ormerod, J.L. Smith-Briggs and H.P.
Battelle-Pacific Northwest Laboratory, Thomason, Harwell Laboratory, Chemistry
Richland, WA. Division, Oxfordshire, United Kingdom.

9:30 U1.3 1:45 P3.2
BEHAVIOR OF CONCRETE AS A BARRIER MATERIAL SPECIATION OF Pu(VI) IN NEAR-NEUTRAL TO
FOR NUCLEAR WASTE DISPOSAL, R.J. James and BASIC SOLUTIONS VIA LASER PHOTOACOUSTIC
Y.R. Rashid, ANATECH Research Corporation, SPECTROSCOPY, S. Okajima, J.V. Beitz, J.C.
La Jolla, CA. Sullivan and D.T. Reed, Argonne National

Laboratory, Argonne, IL.
9:45 U1.4

GROUTS AND CONCRETES FOR THE WASTE ISOLATION 2:00 U3.3
PILOT PROJECT (WIPP), Lillian D. Wakeley, MODELLING STUDIES OF SORPTION IN THE NEAR
U.S. Army Engineer Waterways Experiment FIELD OF A CEMENTITIOUS REPOSITORY, A.
Station, Vicksburg, MS. Haworth, S.M. Sharland and C.J. Tweed,

UKAEA, Harwell Laboratory, Theoretical
10:00 BREAK Physics Division, Oxfordshire, United King-

dom.
SESSION U2: CEMENTITIOUS MATERIALS -

ASPECTS OF DURABILITY 2:30 U3.4
Chair: William Richmond EVIDENCE OF LONG DISTANCE TRANSPORT OF

Monday Morning, November 27 NATURAL COLLOIDS IN A CRYSTALLINE ROCK
America North (W) GROUNDWATER, W.R. Alexander, R. Bruetsch, C.

Degueldre, Paul Scherrer Institute, Villin-
10:30 !I i gen, Switzerland; and B. Hofmann, USGS,
ASSESSMENT OF THE PERFORMANCE OF CEMENT Denver, CO.
BASED COMPOSITE MATERIAL FOR RADIOACTIVE
WASTE IMMOBILIZATION, M. Atkins, J. Cowie, 3:00 U3.5
F.P. Glasser, T. Jappy, A. Kindness and C. ANALYTIC STUDIES OF COLLOID TRANSPORT, Y.
Pointer, University of Aberdeen, Department Hwang, T.H. Piaford, P.L. Chambr6, and
of Chemistry, Aberdeen, Scotland. W.W.-L. Lee, University of California,

Berkeley, Department of Nuclear Engineering
11:00 U2.2 and Lawrence Berkeley Laboratory, Berkeley,
DURABLE CONCRETE FOR A WASTE REPOSITORY- CA.
MEASUREMENT OF IONIC INGRESS, R.F. Feldman,
J.J. Beaudoin, Institute for Research in 3:15 BREAK
Construction, National Research Council,
Ottawa, Canada; and K.E. Philipose, Atomic
Lxiergy of Canada, Ltd., Waste Management
Systems, Ontario, Canada.

*Invited Paper
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SESSION U4: CEMENTITIOUS MATERIALS- 10:30 U5.4
ASPECTS OF LEACHING CHEMISTRY OF GLASS CORROSION IN HIGH SALINE

Chair: William Bostick BRINES, B. Grambow, R. MUller, Hahn-Meitner-
Monday Afternoon, November 27 Institut Berlin, Berlin, Germany.

America North (W)
11:00 U5.5

3:30 *U4.1 THERMOKINETIC MODEL OF BOROSILICATE GLASS
THE MICROSTRUCTURE OF ggbfs/OPC HARDENED DISSOLUTION: CONTEXTUAL AFFINITY, T.
CEMENT PASTES AND SOME EFFECTS OF ELEVATED Advocat, E. Vernaz, CEN-Valrh6, SDHA,
TEMPERATURE LEACHING, I.G. Richardson, S.A. Bagnols-sur-Ceze, France; J.L. Crovisier and
Rodger and G.W. Groves, University of Ox- B. Fritz, CNRS/CSGS, Strasbourg, France.
ford, Department of Metallurgy and Science
of Materials, Oxford, United Kingdom. 11:30 U5.6

COMPARISON OF THE LAYER STRUCTURE OF VAPOR
4:00 U4.2 PHASE AND LEACHED SRL GLASS BY USE OF AEM,

THE EFFECTS OF TEMPERATURE ON THE LEACHING B.M. Biwer, J.K. Bates, T.A. Abrajano Jr.,
BEHAVIOR OF CEMENT WASTE FORMS, Mark Argonne National Laboratory, Argonne, IL;
Fuhrmann, Richard Pietrzak, John Heiser III, and J.P. Bradley, McCrone Environmental
Eena-Mai Franz and Peter Colombo, Brookhaven Services, Inc., Westmont, IL.
National Laboratory, Radiological Sciences
Division, Nuclear Waste Research Group, Up- 11:45 U5.7
ton, NY. DISSOLUTION MECHANISMS OF CaTi0 3 AND OTHER

TITANATE PHASES IN THE SYNROC ASSEMBLAGE, S
4:15 U4.3 Mvhra, D.K. Pham, Griffith University,

THERMODYNAMIC MODELING OF CEMENTITIOUS WASTE Division of Science and Technology, Nathan,
FORM/GROUNDWATER INTERACTION AS A TOOL FOR Qld, Australia; R. St.C. Smart, South Austr-
LONG-TERM PERFORMANCE ASSESSMENT, Louise J. alian Institute of Technology, School of
Criscenti and R. Jeff Serne, Battelle-Paci- Chemical Technology, Adelaide, Australia;
fic Northwest Laboratory, Richland, WA. and P.S. Turner, Griffith University, Divi-

sion of Science and Technology, Nathan, Qld,
4:30 U4.4 Australia.

WASTE GROUT LEACH TESTS: PURSUIT OF MECHAN-
ISMS AND DATA FOR LONG-TERM PERFORMANCE SESSION U6: WASTE GLASS
ASSESSMENT, R. Jeff Serne, Battelle-Pacific PERFORMANCE STUDIES
Northwest Laboratory, Richland, WA. Chairs: Ned Bibler and Claude Sombret

Tuesday Afternoon, November 28
SESSION U5: MODELING THE DISSOLUTION OF America North (W

NUCLEAR WASTE FORMS
Chairs: Werne Lutze and Carol Jantzen 1:30 U6.1

Tuesday Morning, November 28 A COMPARISON OF THE BEHAVIOR OF VITRIFIED
America North (W) HLW IN REPOSITORIES IN SALT, CLAY AND GRAN-

ITE. PART II: RESULTS, W. Lutze, Hahn-Meit-
8:30 *U5.1 ner-Institut, Berlin, West Germany; M.

THERMODYNAMICS OF GLASSES FOR NUCLEAR WASTE Kawanishi, Abico Research Laboratory, Abico,
DISPOSAL, Alexandra NavrotskY, Princeton Japan; J.A.C. Marples, Harwell Laboratory,
University, Department of Geological and Oxon, United Kingdom; and P. Van Iseghem,
Geophysical Sciences, Princeton, NJ. SCK/CEN, Mol, Belgium.

9:00 U5.2 2:00 U6.2
A KINETIC MODEL FOR BOROSILICATE GLASS COMPARISON OF SURFACE LAYERS FORMED ON
DISSOLUTION BASED ON THE DISSOLUTION AF- SYNTHETIC BASALTIC GLASS, FRENCH R7T7 AND
FINITY OF A SURFACE ALTERATION LAYER, HMI BOROSILICATE NUCLEAR WASTE FORM GLASSES
William L. Bourcier, Dennis W. Peifer, Kevin - MATERIALS INTERFACE INTERACTIONS TESTS,
G. Knauss, Kevin D. McKeegan and David K. Michael J. Jercinovic, Stacy Kaser, Rodney
Smith, Lawrence Livermore National Labora- C. Ewing, University of New Mexico, Depart-
tory, Livermore, CA. ment of Geology, Albuquerque, NM; and Werner

Lutze, Hahn Meitner Institut, Berlin, West
9:30 U5.3 Germany.

PREDICTION OF RADIOACTIVE WASTE GLASS DUR-
ABILITY BY THE HYDRATION THERMODYNAMIC 2:30 U6.3
MODEL: APPLICATION TO SATURATED REPOSITORY THE INTERACTION BETWEEN NUCLEAR WASTE GLAS-
ENVIRONMENTS, Carol M. Jantzen, Westinghouse SES AND CLAY-II, P. Van Iseghem, K. Berghman
Savannah River Company, Aiken, SC. and W. Timmermans, SCK/CEN, Mol, Belgium.

20:00 BREAK 3:00 BREAK
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3:30 U6.4 78 EFFECT OF i-RADIATION ON THE MICRO-
R7-T7 NUCLEAR WASTE GLASS BEHAVIOR IN MOIST STRUCTURE AND MICROCHEMISTRY OF ggbfs/OPC
CLAY: ROLE OF THE CLAY MASS/GLASS SURFACE CEMENT BLENDS, I.G. Richardson and G.W.
AREA RATIO, N. Godon and E. Vernaz, CEN- Groves, University of Oxford, Department of
Valrh6, SDHA/SEMC, Bagnols-sur-Ceze, France. Metallurgy and Science of Materials, Oxford,

United Kingdom; and C.R. Wilding, UKAEA
4:00 U6.5 Harwell Laboratory, Materials Development
PRODUCT CONSISTENCY LEACH TESTS OF SAVANNAH Division, Oxfordshire, United Kingdom.
RIVER SITE RADIOACTIVE WASTE GLASSES, Ned E.
Bibler, Westinghouse Savannah River Company, U7.9 HYDROGEN GENERATION IN MORTARS
Aiken, SC; and John K. Bates, Argonne Na- IMMOBILIZING WASTE CHLORIDE SALTS, Michgle
tional Laboratory, Argonne, IL. A.Lews and David W. Warren, Argonne Na-

tional Laboratory, Argonne, IL.
4:30 U6.6

THE REACTION OF SYNTHETIC NUCLEAR WASTE U7.1 POROSITY AND ION DIFFUSIVITY OF
GLASS IA STEAM AND HYDROTHERMAL SOLUTION, LATEX-MODIFIED CEMENT, T. Nishi, 0.
W.L. Ebert and J.K. Bates, Argonne National Kuriyama, M. Matsuda, K. Chino, Hitachi
Laboratory, Argonne, IL. Ltd., Energy Research Laboratory, Hitachi,

Japan; and M. Kikuchi, Hitachi Ltd., Hitachi
SESSION U7: POSTER SESSION Works, Hitachi, Japan.
Tuesday Evening, November 28

7:00 - 10:00 p.m. U7.11 A COMPARISON OF THE BEHAVIOUR OF
America Ballroom (W) VITRIFIED HLW IN REPOSITORIES IN SALT, CLAY

AND GRANITE. PART I: EXPERIMENTAL, L.A.
U7.1 ESTIMATION OF LONGEVITY OF PORTLAND Mertens, W. Lutze, Hahn-Meitner-Institut,
CEMENT GROUT USING CHEMICAL MODELING TECH- Berlin, West Germany; J.A.C. Marples,
NIQUES, Stephen R. Alcorn, Mark A. Gardiner, Harwell Laboratory, Oxon, United Kingdom;
IT Corporation, Albuquerque, NM; and William and P. Van Iseahem, SCK/CEN, Mol, Belgium;
E. Coons, RE/SPEC, Inc., Albuquerque, NM. E. Vernaz, CEA Valrh6, Bagnols-sur-Ceze,

France.
U7.2 MODELLING OF THE EVOLUTION OF
POREWATER CHEMISTRY IN A CEMENTITIOUS REPOS- U7.12 IN-SITU TESTING OF NUCLEAR WASTE
ITORY, A. Haworth, S.M. Sharland and C.J. FORMS IN A CLAY LABORATORY - RESULTS AFTER
Tweed, UKAEA, Harwell Laboratory, Theoreti- TWO YEARS CORROSION, P. Van Iseghem, W.
cal Physics Division, Oxfordshire, United Timmermans and B. Neerdael, SCK/CEN, Mol,
Kingdom. Belgium.

U7.3 A THEORETICAL STUDY OF THE EFFECT U7.13 DISSOLUTION KINETICS OF A SIMPLE
OF THE LEACH INTERVAL ON A SEMIDYNAMIC LEACH ANALOGUE NUCLEAR WASTE GLASS AS A FUNCTION
TEST, Roger D. Spence, Oak Ridge National OF pH, TIME AND TEMPERATURE, Kevin G.
Laboratory, Oak Ridge, TN. Knauss, William L. Bourcier, Kevin D.

McKeegan, Celia I. Merzbacher, Son N.
U7.4 INTERACTION BETWEEN BLENDED CEMENTS Nguyen, Frederick J. Ryerson, David K. Smith
AND A SULPHATE BEARING GROUND WATER, Susan and Homer C. Weed, Lawrence Livermore Na-
L. Duerden, Peter L. Walton, and Amal J. tional Laboratory, Livermore, CA.
Majumdar, Building Research Station, Wat-
ford, United Kingdom. U7.14 HYDROTHERMAL LEACHING OF R7-T7

BOROSILICATE GLASS, J. Caurel and E. Vernaz,

U7.5 (ABSTRACT WITHDRAWN) CEN-Valrh6, SDHA/SEMC, Bagnols-sur-Ceze,
France; D. Beaufort, Universit& de Poitiers,

U7.6 IMMOBILIZATION IN CEMENT OF ION Laboratoire de Petrologie des Alterations
EXCHANGE RESINS, Patrick Le Bescop, Pascal Hydrothermales, Poitiers, France.
Bouniol and Michel Jorda, CEN, DRDD/SESD,
CEN-FAR, Fontenay aux Roses, France. U7.1 5 EFFECTS OF SURFACE-AREA-TO-SOLUTION

VOLUME RATIO ON THE CHEMICAL DURABILITY OF
U7.7 ENCAPSULATION OF RADIOIODINE IN NUCLEAR WASTE GLASSES, X. Feng, I.L. Pegg,
CEMENTITIOUS WASTE FORMS, Mark Atkins and Aa. Barkatt, P.B. Macedo, Catholic Univer-
Frederik P. Glasser, University of Aberdeen, sity of America, Vitreous State Laboratory,
Department of Chemistry, Aberdeen, Scotland. Washington, DC.
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U7.1 ALTERATION OF MICROSTRUCTURE AND U7.26 ENTHALPIES OF MIXING AND INCIPIENT
LEACHING PROPERTIES OF WEST VALLEY REFERENCE IMMISCIBILITY IN GLASSES IN THE SYSTEM K20-
BY HEAT TREATMENT, A.C. Buechele, X. Feng, SiO 2 -La2O 3 , A.J.G. Ellison and A. Navrotsky,
H. Gu, and I.L. Pegg, The Catholic Univer- Princeton University, Department of Geologi-
sity of America, Vitreous State Laboratory, cal and Geophysical Sciences, Princeton, NJ.
W ashington, DC.

U7.27 GRAIN BOUNDARY INVENTORY AND U02
U7,17 PARAMETRIC EFFECTS OF GLASS REAC- MATRIX DISSOLUTION STUDIES ON SPENT LWR
TION UNDER UNSATURATED CONDITIONS, J.K. FUEL, W.J. Gray, D.M. Strachan, and M.J.
Bates, T.J. Gerding and D.J. Wronkiewicz, Apted, Battelle-Pacific Northwest Labora-
Argonne National Laboratory, Argonne, IL. tory, Richland, WA.

U7.18 GROWTH RATES OF ALTERATION LAYERS U7.28 IDENTIFICATION OF SECONDARY PHASES
AND ELEMENTAL MASS LOSSES DURING LEACHING OF FORMED DURING UNSATURATED REACTION OF U0 2
BOROSILICATE NUCLEAR WASTE GLASS, Tsunetaka WITH EJ-13 WATER, J.K. Bates, B.S. Tani and
Banba and Takashi Murakami, Japan Atomic E. Veleckis, Argonne National Laboratory,
Energy Research Institute, Ibaraki, Japan. Argonne, IL.

U7.19 CHARACTERIZATION OF HIGHLY ACTIVE U7.29 INVESTIGATIONS INTO THE ELECTRO-
WASTE GLASSES PRODUCED IN A HOT VITRIFICA- CHEMICAL LEACHING BEHAVIOUR OF U02 PELLETS
TION PLANT, J.P. Glatz, E. Toscano, M. IN VARIOUS SATURATED SALT SOLUTIONS, Ch.
Coauerelle and J. Fuger, Institute for Keiling, P.-M. Heppner and G. Marx, Free
Transuranium Elements, Commission of the University of Berlin, Institute for Inor-
European Communities, Karlsruhe, West Ger- ganic and Analytical Chemistry, Radiochem.
many. Division, Berlin, West Germany.

U7.20 THE LONG-TERM CORROSION AND MODEL- U7.30 A DEFORMATION AND THERMODYNAMIC
LING OF TWO SIMULATED BELGIAN REFERENCE MODEL FOR HYDRIDE PRECIPITATION KINETICS IN
HIGH-LEVEL WASTE GLASSES - PART II, J. SPENT FUEL CLADDING, R.B. Stout, University
atyn, P. Van Iseghem, W. Timmermans, of California, Lawrence Livermore National

SCK/CEN, Mol, Belgium. Laboratory, Livermore, CA.

U SIMULTANEOUS EVAPORATION OF Cs AND U7.31 FLUORIDE INFLUENCE ON ZIRCALOY-4
Tc DURING VITRIFICATION - A THERMOCHEMICAL CORROSION IN WATER AS A FUNCTION OF pH,
APPROACH, H. Migge, Hahn-Meitner-Institut, TEMPERATURE AND FLUORIDE CONTENT, N.H.
Berlin, West Germany. Uziemblo and H.D. Smith, Battelle-Pacific

Northwest Laboratory, Richland, WA.
U7.22 THE EFFECT OF TEMPERATURE ON THE
REDOX CONSTRAINTS FOR THE PROCESSING OF U7.32 CORROSION BEHAVIOR OF ZIRCALOY IN
HIGH-LEVEL NUCLEAR WASTE INTO A GLASS WASTE AQUEOUS MEDIA, Anna C. Fraker and Jonice S.
FORM, Henry D. Schreiber, Charlotte W. Harris, National Institute of Standards and
Schreiber, Margaret W. Riethmiller and J. Technology, Gaithersburg, MD.
Sloan Downey, Virginia Military Institute,
Center for Glass Chemistry, Lexington, VA. U7.33 POTENTIODYNAMIC POLARIZATION STUD-

IES OF CANDIDATE CONTAINER MATERIALS IN
U CALCULATION OF THE VISCOSITY OF SIMULATED TUFF REPOSITORY ENVIRONMENTS, John
NUCLEAR WASTE GLASS SYSTEMS, Ritesh P. Shah, A. Beavers and Neil G. Thompson, Cortest
E.C. Behrman and D. Oksoy, Alfred Univer- Columbus, Inc., Columbus, OH.
sity, New York State Colege of Ceramics,
Alfred, NY. U7.34 MIGRATION BEHAVIOR OF URANIUM

SERIES NUCLIDES IN ALTERED QUARTZ-CHLORITE
U7,2 CHARACTERIZATION OF MECHANICAL SCHIST, T. Ohnuki, T. Murakami, K. Sekine,
STRENGTHS FOR SIMULATED SOLIDIFIED HIGH N. Yanase, H. Isobe and Y. Kobayashi, Japan
LEVEL WASTE FORMS, Hiroshi Igarashi, Takeshi Atomic Energy Research Institute, Department
Takahashi, Power Reactor and Nuclear Fuel of Environmental Safety Research Institute,
Development Corporation, Ibaraki, Japan. Ibaraki, Japan.

U7.25 DIFFUSION OF CESIUM IN SODIUM- U7.35 MIGRATION OF ANIONIC SPECIES OF
BOROSILICATE GLASSES USED FOR IMMOBILISATION RADIOACTIVE COBALT THROUGH SOIL, Toshihiko
OF NUCLEAR WASTE, E.G.F. Sengers and QOkin , Japan Atomic Energy Research In-
F.J.J.G. Janssen, N.V. Kema, R&D Division, stitute, Department of Environmental Safety
Chemical Research Department, Et Arnhem, The Researc Ibaraki, Japan; and David E.
Netherlands. Robertso Battelle-Pacific Northwest Labor-

atory, Cnemical Science Department, Rich-
land, WA.
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U7.36 STUDY ON RELATION BETWEEN MIGRATION SESSION U8: SPENT FUEL PERFORMANCE
BEHAVIORS AND CHEMICAL FORMS OF COBALT, Chair: Lars Werme
Shinzo Ueta, Naka Nuclear Development Center Wednesday Morning, November 29
of Mitsubishi Metal Corporation, Ibaraki, America North (W)
Japan; and Naotake Katoh, Kogakuin Univer-
sity, Tokyo, Japan. 8:00 *U.1

ACTINIDES CHEMISTRY AND SPENT FUEL PERFORM-
U7.37 GRIMSEL COLLOID EXERCISE, C. ANCE STUDIES, G. Choppin
Degueldre, Paul Scherrer Institute, Villin-
gen, Switzerland. 8:30 Q8.2

OXIDATION OF U0 2 FUEL BY RADICALS FORMED
U7.38 AUTHIGENIC CLAY MINERALS IN THE DURING RADIOLYSIS OF WATER, S. Sunder, D.W.
RUSTLER FORMATION. WIPP SITE AREA, NEW Shoesmith, Atomic Energy of Canada Limited,
MEXICO, Douglas G. Brookins, University of Whiteshell Nuclear Research Establishment,
New Mexico, Department of Geology, Albuquer- Geochemistry and Waste Immobilization Divis-
que, NM; Steven J. Lambert, Sandia National ion, Pinawa, Canada; H. Christensen,
Laboratories, Albuquerque, NM; and David B. Studsvik Energiteknik AB, Ny6ping, Sweden;
Ward, University of New Mexico, Albuquerque, N.H. Miller and M.G. Bailey, Atomic Energy
NM. of Canada Limited, Whiteshell Nuclear

Research Establishment, Geochemistry and
U7.39 IN SITU OBSERVATION OF THE Waste Immobilization Division, Pinawa,
ALPHA/BETA-CRISTOBALITE TRANSITION USING Canada.
HIGH VOLTAGE ELECTRON MICROSCOPY, Annemarie
Meike, Lawrence Berkeley Laboratory, Materi- 9:00 U8.3
als and Chemical Sciences Division, Berk- CONSTRAINTS BY EXPERIMENTAL DATA FOR MODEL-
eley, CA; and William Glassley, Lawrence ING OF RADIONUCLIDE RELEASE FROM SPENT FUEL,
Livermore National Laboratory, Earth B. Grambow, Hahn-Meitner-Institut Berlin,
Sciences Division, Livermore, CA. Berlin, West Germany; L.O. Werme, SKB,

Stockholm, Sweden; R. Forsyth, Studsvik
U7.40 ESTIMATION OF LONG-TERM DURABILITY Energiteknik AB, Nykbping, Sweden; and J.
OF BENTONITE FROM THE THERMAL HISTORY OF Bruno, Royal Institut of Technology, Depart-
MURAKAMI DEPOSIT, JAPAN, G. Kamei, T. Arai, ment of Inorganic Chemistry, Stockholm,
Y. Yusa, N. Sasaki, Power Reactor and Sweden.
Nuclear Fuel Development Company, Ibaraki,
Japan; H. Takano, Dia Consultants Company, 9:30 U8.4
Tokyo, Japan. STATISTICAL MODEL FOR GRAIN BOUNDARY AND

GRAIN VOLUME OXIDATION KINETICS IN U02 SPENT
U7.41 DIFFUSION OF SODIUM AND COPPER IN FUEL, R.B. Stout, H.F. Shaw, University of
COMPACTED SODIUM BENTONITE AT ROOM TEMPERA- California, Lawrence Livermore National
TURE, A. Muurinen, K. Uusheimo and M. Olin, Laboratory, Livermore, CA; and R.E.
Technical Research Centre of Finland, React- Einziger, Battelle-Pacific Northwest
or Laboratory, Espoo, Finland. Laboratory, Richland, WA.

U7.42 THERMAL BEHAVIOUR OF BACKFILL 9:45 U8.5
MATERIAL FOR A NUCLEAR FUEL WASTE DISPOSAL MEASUREMENT OF SOLUBLE NUCLIDE DISSOLUTION
VAULT, R.N. Yong and A.M.O. Mohamed, McGill RATES FROM SPENT FUEL, Charles N. Wilson,
University, Geotechnical Research Centre, Battelle-Pacific Northwest Laboratory,
Montreal, Canada; and S.C.H. Cheung, Atomic Richland, WA.
Energy of Canada Limited, Whiteshell Nuclear
Research Establishment, Pinawa, Canada. 10:00 BREAK

U7.43 A COUPLED CHEMICAL-MASS TRANSPORT SESSION U9: CONTAINER AND
SUBMODEL FOR PREDICTING RADIONUCLIDE RELEASE FUEL CLADDING STUDIES
FROM AN ENGINEERED BARRIER SYSTEM CONTAINING Chair: Sham Sunder
HIGH-LEVEL WASTE GLASS, B.P. McGrail, D.W. Wednesday Morning, November 29
Engel, M.J. Apted, A.M. Liebetrau, Battelle- America North (W)
Pacific Northwest Laboratory, Richland, WA;
and N. Sasaki, Power Reactor and Nuclear 10:30 U9.1
Fuel Development Corporation, Ibaraki-ken, THEORETICAL MODELING OF CREVICE AND PITTING
Japan. CORROSION PROCESSES IN RELATION TO CORROSION

OF RADIOACTIVE WASTE CONTAINERS, John Q.
U7.44 (ABSTRACT WITHDRAWN) Walton, Idaho National Engineering Labora-

tory, Idaho Falls, ID.
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11:00 U9.2 2:30 U]0.4/T4.4
CORROSION PRODUCT IDENTIFICATION AND RELA- A LAGRANGIAN REACTIVE TRANSPORT SIMULATOR
TIVE RATES OF CORROSION OF CANDIDATE METALS WITH MULTIPLE PATHS AND STATIONARY-STATES:
IN AN IRRADIATED AIR-STEAM ENVIRONMENT, CONCEPTS, IMPLEMENTATION AND VERIFICATION,
Donald '2. Reed, V. Swayambunathan, Argonne R.B. Knapp, University of California, Lawr-
National Laboratory, Argonne, IL; and ence Livermore National Laboratory, Earth
Richard A. Van Konvnenburg, Lawrence Liver- Sciences Department, Livermore, CA.
more National Laboratory, Yucca Mountain
Project, Livermore, CA.. 2:45 BREAK

11:15 U9.3 3:15 U1O.5/T4.5
A STUDY ON FABRICATION TECHNOLOGY OF CERAMIC FRACTAL CHARACTERISTICS OF FRACTURE NETWORKS
OVERPACK - A CONCEPTUAL DESIGN AND FABRIAC- AND FLUID MOVEMENT IN ROCK, Christopher C.
TION OF A FULL SCALE CERAMIC OVERPACK, T, Barton, U.S.Geological Survey, Department MS
Teshima, Y. Karita, NGK Insulators, Ltd., 913, Denver, CO.
Nagoya, Japan; H. Ishikawa and N. Sasaki,
Power Reactor and Fuel Development Corpora- 3:45 U1o.6/T4.6
tion, Ibaraki, Japan. FLOW TO WELLS IN FRACTURED ROCK WITH FRACTAL

STRUCTURE, Jim Polek, Kenzi Karasaki and
11:30 U9.4 Jane Long, Lawrence Berkeley Laboratory,
AN INTERPRETATION OF THE HIGH-STRESS, LOW- Berkeley, CA; and John Barker, British
TEMPERATURE CRACKING OF ZIRCALOY-4 SPENT Geological Survey, Oxfordshire, United
FUEL CLADDING, H.D. Smith, Battelle-Pacific Kingdom.
Northwest Laboratory, Richland, WA.

4:00 U10.7/T4.7
11:45 U9.5 ANISOTROPIC SCALING OF INTERFACES IN POROUS
A CORROSION LOCALIZATION ASSESSMENT OF THE MEDIA, Miguel A. Rubio, Haverford College,
MILD STEEL USED FOR NUCLEAR WASTE PACKAGE, Department of Physics, Haverford, PA; and
Masatsune Akashi, Ishikawajima-Harima Heavy UNED, Madrid, Spain; Andrew Dougherty,
Industries Company, Ltd., Research In- Haverford College, Department of Physics,
stitute, Tokyo, Japan. Haverford, PA; and Jerry P. Gollub, Hayer-

ford College, Department of Physics, Hayer-
SESSION Ul0/T4: JOINT SESSION ford, PA; and University of Pennsylvania,

SIZING AND SCALING EFFECTS Philadelphia, PA.
Chairs: Jim Kaufman and Virginia Oversby

Wednesday Afternoon, November 29 4:15 UI0.8/T4.8
America North (W) SIZING AND SCALING REQUIREMENTS OF A LARGE-

SCALE PHYSICAL MODEL FOR CODE VALIDATION, R.
1:30 *UI0.1/T4.1 Khaleel, T. LeGore and J.D. Hoover, West-
FRACTAL STRUCTURE AND DYNAMICS OF TWO FLUID inghouse Hanford Company, Richland, WA.
FLOW IN POROUS MEDIA, Jens Feder, University
of Oslo, Department of Physics, Oslo, Nor- 4:30 U10.9/T4.9
way. PERFORMANCE OF CONCRETE BARRIERS IN RADIOAC-

TIVE WASTE DISPOSAL IN THE UNSATURATED ZONE,
2:00 U1O.2/T4.2 John C. Walton and Mark D. Otis, ID National
NUMERICAL AND ANALYTICAL MODELS OF TRANSPORT Engineering Laboratory, Idaho Falls, ID.
IN POROUS CEMENTITIOUS MATERIALS, Edward J.
Garboczi and Dale P. Bentz, National In- SESSION Ull: NEAR-FIELD STUDIED AND
stitute of Standards and Technology, Build- PERFORMANCE ASSESSMENT
ing Materials Division, Gaithersburg, MD. Chair: Henry Shaw

Thursday Morning, November 30
2:15 UI0.3/T4.3 America North (W)

SIZING REQUIREMENTS FOR FLOW-THROUGH GEOCHE-
MICAL TESTS: THEORETICAL CONSIDERATIONS, 8:30 UII.1
MODEL RESULTS, AND IMPLICATIONS FOR THE LEACHING/MIGRATION OF U02-FUEL IN COMPACTED
INTERPRETATION OF TEST DATA, J.D. Hoover and BENTONITE, Y. Albinsson, G. Skarnemark, M.
E.C. Thornton, Westinghouse Hanford Company, Skalberg, Chalmers University of Technology,
Richland, WA. Department of Nuclear Chemistry, Goteborg,

Sweden; R. Forsyth, Studsvik AB, Nykoping,
Sweden; B. Torstenfelt, ABB-Atom, Vasteras,
Sweden; L. Werme, Swedish Nuclear Fuel and
Waste Management, Stockholm, Sweden.
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9:00 UII.2 11:30 U11.10
MODELLING THE IN SITU PERFORMANCE OF BEN- ANALYSIS OF MASS TRANSPORT IN AN ENGINEERED
TONITE-SAND BUFFER, H.S. Radhakrishna, K.-C. BARRIERS SYSTEM FOR THE DISPOSAL OF USED
Lau, Ontario Hydro Research Division, Toron- NUCLEAR FUEL, Nava C. Garisto and Dennis M.
to, Canada; B.H. Kjartanson and S.C.H. LeNeveu, Atomic Energy of Canada Ltd.,
Cheung, Atomic Energy of Canada Ltd., White- Whiteshell Nuclear Research Establishment,
shell Nuclear Research Establishment, Pina- Pinawa, Canada.
wa, Canada.

11:45 U1I.I
9:15 U1I.3 ATTEMPTED VERIFICATION OF MATRIX DIFFUSION

THE EFFECT OF CRACKS ON DIFFUSIVE MASS IN GRANITE BY MEANS OF NATURAL DECAY SERIES
TRANSPORT THROUGH A CLAY BARRIER, Nava C. DISEQUILIBRIA, W.R. Alexander, Paul Scherrer
Garisto and Frank Garisto, Atomic Energy of Institute, Villingen, Switzerland; I.G.
Canada Ltd., Whiteshell Nuclear Research McKinley, NAGRA, Baden, Switzerland; A.B.
Establishment, Pinawa, Canada. MacKenzie, R.D. Scott, SURRC, Glasgow,

Scotland; and J. Meyer, Min.-pet. Institute,
9:30 U11.4 University of Berne, Berne, Switzerland.

FINAL DISPOSAL OF CEMENTITIOUS WASTE FORMS
IN THE SWEDISH REPOSITORY FOR REACTOR WASTE
(SFR), Jan S. Carlsson, Swedish Nuclear Fuel
and Waste Management Company, (SKB), Stock-
holm, Sweden.

9:45 Uli.5
MASS TRANSFER IN WATER-SATURATED CONCRETES,
Alan Atkinson, Peter A. Claisse, Nicola M.
Everitt, Andrew W. Harris and Alan K.
Nickerson, Harwell Laboratories, Materials
Development Division, Oxon, United Kingdom.

10:00 BREAK

10:30 UlI.6
COUPLED FLOW OF HEAT AND MASS IN BARRIER
MATERIALS AND ITS SIGNIFICANCE, S.C.H.
Cheun, Atomic Energy of Canada Ltd., White-
shell Nuclear Research Establishment, Pina-
wa, Canada.

10:45 U11.7
EFFECTIVE DIFFUSIVITY OF CARBON DIOXIDE AND
IODINE THROUGH "G TUNNEL TUFF", Tevfik
Bardakci, Franklin G. King and Maung Sein,
North Carolina A&T State University, Greens-
boro, NC.

11:00 UII.814 C TRANSPORT IN A PARTIALLY SATURATED,
FRACTURED, POROUS MEDIUM, W. B. Light, P.L.
Chambre, W.W.-L. Lee and T.H. Pigford,
University of California, Berkeley, Depart-
ment of Nuclear Engineering and Lawrence
Berkeley Laboratory, Berkeley, CA.

11:15 U1I.9

THE APPLICATION OF A COUPLED CHEMICAL TRANS-
PORT MODEL IN A TRIAL ASSESSMENT OF DEEP
DISPOSAL OF LOW AND INTERMEDIATE LEVEL
RADIOACTIVE WASTE, Steve Liew, Vea Economi-
des, Adrian Dawes and David Read, WS Atkins
Engineering Sciences, Epsom, United Kingdom.
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UI. 1 environment. Because of heat generation in the waste. the
concrete is subjected to elevated temperatures for theNUCLEAR WASTE IMMOBILIZATION IN CEMENT-BASED extent of the vault life. Under these conditions of

MATERIALS: OVERVIEW OF FRENCH STUDIES, Pascal Bouniol, elevated temperatures and long hold times, the effects of
Eliane Reveegate, Jean Oliver, Philippe Ggout, Michel Jorda, creep and cracking in concrete play a significant role in
Atabek, C.E.A., DRDDSESD, CEN/FAR, 92265 Fontenay aux Roses determining the structural and barrier integrity of the
Cedex. containment structure. Significant amounts of compressive

strain due to creep in thermally loaded, confined structures
Cement-based materials are currently used in France for solidification of may lead to split cracking due to the Poisson effect. If
highly-salt-ladened concentrates and ashes and for embedment of solid thermal gradients are present. cracking due to local bending
wastes. In the first case, the waste forms are considered to be may occur. In addition, and more importantly, forwastoeneos In e fisuse the watesors alte nsirdo be temperatures above 150 *F. the elastic modulus of concrete'homogeneous' and are submitted to leach tests to evaluate radionuclide degrades with time even at constant temperature due to
behavior. In the case of solid wastes, the whole package is regarded as a thermally activated damage. Since the stress due to thermal
"heterogeneous waste form" and radionuclide confinement is ensred by an loads is proportional to the modulus. this requires
outer cover of pure mortar and measured using diffusion cells. In both continual redistribution of load that may lead to additional
cases the durability function is devolved to the concrete container and the cracking.
waste package must abide by ANDRA specifications for Low Level Waste
disposal. This paper examines cracking in concrete as a means for

evaluating long term functional requirements under barrier
An overviewofthe differentproblemastobesolvedispresented. Examples applications for nuclear waste disposal. A material modelfor concrete at elevated temperatures, including cracking.of cement-based maricesusedtoimobilizconcentrates(containingF, thermal creep, and stiffness degradation, has been developed
ClSO4,'NO3-,Naandtracespecies)andphosphateashesamgiveni based on available experimental data. Application of thisrelation to cement chemistry. It was demonstrated that, in the same cases, model to underground, reinforced concrete structures under
phosphate may improve waste form behavior. Experimental studies, thermal loads will demonstrate the importance of creep and
undertaken to assess concrete durability obviously indicated that pH is the stiffness degradation in the structural design for barrier
startingparameterofchemicaldegradationreactions. Ion nature (such as protection under extended life at elevated temperatures.
Cl-, SO4=

, 
HC3 CO3=) and concentration are secondary factors which The importance of capturing the correct temperature

only act on kinetics, distributions and the thermal history of the structure in
tne analysis will also be demonstrated.

It was found that slag and fly ash cement has a better cesium retention Ul .4
ability and stronger resistance to chloride and sulfate attack than portland
cement. GROUTS AND CONCRETES FOR THE WASTE ISOLATION PILOT PROJECT

(WIPP). Lillian Q. Wakeley U.S. Army Engineer Waterways
Ul.2 Experiment Station, P.O. Box 631, Vicksburg, MS 39181-0631,
EFFECT OF CURING TEMPERATURE ON THE PROPERTIES OF CEMENTI- USA
TIOUS WASTE FORMS(d) Ryan 0. Lokken. John. w. Shade, and
Paul F. C. Martin. Pacific Northwest Laboratory(b) The Structures Laboratory of the U cS. Army Engineer
Richland. WA 99352. Waterways Experiment Station has conducted research on

cement-based composites for the Waste Isolation Pilot
Current plans at Hanford for disposing various low-level Project (WIPP) since 1977, in cooperation with Sandialiquid wastes include solidification using cementitio-, ma- National Laboratories. Field testing requirements guided
terials. This process, known as grouting, involves mixing initial development of grouts. Concurrent and later
liquid wastes with a blend of cementitious materials and laboratory studies explored the chemical stability and
pumping the resultant slurry to lined, underground concrete probable durability of these mixtures. Beginning in 1985, a
vaults. The total volume of the vaults is approximately 1.4 series of small-scale seal performance tests at the WIPPmillion gallons. As the grout slurry begins to solidify and prompted development of an expansive salt-saturated
harden, the temperature increases due to the exothermic y- concrete. Important lessons learned from this ongoing work
oration reactions. Adiabatic temperature increases of
greater than 70°C have been measured in the laboratory, include: (1) carefully tailored mixtures can tolerate phase
With a starting waste temperature of 45°C, the temperature changes involving Ca, Al, and SO., without loss of
of the grout in the vaults may approach 115'C. structural integrity; (2) handling and placement properties

are probably more crucial to the mixtures than is exactA study is currently underway to assess the effects of long- chemistry; and (3) for the environment of a geologic
term, high-temperature curing on the properties of grouts repository, demonstrated chemical durability will be the
produced with simulated double-shell slurry feed (OSSF) best indicator of long-term performance.
waste. The waste was a salt solution containing high con-
centrations of sodium nitrate, sodium aluminate, and sodium U2.1
hydroxide. The solids blend consisted of 47 wt% class F fly
ash. 47 wt% ground blast furnace slag. and 6 wt% type I/It ASSESSMEIT OF THE PERFORMANCE OF CEMENT BASED COMPOSITE
portland cement. The solids were mixed with the liquid MATERIAL FOR RADIOACTIVE WASTE IXOBILIZATION. M. Atkins,
waste at a ratio of 1080 g/L. Samples of laboratory-pro- 3. Cowie, F.P. Glas.qr, T. Jappy, A. Kindness and C. Pointer,
duced grout samples, cured at 75. 85, 95, 120, and 150°C. Dept. of Chemistry, University of Aberdeen, Keston walk, Old
and samples cured in a 4000-gallon monolith, were character- Aberdeen, AB9 2UE, Scotland.
ized by scanning electron microscopy, x-ray diffraction, and
thermal analysis to determine the effects of curing tempera- The problem of predicting the future performance of cement-
ture on leachability, microstructure. phase compositions, based systems is complicated by a poor understanding of the
and strength. Results of these activities are discussed, behaviour of cemnt systems at long ages, as well as of the
(a) work supported by the U.S. Department of Energy under complex interactions which can occur between cement and waste

Contract DE-AC-76RL 1830. components - active as well as inactive - and with cement

(b) Operated for the U.S. Department of Energy by Battelle blending agents including fly ash, glassy slags and natural
Memorial Institute. pozzolans. The progress achieved in developing a predictive

capability is reviewed. Considerable success has been
U1.3 achieved in modelling the chemically-related features of
'HAV!OR OF CONCRETE AS A BARRIER MATERIAL FOR NUCLEAR WASTE cement based system in term of pH, r,, and of element

-:CPCSAL R_ J. James and Y. R. Rashid, ANATECH Research partition between solid and aqueous phases. The behaviour
oro. . P.O. Box 9165, La Jolla. CA 92038. of model radwaste elements - iodine and uranium - has been

studied in depth and indicate that both sorption and
A current method for disposal of nuclear waste is the precipitation occur. U(VI), in particular, form solubility-
mmooilization of the waste in cement-based grout and burial limiting compounds e.g. B uranophane. But in general,
r reinforced concrete vaults. The concrete vault provides presently-available data are inadequate to predict many
ie containment barrier to prevent leaching into the
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celent-waste stream interactions, even for the inorganic U2.4
constituents; future progress in modelling is likely torely heavily an additions to the data base. MECHANISTIC MODEL FOR THE DURABILITY OF CONCRETE

BARRIERS EXPOSED TO SULPHATE-BEARING GROUNDWATERS

The repository environmnt will also condition chemical Alan Atkinson and John A Hearne, Materials Development Division.
exchanges In cfeumt-based systems. Progress is being made in Building 429, Harwell Laboratory, Oxon, OXII ORA, UK
predicting the impact of ground water components - Cl-, Concretes are favoured materials for the construction of radioactive waste
SO4

- , CO. - on the performance of cement systems. repositories in disposal strategies adopted by many countries. Their

U2.2 durability as structural materials and as physical barriers to radionuclide
migration can be limited by their reaction with sulphate-bearingDURABLE CONCRETE FOR A WASTE REPOSITORY - MEASUREMENT OF groundwater. In such a situation the concrete degrades by sulphate

IONIC INGRESS. R.F. Feldman and J.J. Beaudoin, Institute penetrating the concrete where it reacts with the hydrated cement to form
for Research in Construction, National Research Council, expansive reaction products that cause stress and eventual disruption.
Ottawa, Canada; and K.E. Philipose, Waste Management
Systems, Atomic Energy of Canada Limited, Chalk River, Data obtained from old concretes and accelerated tests have enabled an
Ontario, Canada, KOJ lJO. empirical relationship to be derived to describe the rate of this

degradation, but this relationship is not founded on the mechanism ofA paste repository, labelled Intrusion Resistant Under- degradation itself. In the work described here the individual
ground Structure (IRUS), for the belovground disposal of contributions to the mechanism have been examined in appropriate
low level radioactive aste, is planned at Chalk River experiments in which diffusion, reaction and expansion have been
Nuclear Laboratories. It relies greatly on the durability quantified. These results have been integrated into a simple overall model
of concrete for the required 500 years service life. A in which the criterion for degradation is the accumulation of a critical
research program based on laboratory testing to design a quantity of stored elastic energy in the reaction zone. The results of this
durable concrete and to predict its useful engineered mechanistic model are in good quantitative agreement with those of the
service life is in progress. empirical model and enable extrapolations to be made to different

concretes, cements and sulphate-bearing groundwaters.
It has been established that the degradation of the con-

crete vill depend on the rate of ingress of corrosive U3.1
agents - chlorides and sulphate ions and CO2 . Twenty mix THE SOLUBILITY AND SORPTION OF URANIUM(VI) IN A
formulations were developed to create various types and CEMENTITIOUS REPOSITORY. Brownsword, M.,
qualities of concrete, and to study their behaviour in Buchan, A B., Ewart, F T., McCrohon. R.
different site environmental conditions. A total of 1000 Ormerod, G J., Smith-Briggs, J L. and
concrete and 500 cement paste specimens vith composition Thomason, H P. Chemistry Division, Harwell
similar to the concrete binder are being exposed to 25 Laboratory, Oxfordshire, OXll ORA, UK.
different combinations of the corrosive agents at 200C and
456C. Procedures to measure the ionic profiles and to In the context of UK radioactive waste disposal,
determine the kinetics of diffusion of the ions in the uranium and its daughters have been shown to
various concretes have been developed. These incorporate make an important contribution to the overall
modifications to SEM and EDXA techniques. Initial results risk assessment. The aqueous chemistry of
from these measurements vill be presented and discussed in uranium in the near-field is complicated by the
terms of pore structure and permeability parameters of the multiple valency states that may exist, under
concrete, these particular conditions of pH and redox

U2.3 potential, and by the possible formation of solid
alkali and alkaline earth uranates. The researchLOGNORMAL SIMULATION OF PORE EVOLUTION DURING programme in support of the repository safety

CEMENT HARDENING. D. SN. W. Me. and P. W. Brown. Mateials assessment carries out studies of the aqueous
Research Laboratory. The Pennsylvania State University, chemistry of uranium that incltde the aqueous
University Part, PA 16802. speciation, characterisation of the solid phases

that are in equilibrium with the repositoryMany properties o cement-based systems are determined by the water, measurement of the solubility of these
pore ize distribulion. Our capablily to predict such properties solids and determination of the sorption onto the
depends on our capablity to predict por, Size istrbutions, given major near field substrates.
some basic characterlstICs of the Cement matrix, In lernt of
materlalchemity, preparatioandprocssing. The paper describes some recent results of these

experimental measurements and includes a study of
Prelirinary work has been done to altruimte the pore evolution the composition of the sodium and calcium
dulng hardening of cemernt paste, based on a five-panmeter uranates formed, under the conditions applicable
lognormal model of sIze dlstribution ol pores In hardened cement to the near-field of a cementitious repository
paste. For Cememn pastes of different soot buL otherwise and the determination of their solubilities.
ILIuonuo, Ina prgr ig OgWlrtlin9 mey be reduoed to elaige. Measurements of the sorption of uranium(VI) onto
sell-sintilar distfbulOn Cure, in Iern of a dtmenlIONless 9120 a slag cement and onto specimens of the same
which Is the pore dfetff lvWIIded by t1e median pore diealer. slag cement, aged artificially using hydrothermal
Thel ocoparmstsra, is lidi w of the uring Wm, while the and leaching treatments are also described.
shape parimeter 0, may b rlDOt to other factora, such aS U3.2
wor-oon*oo . SPECIATION OF Pu(VI) IN NEAR-NEUTRAL TO BASIC SOLUTIONS VIA
Thlimodlmayenbleus1oqWilytherelatislhiPs a g the LASER PHOTOACOUSTIC SPECTROSCOPY.* S. Okajima, J. V. Beitz,
porelzes l obonofmentpmeue, t0mo sns. th eocuqn J. C. Sullivan, and 0. T. Reed, Argonne National Laboratory,
temperltur, andlhuewiaero-€enll to. Tharfore, p rOofn 9700 South Cass Avenue, Argonne, IL 60439.
of the pore sze dislort1n Of osmii pas based on a given se
of curing conditions (Uint, terperatre., Water-to-cement ratSo) The high sensitivity technique of laser photoacoustic
becomes possible. Further ore, this model May help predct spectroscopy (LPAS) in combination with optical absorption
propertiesdpendelolonpore sinmiseucha spelisebllty nd spectroscopy was applied to the study of Pu(VI) speciationstienglh of hargened wwrntnlpastes, by Mllll~ng Midit ftleto in systems important to their migration in the environment.pstneore charlOml of the pore sin dlrliution, it and .e Emphasis was on the hydroxo species formed although
rather s hanI*the enlalloltheorszed, I of 6 additional information on other groundwater-relevant ligands

was obtained. Stability constants and speciation observed,
based on the spectra obtained, are reported.
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U3 .5
*This work was funded in part by developmental funds within

Argonne National Laboratory and under the auspices of the ANALTrlC STUDIES OF COLLOD TRANSPORT.
Office of Basic Energy Sciences, Division of Chemical Y. Hwang. T. H. Pigford. P. L Chambre. and W. W.-L. Lee. Department of Nu-

Sciences, U.S. Department of energy, under contract clear Engineering and Lawrence Berkeley Laboratory. University of California.
number W-31-109-ENG-38. Berkeley. CA 94720.

U3.3 There is evidence that radlonuclides move as colloids at the Nevada Test Site.

MODELLING STUDIES OF SORPTION IN THE NEAR FIELD OF Because of their ubiquitous nature, fast movement, and low retardation. it is

A CEMENTITIOUS REPOSITORY A. Haworth, S. M. Sharland important to study colloid transport in association with the planned repoai-

and C.J.Tweed, Theoretical Physics Division, tory at Yucca Mountain. Wepresentsomeanalyticstudesofcolloidtransport

Harwel 1 Laboratory, UKAEA, Ox fordshire OXI 1 ORA, in fractured porous rock, considering filtration as well as interaction between

U.K. colloids and dissolved radionuclides.
Colloids of radioactive material can be expected in ground water in a geologic

Current plans for a low- and intermediate-level repository. Radioactive species released from a waste solid can appear as col.
radioactive waste repository in the UK include a loids by chemical reaction of the dissolved species with container material.
cement backfill. Sorption of radionuclides on to by reduction in solubility and precipitation from cooling near-saturated so-
cement is an important process in limiting the lutlon. from a change in the redox potential. or by sorption of a radioactive
aqueous concentrations in the near-field and is, solute onto colloids that ae already present in the ground water. Here we
therefore, likely to be of importance in include -pseudocolloids" as colloids.
constructing the safety case for a repository,
Most experiments and modelling use a distribution Collolds can transport radionuclides through geologic media at rates that can

coefficient approach. This quantifies sorption on differ considerably from the solute transport rates. Current approaches for

to a material in terms of a simple linear predicting colloid transport focus on the transport of the colloid Itself and

isotherm, but does not take into account effects may not be adequate for predicting the long-term behavior of geologic repos-

such as saturation of sites. The use of itories. Colloids of a given species can be expected to establish some kind of
dstrbuio catu ofcits. for con s otrinteraction with the solute of that species. Some collolds are likely to exhibit
distribution coefficients for conditions other solubility. similar to that of a consolidated solid. Others, such as pseudo-
than those at which they were obtained may not be colloids. may exhibit sorption equilibrium between the solute concentration
valid. and the concentration of that species sorbed on the colloid. In either case.

the interaction between the solute and colloid can be important in predicting
In this paper, we describe modelling studies of long-term transport. Moreover hydrogeologic transport through a fracture is
radionuclide transport through a cementitious likely to be accompanied by diffusion of saolute into and out of the rock matrix
backfill, based on a mechanistic interpretation of surroundingthe fracture.
the processes. For this modelling we use the
geochemical code PHREEQE and the coupled ionic We develop and solve differential equations for the interactive transport of
transport/chemical equilibria code CHEQMATE. The colloids and solute. We discuss the analytic solutiona and illustrate the impor-
predictions of the modelling will be compared with tance of the various processes in colloidal transport, as steps towards devel-
experimental data from various sorption oping more comprehensive models of colloid transport of radioactive species.
experiments on cement. U4.1

U3.4 THE MICROSTRUCTURE OF ggbfs/OPC HARDED C T PASTES AND
Evidence of long distance transport of natural colloids in a crystallie rock SE EFFECTS OF ELEVATED TMERATURE LAIG.

I.G.Richardson, S.A.Rodger and G.W.GroveS, Department of
groundwater. W.R. Alexander, R. Bruetsch, C. Degueldre, Paul Scherrer Metallurg and Science of Materials, University of Oxford,
Institute, 5232 Villingeii, Switzerland and B. Hofmann, USGS, Denver CO Parks Road, Oxford OX1 3PH, U.K.
80225, USA.

Ground granulated blast-furnace slag (ggbfs)/Ordinary
The transport of radiocolloids (radionuclides in association with colloids) from Portland cment (OPC) blends are possible materials for use
the near field, through the geosphere, is recognised as a potential problem in intermediate and low-level radioactive waste repositories.
within current Swiss safety analysis models. Natural colloids could enhance The microstructural development in neat OPC is reviewed. The
doses to the biosphere by sorbing radionuclides released from a repository and effect of increasing the loading of ggbfs on the composition

then moving through fractured rock with minimal retardation, either by sorp- and microstructure of the hardened paste has been examined by
a number of techniques, including transmission electron

tion on the rock or by filtration through the fracture infill, microscopy. The implications for performance are discussed.
A ggbfs/OPC 9:1 blend which had been exposed, after normal

NAGRA has thereore initiated a programme of reseach to study various as- hydration to aqueous leaching at 1050C was also examined.
pects of colloid transport in both crystalline and sedimentary formations and, Marked changes in the microstructure and camposition were
in this articie, the results of a recent project are reported. An earlier study observed.
of the groundwater system of the Krunkelbach uranium prospect, Black For-
est, West Germany, produced evidence of long distance transport of natural U4.2
particles (> 450 nm nominal pore size filters) in the crystalline groundwaters. THE EFFECTS OF TEMPERATURE ON THE LEACHING BEHAVIOR OF
Newly produced samples which includes colloidal material (filters with nori- CEMENT WASTE FORMS Mark Fuhrmann, Richard Pietrzak, John

nal pore sizes in the range of 15-1000 nm were utilised) have been subjected Heiser III, Eena-Mai Franz and Peter Colombo, Nuclear Waste

to semi-quantitative analyses and the results have confirmed the ear'ier work Research Group, Brookhaven National Laboratory, Upton, NY,

on larger particles. 11973.

The leaching echanisms of simulated low-level radioactive
Stable isotope data implies that the groundwater recharge area les within a waste forms are being determined as support for development
gneiss formation some 5 km away from the uranium prospect. Colloid samples of an accelerated leach test. Two approaches are being
were collected within the prospect (at a depth of 240 m) and the Mg, Ti, Y used: (1) comparisons of leaching data with results of a
and Zr contents of these colloids were found to be characteristic of the near model that describes diffusion from a finite cylinder, and
by gneiss rather than the granite body which hosts the prospect. (2) observation of the leaching process at temperatures

between 20C and 65"C. To provide results that can be used
The implications of such natural colloid generation and long distance transport for modeling, leaching at elevated temperatures must change

are examined with respect to Swiss concepts for a crystalline rock radwaste neither the leaching mechanism nor the structural controls

repository. of leaching such as the porosity. Releases of cesium-137,
strontium-85, calcium, sodium and potassium from plain
portland cement, cement containing sodium sulfate and cement
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containing incinerator ash have been determined under a to evaluate whether leach rates follow the S/V dependency
variety of experimental conditions. To avoid experimental (geometric surface area to volume ratio) predicted by
artifacts that could be misinterpreted at a release mecha- diffusion theory. After 200 days of leaching, species such
nism, minimal concentrations of ions in the leachate are as Tc, NO;, NO;, Cr, Mo and Na show similar leach rates at
necessary. Diffusion was observed to proceed without sup- all specimen sizes. However, the data suggest that simple
pression when elemental elemental concentrations in the diffusion theory (semi-infinite or finite source) is a less
leachate were less than 25 mg/L. Data from the leach tests accurate predictor of observed leach rates than empirical
were compared to model results for diffusion from the finite relationships (see Cote and Constable 1987) that account for
cylinder. While much of the data appears to be diffusion wash off, wash out and diffusion.
controlled, notable exceptions are cesium and sodium leached
from cement/ash waste forms. For all samples activation By changing the inventory of contaminants present in a waste
energies ranging between 6 and II Kcal/mole have been calcu- form one can check whether diffusion or solubility processes
lated from the relationship of the effective diffusion _ppear to control leaching. Three sets of leach tests where
coefficient to increasing temperature, close to the expected "Tc, "I and Se were varied from (IX, 1OX and IDOX) were
value of 5 Kcal/mole for diffusion. Solid phase analysis was performed. Results to date suggest I leaching follows
performed to further examine the structural and mineralogi- diffusion controlled release while Tc and Se are less well
cal controls on leaching. behaved (i.e., obey neither simple theory).

U4.3 U5.1

THERMODYNAMIC MODELING OF CEMENTITIOUS WASTE FORM/GROUNDWATER THERMODYNAMICS OF GASSES FOR NUCLEAR VAtSTE DISPOSAL.

INTERACTION AS A TOOL FOR LONG-TERM PERFORMANCE ASSESSMENT. Alexandra Navrotsky, Department of Geological andINTEACTON S ATOOLFORLON-TEM PEFORANC ASESSMNT. !G ;eophysical Sciences, Princeton Universi',,. Princeton, NJ
Louise J. Criscenti and R. Jeff Serne, Pacific Northwest 08544
Laboratory, Richland, Washington 99352.

Glasses containing nuclear waste typically have 5-10% or
Experiments (i.e., static, modified ANS 16.1) have been more of cations of high charge which perturb the

conducted to study the leEzhing of elements from cementitious aluminosilicate framework. Calorimetric studies of

waste forms in groundwater. These experiments are completed coupled substitutions
in a short time period (150 days) and chemical equilibrium Si 4+ A + + 1Z+

between the groundwater and waste form may not be achieved. T T At H

Thermodynamic models can be used to determine if equilibrium show the following trends. Greatest glass stabilization

between the waste form and groundwater has been established, occurs when M is monovalent and large (e.g. Cs+), with
thermodynamic stability decreasing with increasing z/r of

m. For small alkaline earths (e.g. Mg
24 ) positive heats

A conceptual model for the chemical interaction between a of mixing and a tendency toward clustering or unmixing
cementitious waste form and groundwater was developed and develops. For cations of higher charge (e.g. La

3 +
, Zr

4 + ,

used with the MINTEQ computer code to predict the leachate NbS+ , 
Ho

6 + ) this tendency is accentuated. Clustering on
compositions and solid phase assemblages that should be a microscopic scale implies that the local environment of
observed in several leaching experiments. The conceptual these cations is independent of their concentration; the

model includes (1) a modal analysis of the phases present in activity of the oxide component is virtually constant and
hydrated cement, (2) the chemical composition of the ground- relatively high and the system behaves more as a

water, and (3) a list of solid phases that may precipitate mechanical mixture than as a true solid solution. For

when the cement and groundwater react. To assist in develop- consideration of the long-term stabeiity, both k.netic
ing the chemical model, MINTEQ calculations were performed on and thermodynamic, of a waste-loaded glass, the

relatively high thermodynamic activity of M-containing
various leachate compositions from laboratory experiments to oxide implies a relative destabiiization. However,
determine potential solubility controls. Once it can because clustering may be pervasive, and only the volume
successfully predict the experimental results, the model can fraction of the clusters changes with concentration of
be used to investigate the long-term performance of a waste oxide, the reactivity of the waste form may be rmlatively
form. insensitive to the degree of loading as long as a glass

can be made.
The calculations indicate that the amount of carbonate U5.2
present in the groundwater is a major factor influencing the
stability of a waste form. Calculations using various A KINETIC MODEL FOR BOROSILICATE GLASS DIS-
partial pressures of CO2 will be compared. SOLUTION BASED ON THE DISSOLUTION AFFINITY

OF A SURFACE ALTERATION LAYER William L. Bourcier,
Pacific Northwest Laboratory is operated for the U.S. Dennis W. Peifer, Kevin G. Knauss, Kevin D. McKeegan, and David
Department of Energy by Battelle Memorial Institute under
Contract DE-AC06-76RL0 1830. K. Smith, Lawrence LivermoreNational Laboratory, Livermore, CA

9455004.4WASE GA kinetic model incorporated in the EQ3/6 geochemical modeling
WASTE GROUT LEACH TESTS: PURSUIT OF MECHANISMS AND DATA FOR code is used to predict borosilicate waste glass dissolution rates. TheLONG-TERM PERFORM4ANCE ASSESSMENT. R. Jeff Serne, Pacific

Northwest Laboratory, P.O. Box 999 K6-81, Richland, WA dissolution rate is asumed to be controlled by the dissolution affinity

99352. of an alkali and boron-depleted altered surface layer on the glass.

Model results predict the non-linear glass dissolution rate where the
At Hanford low-level liquid nuclear waste is being mixed with relatively rapid initial rate slows and approaches a linear release with
cementitious forming materials (grout) to form solid time.
monoliths. Prior to grouting each liquid waste, a
performance assessment must be performed to evaluate the The model has been used to predict the results of static closed-system
long-term environmental impact. These predictions rely upon dissolution tests of a urmnium-doped SRL-165 glass. The tests were
a diffusion controlled conceptual release model and short- performed in gold-bag and Teflon-lined stainless steel vessels from
term laboratory leach data on small grout samples. This 100 to 2500C for up to 4 months in a dilute (0.003 molal) NaHCO 3
paper describes size scale-up and inventory scale-up solution. The gold bag tests were used for solution sampling; the
experiments that evaluate whether diffusion 0es kn fact
control the release of radionuclides (e.g., I, Tc) and tests in Teflon run in parallel were used for solids characterization.
regulated chemicals (e.g., N0, NO, Se, Cr and F). Solids were analyzed using SEM, SIMS, x-ray diffraction, and nuclear

reaction profiling methods.
Size-scale up leach tests on cylindrical grout specimens
(3.2cm dia.x3.2cm L to 30.4cm dia.x30.4cm E) were performed Comparion of model and experimental results show that the release
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rates of elements not strongly concentrated in surface layers or sec- U5.5
ondary phases (e.g. Li, B, Na) can be successfully predicted by the THERMOKINETIC MODEL OF BOROSIUCATE GLASS
model. The release rates of elements that are concentrated in surface DISSOLUTION: CONTEXTUAL AFFINITY. T. Advocat & E. Vernaz,
layers and secondary phases am more difficult to predict and accurate CEN-Valrh6, SDHA, BP 171, 30205 Bagnols-sur-C6ze Cedex,
prediction is possible only if observed secondary phases are used to France; J.L Crovisier & B. Fritz, CNRS/CSGS, 1 rue Blessig, 67000
constrain species concentrations. Strasbourg, France.

Work performed under the auspices of the U. S. Department of Energy Short and long term geochemical interactions of R7-T7 nuclear
by the Lawrence Livermore National Laboratory. glass with water at 100*C were simulated with the DISSOL thermo-
U5.3 kinetic computer code. Both the dissolved glass quantity and the
PREDICTION OF RADIOACTIVE WASTE GLASS DURABILITY BY THE resulting water composition, saturation states and mineral
HYDRATION TltERMODYNMIIC MODEL: APPLICATION TO SATURATED quantities produced were calculated as a function of time.
REPOSITORY ENVIROPMENTS. Carol M. Jantzen, Westinghouse The rate equation used in the simulation was first proposed by
Savannah River Company, Savannah River Site, Aiken, SC 29808. Aagard and Helgeson: dc/dt = S/V x k x (a.,)" x (1-Q/K). The

The effects of groundwater chemistry on glass durability were predicted mineral phases were iron hydroxides, 2:1 clay mineral
examined using the hydration thermodynamic model. The rela- represented by an ideal solid solution model, manganese and zinc
tive durabilities of SiO,, tektites, basalts, waste glasses, hydroxides, laumontite, strontianite, metastable amorphous silica,
medieval window glasses,'and a frit glass were determined in calcite and low albite. The calculated evolution of the glass/water
tuffaceous J-13 groundwater, basaltic CR-4 groundwater, system showed good agreement with short term experimental
WIPP-B brine, and Permian-A brine using the CC-l test. For results (up to 1 year).
silicate groundwaters, the free energy of hydration, calcu-
lated from the glass composition and the final experimental The best agreement with the one-year data was obtained with a
pH, was linearly related to the logarithm of the measured reaction affinity calculated from silica activity (Grambow's
silica concentration. The linear equation was identical to hypothesis) rather than taking into account the activity of all the
that observed previously for these glasses during MCC-l glass components as proposed by Jantzen and Plodinec.
testing in deionized water. The superposition of the line
from the silicate groundwater and deionized water experiments Under near-equilibrium conditions, the reaction rate was propor-
occurs because the pH values for all the glasses tested in tional to the (Q/K) chemical affinity of the overall reaction. Under
groundwater remained constant. Constant pH values decreased these conditions, chemical affinity was dependent on the stability or
the calculated AI d values while in turn, lower Si releases metastability of the reaction products. The dissolution rates
were measured. k% slope defined by the groundwater and de- observed experimentally at different SA/V ratios are therefore not
ionized water data is the theoretical slope, in (1/2.303RT), intrinsically constant, but depend on the conditions under which
for glass dissolution controlled by the dissolution of amor- reaction products form and on their physicochemical properties.
phous silica. For brines, the influence of the ion activity
product (lAP) on the solubility of silica and other species U5.6
was determined. Using the hydration thermodynamic model, COMPARISON OF THE LAYER STRUCTURE OF VAPOR PHASE AND LEACHED
nulcear waste glass durability in saturated repository en- SRL GLASS BY USE OF AEM.* B. N. Biwer, J. K. Bates,
vironments can be predicted from the glass composition and T. A. Abrajano, Jr., Argonne National Laboratory, 9700 South
the groundwater pH. Cass Avenue, Argonne, IL 60439; and J. P. Bradley, McCrone

U5.4 Environmental Services, Inc., 850 Pasquinelli Drive,

CHEMISTRY OF GLASS CORROSION IN HIGH SALINE Westmont, IL 60559.

BRINES. B. Grambow, R. Mller, Hahn-Meitner-In- The initial corrosion of nuclear waste glass in an
stitut Berlin, Glienicker Str. 100, D-1000 Ber- underground repository may be expected to occur through
lin 39, FRG interaction with water vapor prior to liquid water contact.

The current U.S. underground repository site selected for
characterization is located in the unsaturated zone where

This paper describes a geochemical model and proper waste package design and emplacement will limit, if
a comparison to experimental data for glass not exclude, groundwater contact with the waste glass even
corrosion in concentrated salt brines. Modeling after breach of the waste form container. Analytical
was performed with the computer code EQ3/6. electron microscopy has been used to examine the detailed
The brine chemistry was described with the Pit- structure of 131 glass that has been reacted In water vapor

under relative humidities ranging from 60 to 100%, tempera-zer formalism [Pitzer 1973) for osmotic and ac- tures between 75" and 200°C, and time periods up to two
tivity coefficients. years. An intercomparison of the reaction progress and

The reaction path was calculated of a nuclear alteration products identified under the different reaction
waste glass as a function of brine chemistry conditions provides insight as to the mechanisms controlling
and of the formation of major alteration glass reaction. The results from the vapor phase reacted
products. In agreement with the experimental glasses are then compared to those from glass of similar

composition that has been reacted under standard MCC-1 type
data it was calculated that in MgC12 dominated conditions for ti:ae periods up to four years. 131 glass was
brines a major alteration product are Mg rich chosen for study because it has been identified as a
clay minerals and due to the consumption of Mg representative composition for the least durable DWPF glass
by these products the pH decreases with the to be produced for storage.
proceeding reaction. A constant pH and composi-
tion of alteration products is achieved, when *Work supported by the U.S. Department of Energy, Office of
the alkali release from the glass balances the Civilian Radioactive Waste Management, Yucca Mountain
Mg consumption. In the NaC1 dominated brine Project Office, under Contract Numbers W-31-109-Eng-38
MgC12 becomes exhausted by clay minerals. As and AX0848606.
long as there is still Mg left in solution the
pH decreases. After exhaustion of Mg the pH
rises with the alkali release from the glass
and analcime is formed.
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U5.7 Surface precipitates have formed on basaltic and borosilicate nuclear waste form
DISSOLUTION IECIANISMIS OF CaTiO3 AND OTIER TITANATE glasses during the 6 month, 1 year, and 2 year in situ Materials InterfacePIASES IN TgE SYNOC ASS i IOBLAGE Interactions Tests (MIIT) conducted at the WIPP site using WIPP Brine A as aPHASESIN THE. Ph, ASStMBLAGE mat nleachant at 90*C. The surface layers were characterized by scanning electron.1 , D.. Pha, i St.C. Start* and P.S. Turner, microscopy, x-ray diffraction, electron microprobe analysis, and analyticalDivision of Science and Technology, Gr ffith eeto ir soy
University, Nathan, Qld, Australia (* Now at: School electron microscopy.
of Chemical Technology, South Australian Institute of The surface layers formed on synthetic basaltic glass are primarily Mg-chloride
Technology, Adelaide, S. A. Australia). and halite with a minor silicate component. HMI borosilicate glass exposed to
Perovskite, hollandite and zirconolite are the major the same experiments have surface layers dominated by amorphous Mg-silicatewith 6 month layers being overgrown by minor Mg-chloride, which is not seenphases of the Synroc C titanate assemblage. The after 1 year. Sub-micron sized anhydrite crystals have formed within the Mg-
chemical durability in an aqueous environment of the silicate layer. Minor dissolution pitting of the glass is seen in I and 2 yearseparate minerals and the total assemblage is one of samplesof the basaltic and HMIglasses, but isnotas pervasive as is reportedforthe most relevant performance criteria for the Synrocthenmot, rlevt prforomaes ncoritran fothenrc basaltic glass altered naturally at low temperature in seawater. Natural
concept. Methodologies, incorporating complementary alteration of basaltic glass results in the formation of clay-like Fe-Al silicate gel
approaches with solution, surface and electron- optical (palagonite) surface layers. Dissolution pitting of the French R7T7 glass during
analyses, have been developed for assessing the MllT experiments is more advanced than seen in either the synthetic basalticperformance in the epithermal and hydrothermal glass or the HMI borosilicate glass. The R7T7 glass has surface layers of Mg-regimes. A detailed study of CaTi03 has been silicate, similar in composition to the surface layers formed on the HMIcompleted identifying the mechanisms which are borosilicate glass.
operative as well as the kinetic and thermodynamic
factors which affect the evolution of the system. It The differences in surface layer compositions between synthetic basaltic glasshas been found that thermodynamic Stability for CaTi0 3  compared to borosilicate waste form glasses in the in situ MIIT experiments
can easily be engineered into the aste repository for may indicate a difference in corrosion behaviour between the two glass typesT < 900C, while the same is probably more difficult to when exposed to the repository environment. In addition, the differencesachieve at higher hydrothermal temperatures. A between natural environments and those of waste repositories may limit thesimilar study, using a comparable methodology, is usefulness of natural analogues toward verification of models developed for use
underway for hollandite. Preliminary results will be in the prediction of the long term corrosion of nuclear waste form glasses.
reported for the chemical durability of this phase.

U.6 .1 U6.3
A COMPARISON OF THE BEHAVIOUR OF VITRIFIED HiLW IN REPOSITO- THE INTERACTION BETWEEN NUCLEAR WASTE GLASSES AND CLAY-If.
RIES IN SALT, CLAY AND GRANITE. Part II: RESULTS. W.jlout, P. Van Iseghem, K. Berghman and W. Timmermans, SCK/CEN,
Hahn-Meitner-Institut, Glienicker Strasse 100, 1000 Berlin Boeretang 200, B-2400 Mol, Belgium.
39, FRG., M. Kawanishi, Abico Research Laboratory, Abico,
Chiba-pre, 270-11, Japan, J. A. C. Marples, Harwell Results are summarized of an experimental programme which
Laboratory, Oxon OX11 ORA, UK., and P. van Iseghem, started as a continuation of an earlier programme (ref. 1),
SCK/CEN, Boeretang 200, 2400 Mol, Belgium. to evaluate the compatibility of the high level waste

glasses of interest to Belgium (the Cogema R7T7 glass SONA 'Round Robin' test of the European Commission's "Repos- 68 and the Pamela glasses SM 513 and SM 527) with the clay
itory Systems Simulation Leach Test" has been undertaken, repository host. The corrosion tests are performed in
This involved testing an inactive simulant of the French clay/claywater mixtures, in controlled Eh conditions, and
high-level waste glass SON68 (R7T7) containers which also consider inactive glasses, glasses tracered with Pu/Cs/Sr/
held water, backfill, and either salt, clay or granite Tc/..., and the presence of a y irradiation field.
geological material. Ten laboratories undertook the granite
option, six salt and three clay. The test procedure was Some of the main indications after two year test duration
clost. 1 specified and is given in detail in a companion are :
paper. - Glass dissolution (B, Li, ... ) occurs in a Si/Al/Fe equi-
Experiments with glass powder in contact with aqueous librated solution.
solutions were run for periods of time up to one year at - Pu, Cs, Sr leach in similar way from the different glass-
90*C and the solutions were analyzed for Si, B, Li and Mo es ; distribution coefficients, Kd, for Pu are glass
(compulsory) and other corroded glass constituents dependent ; the Pu inventory leached in a mobile form
(optional). The analytical results are discussed in terms (about 4 x 104 MW Cut-off) is extremely small.
of accuracy and precision and are used to evaluate and - The y irradiation induces considerable hydrogen produc-
compare the performance of the glass (fig.l) under tion, which decreases with higher clay concentration ;

BORONDATA [ conditions representing those glass corrosion slightly decreases in a y irradiation
, which might occur after dis- field.

I posal in future repository en-
aI vironments. The paper discuss- The paper will discuss the results in terms of leachingm the underlying corrosion mechanisms and source term determination.

I "echanisms and the differentI egreea of corrosion in salt
s. clay and granite. U6.4

*LAI ig. 1: Corrosion of HLW glass R7-T7 NUCLEAR WASTE GLASS BEHAVIOR IN MOIST CLAY:

I$.* se SON68 in salt, granite and ROLE OF THE CLAY MASS/GLASS SURFACE AREA RATIO.
w( clay, respectively. N. GOQOQ and E. Vernaz, CEN-Valrh6, SDHA, BP 171, 30205

U6. 2 Bagnols-sur-Ceze Cedex, France.

COMPARISON OF SURFACE LAYERS FORMED ON SYNTHETIC R7-T7 glass alteration in moist clay media was investigated with
BASALTIC GLASS, FRENCH R7T7 AND HMI BOROSILICATE various clays. In contact with smectite 4a, selected in France as a
NUCLEAR WASTE FORM GLASSES - MATERIALS INTERFACE potential engineered barrier material, the glass was significantly
INTERACTIONS TESTS. Miehael I lercinovic, Stacy Kaser, and Rodney C. corroded: after 6 months the glass corrosion rate was practically
Ewing, Dept. of Geology, Univ. of New Mexico, Albuquerque, NM 87131; the same as the initial alteration rate in double-distilled water.
Weruer Lutzc, Hahn Meitner Institut, Berlin nmbH, Glienicker StraBe, 1000 Substantially lower alteration was observed in contact with a
Berlin 39, F.R. Germany. "bentonite" (montmorillonite) activated by sodium carbonate.
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Smecite 4a consumes silicon released by glass corrosion. This saturated with respect to the observed phases after only a
action retards the rise to high silicon concentrations in solution that few days of reaction. These phases establish lower
diminish the glass corrosion rate. The duration of this phenom- equilibrium solution concentrations of several glass
enon is proportionaltot ratio betweenthe clay ass (C) and the components which allow the glass reaction to proceed at a

glass surface area (SA). Comparing the results of studies at higher rate than in the hydrothermal environment. The

variable C/SA ratios indicates that low glass corrosion rates ar reaction is accelerated in the sense that secondary phases
form after a shorter reaction time in the steam environment

obtained more slowly at higher C/SA ratios. than in the hydrothermal environment because of large

Tests with =Pu-doped R7-T7 glass have also shown that t differences in the glass surface area/leachant volume ratio.

radionuclide retention factor in the alteration film at the glass A knowledge of the secondary phases which form is crucial to

surface is only 6, compared with a factor of nearly 50 in double- the modeling effort of the repository program.

distilled water under static conditions.

In order to determine the influence of clay activation by sodium *Work supported by the U.S. Department of Energy, Office of

(saturation of exchange sites by Na+) on glass alteration, tests Civilian Radioactive Waste Management, Yucca Mountain

were conducted with moist activated smectite 4a and unactivated Project Office, under Contract Number W-31-109-Eng-38.

bentonite. U7. 1

This work highlights the importance of selecting the clay for ESTIMATION OF LONGEVITY OF PORTLAND CEMENT GROUT USING
possible use as an engineered barrier material. The interpretations CHEMICAL MODELING TECHNIQUES. Stephen R. Alcorn and Mark A.

advanced can provide guidelines for this selection. Gardiner, IT Corporation, 5301 Cintral Avenue, NE,
Albuquerque, NM 87108; and William E. Coons, RE/SPEC, Inc.

U6.5 3815 Eubank Boulevard, NE, Albuquerque, NM 87111.

PRODUCT CONSISTENCY LEACH TESTS OF SAVANNAH RIVER Portland cement-based grout is a favored candidate material
SITE RADIOACTIVE WASTE GLASSES. for nuclear waste repository seals due to its low permeabil-
Ned _ Rihler. Westinghouse Savannah River Co., ity, ability to be injected into narrow fractures, ability
Aiken, SC, 29808; and John K. Bates, Argonne to self-heal, and apparent persistence. The long-term per-
National Laboratory, Argonne, IL, 60439. formance of this material is uncertain, since many phases

which comprise cement are metastable. It may be assumedThe Product Consistency Test (PCT) was developed that cement-based grout will degrade with time and increase
at the Savannah River Site (SRS) to routinely in permeability. Therefore, it is important to be able to
verify the durability of nuclear waste glasses estimate the duration of acceptable performance.
that will be produced in the Defense Waste
Processing Facility. The PCT is a 7 day, crushed To address this issue, a two-part approach was taken: (1)
glass leach test in deionized water at 900C. characterize the chemical degradation that would occur from
Final leachates are filtered and acidified prior the interaction of grout with natural groundwater, and (2)
to analysis. To demonstrate the reproducibility assess the consequences with a permeability development
of the PCT when performed remotely, SRS and model. To establish bounds, three scenarios were analyzed:
Argonne National Laboratory have performed the (1) closed system (very slow flow/dissolution/precipita-
PCT on samples of two radioactive glasses. The tion), (2) dynamic (slow flow/dissolution/limited precipi-
tests were also performed in order to compare the tation), and (3) open system (fast flow/dissolution). TO
releases of the radionuclides with the maJor assess the consequences of the chemical interactions, an
nonradioactive glass components and to determine empirical relationship between porosity and permeability was
if an effect of radiation was present, developed. Changes in grout performance with time were pre-

Results from the two laboratories for the dicted by assuming a sequence of hydraulic heads that varied
in response to changing repository conditions. Preliminaryreleases of B, Li, Na, and Si, agreed within 0%. results indicate that cement grout may maintain acceptableFor the radionuclides Cs-137, Sb-125, Eu-154 , and promnefrtosnst iloso er vdnSr-9, ad aphaactvit, te areeentwasnot performance for thousands to millions of years, if4ovidingSr-90, and alpha activity, the agreement was not its initial hydraulic conductivity is around 10- ff m/sec,

as good (up to 2X difference) possibly due to
different counting techniques at the two the grout mix is engineered to minimize the more soluble
facilities. At both facilities, the normalized phases (e.g., ettringite), and it is emplaced at a site with
releases were in the same order, e.g. elevated TDS groundwater where the local hydraulic gradient

Li-B-Na>Si>Cs-137>Sb-125>Eu-154>Sr-90. The is low or repository repressurization times are short.
normalized releases for the nonradioactive U7.2
elements and the final pH values in these tests
agreed with those for nonradioactive glasses with MODELLING OF THE EVOLUTION OF POREWATER CHEMISTRYsimilar composition indicating no significant IN A CEMENTITIOUS REPOSITORY. A.Haworth,
effect of radiation. S.M.Sharland and C.J.Tweed, Theoretical PhysicsDivision, Harwell Laboratory, UKAEA, Oxfordshire
U6.6 OXll ORA, U.K.

THE REACTION OF SYNTHETIC NUCLEAR WASTE GLASS IN STEAM AND The current UK concept for disposal of low- or
HYDROTHERMAL SOLUTION.* W. L. Ebert and J. K. Bates, intermediate-levtl nuclear waste comprises an
Argonne National Laboratory, 9700 South Cass Avenue, underground repository with a largely cementitous
Argonne, IL 60439. backfill. The aqueous phase within the cement

Glass monoliths of the WCM 50, WVCM 44, SRL 165, and provides a high pH environment in which theGlas moolihs f te WCM 5, WCM 4, RL 65,and solubilities of many nuclides are low and the rate
SRL 202 compositions were reacted in steam and hydro- sflueieitlecoofoman nucl ae o adt rt
thermally (static leaching) at temperatures between 90" and of general corrosion of metal canisters is slow.
200"C. The glass reaction resulted in the formation of Variation in porewater chemistry in the repository
leached surface layers in both environments. Secondary is o hae imp ltions eforlthe ure es
precipitates were formed on all glass types in the steam rates of nuclides. Several exserimental studies on
environment only. The assemblage of phases formed was the effect of the interaction of seawater with
unique to each glass type, but several precipitates were cement are being carried out at Harwell as part of
common to all glasses, including analcime and several the Nirex Safety Assessment Research Programme. In
calcium silicate phases. Reaction in steam Is thought to particular, changes in the solution composition of
occur in a thin layer of sorbed water which becomes the contact water are being investigated. Lastyear, a preliminary model of cement degradation was



developed using the coupled transport/chemical with powder specimens reactions proceed much faster. In the
equilibrium code CHEOMATE. This model has been case of the 75:25 ggbs/OPC sample at 50*C the reaction
further developed for use in modelling the products include the sulphate minerals ettringite,

experimental studies to aid interpretation of monosulphate and gypsum, and calcite. Hydrotalcite that
results. In particular, mineral changes at the forms during the first 7 days of initial curing persists in

surface of the cement are investigated. Such the presence of ground water, but calcium hydroxide

changes may be important for both solution disappears after 3 days. There is some indication that

conditions in cracks within the backfill and Q-quartz begins to form after about 4 months.

adsorption of nuclides on to the surfaces.

U7.3 U7.5 ABSTRACT WITHDRAWN

A THEORETICAL STUDY OF THE EFFECT OF THE LEACH INTERVAL ON A U7.6

SEMIDYNAMIC LEACH TEST. Roger 0. Spence, Oak Ridge National IMMOBILIZATION IN CEMENT OF ION EXCHANGE RESINS. Patrick

Laboratory, P. 0. Box 2003, Oak Ridge, TN 37831-7273 LE BESCOP; Pascal BOUNIOL: and Michel JOR , C.E.A,

DRDD/SESD, CEN-FAR, 92265 Fontenay aux Roses Cedex, FRANCEA diffusion model is used to explore limitations of a

standard leach procedure, specifically, the effect of the
leach intervals for the ANSI/ANS-16.1 procedure. The Recent studies were carried out in FRANCE to improve ion

suppression of the leach rate by allowing the concentration exchange resin solidification in cement-based matrices.

to build up, as in such semidynamic procedures, is well Work was conducted on different types of waste - cation,

known and can be predicted by the diffusion model. The anion and mixed-bed resins -under regenerated and loaded
originators of this procedure were also aware of this states. Industrial applications could be found considering
effect, but leaching must proceed for a finite time in order ion exchange resins from the water purification systems of

to achieve detectable concentrations of a species. In fact, COGEMA Reprocessing Plant (regenerated resins) and of PWR
the model can be used to give the correlation between cooling circuits (loaded resins).

detection limit, starting sample concentration, measurable Th main objective is to reach a waste incorporation rate

effective diffusion coefficient, and leach interval. of at least 50% (in volume). Imposed acceptability crite-

ria for subsurface disposal required that waste forms must
The ANSI/ANS-16.1 procedure specifies a leachant volume and be monolithic solids with a) no free standing water, b) no
a set of leach intervals spanning a total of 90 d. Using sigificant dimensional variations and no loss of mechani-
the initial and boundary conditions presented by this leach cal integrity both after curing and during immersion tes-
procedure, the second order partial differential equation ting, c) leach rates compatible with ANDRA specifications.
representing Fick's second law is solved numerically using Hydraulic cement formulations were developped taking into

finite differences. This allows the prediction of the account waste chemistry, more precisely the presence of

cumulative amount leached, taking into account the ions which inhibit setting. Two types of cement based

suppression of the driving force as the concentration material were investigated: Portland cement with additives
increases during each interval. This prediction can be and blended cement (named C.L.C) containing silica fume

compared to the predicted amount leached without this and smectite. Properties of cement-ion exchange resin
suppression, that is the true dynamic case, for the same ad soemsi(e properties shrina e rein

effective diffusion coefficient. The effective diffusion waste forms (mechanical properties, shrinkage or swelling)
coefficients at which the difference between these two cement matrix were examined.
predicted values becomes significant was studied. The previous results mainly concerned homogeneous waste

effect of varying the leach interval for a given effective Tfhreis o in which ion exchange resins were intimately mixed
diffusion coefficient is also explored. With these with the hydraulic binder. A new concept, allowing a
predictive tools, the limited resources of an experimental higher incorporation rate, was promoted, considering the

program can be concentrated on those situations that cannot hge p ration rate ewas m te cosidein the

be predicted by the model, such as nondiffusion mechanisms. whole package as an "heterogeneous waste form". In this
last case, radionuclide confinement was ensured by an

U7.4 outer cover of pure mortar.

U7.7

INTERACTION BETWEEN BLENDED CEMENTS AND A SULPHATE BEARING

GROUND WATER. Susan L. Duerden, Peter L. Walton, and Amal ENCAPSULATION OF RADIOIODIHE IN CEmETITIOUS WASTE FORMS.

J.ajumdar. Building Research Station, Watford, UK. Mark Atkins and Frederik P. Glasser, Department of

Chemistry, University of Aberdeen, Meston Walk, Aberdeen,

Blended cement mixes containing pulverized fuel ash (pfa) AB9 2UE Scotland.

and ground granulated blastfurnace slag (ggbs) with ordinary
Portland cement (OPC) have been reacted with a sulphate Risk assessment models applied to radioactive waste

bearing ground water for 9 months at 500 and 80*C and repository design disclose that iodine is one of the

atmospheric pressure. The blends were 9:1 and 75:25 pfa or nuclides causing most concern. Computer calculations for

ggbs:OPC and are of interest to the radioactive waste these scenario studies assume that iodine, in the form of

disposal schemes currently under consideration in the UK. I-, is poorly sorbed on mst geological materials. Thus it

is important that iodine be retained at source, ie. within

Two types of specimens were used in the reaction, 150mm the vault, for as long as is practicable.

diameter and 50m long cylinders, and 75um powders prepared

from the mixes after 7 days' hydration. The reaction In the UK context, .ements are likely to form a major part

products were examined by x-ray diffraction, differential of the waste package for low and medium active wastes, and

scanning calorimetry and scanning electron microscopy. of engineered vault structures. These cements are likely to

be blends of one form or another, including Portland cement

After 28 days hydration in water some of the cylinders blended with blast furnace slag, or fly ash. These

showed evidence of cracking when stored in air at 90% R.H. malertals are chemically reactive with OPC during the first

Beat evolution and volume change effects in these cylinders 10 -10 years. It is important, therefore, to assess the

have been studied. During reaction of these cylinders with effect of Portland cement and blending agent on iodine

ground water the cracks act as loci for crystallization of speciatlon and on iodine uptake by the constituent solid

ettringite and gypsum. For uncracked cylinders there is phases. Data are presented on uptake of " and 10 " on
minimal interaction between cements and ground water after 9 specific phases: Ca(OH) calcium aluminosulphate hydrtes,

months, but an outer layer of calcite and/or vaterite, hydrotalcite and calcum silicate hydrogel (C-S-H).

approx. 3mm thick, was present in all reacted cylinders. Precipitation of iodide as AgI, prior to cementation, is

also considered.
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Radiolytic effects on I are also described; the production with total porosity. Two experimental equations, by which
of gaseous radioiodine (12) is potentially a serious total porosity was related to water and latex content and
problem. the diffusion coefficient of ions was related to total

U .8 porosity, were derived from these results. The calculated
results had good agreement with the measured ones.

EFECT OF T-RADIATION ON THE MICROSTPLTUFZ ANU
Mf<OMSTRY OF ggbfs/OPC CEM~n BLaDS. I.G.Richardson U7.11
and G.W.Groves, Departnent of Metallurgy and Science of A COPARISON OF THE BEHAVIOUR OF VITRIFIED HLW IN RLEPOSITO-

Materials, University of Oxford, Parks Road, Oxford OXI 3PH, RIES IN SALT, CLAY AND GRANITE. Part I: EXPERIMENTAL.

U.K; and C.R.Wilding, Materials Development Division, UKAEA L. A. Mertens, W. Lutze, Hahn-Meitner-Institut, Glienicker

Harwell Laboratory, Oxfordshire OXI ORA, U.K. Strasse 100, 1000 Berlin 39, FRG., J. A. C. Marples,
Harwell Laboratory, Oxon OXIl ORA, UK., and P van TIseh ,

Ground granulated blast-furnace slag (ggbfs)/OPC blends are SCK/CEN, Boeretang 200, 2400 Mol, Belgium, E. Vernaz, CEA

among the materials being considered as possible valrho, Marcoule BP 171, 30200 Bagnols sur Ceze, France.

encapsulating matrices for low and intermediate level
radioactive wastes. It is therefore desirable to identify Based on a universal "European Commission's Repository

any microstructural modifications which may result in these Systems Simulation Leach Test", a limited number of
systems from exposure to ionizing radiations. conditions were selected to be applied in a 'Round Robin'

test in which 15 laboratories from 11 countries
In order to investigate this, ggbfs/OPC blends were participated. Ten laboratories undertook the granite
y-irradiated to >80Oy at 50'C over a period of 2 years. option, six salt and three clay. This contribution and a
These were examined by electron optical, X-ray and thermal companion paper summarize the acquired information.
analysis techniques and the results compared with controls The HLW borosilicate glass SON68 (R7T7), to be returned to
subjected to a similar hydration regime. The mo0rphological and eventually disposed of in various geological
and compositional similarities and differences revealed repositories by Cogema's reprocessing customers, was tested
between the irradiated and control samples are presented and in a standardized leach container developed and provided by
disctissed. cEA, Marcoule. The glass (2g of powder, 125-250;n, and a

U7.9 coupon, 25x25x3mm, for each experiment) was prepared and
delivered by CEA; together with crushed granite, sand,

HYDROGEN GENERATION IN MORTARS IMMOBILIZING WASTE CHLORIDE smectite and groundwater for the granite option. SCK-Mol
SALTS. Michele A. Lewis and David W. Warren, Argonne provided the clay, smectite, sand and the recipe for
National Laboratory, 9700 So. Cass Avenue, Argonne, IL 60439. claywater, HMI-Berlin the recipe for the rock salt

A mortar formulation capable of immobilizing chloride salts composition. All materials were used in proportions and

containing fission product cesium and strontium has been positions in the leach container as prescribed. The

developed. This formulation, which consists of cement, fly analytical method was the only variable to be chosen by the

ash, slag, water, and 3 to 10 wt% LiCl-KCI salt, is strong and participants. After termination of the experiments

leach-resistant, and under irradiation only hydrogen gas is (duration 14-364d, temperature 90'C), the concentrations of

generated. The G(H2 ) value depended on temperature and the glass constituents Si, B, Mo, Li, in solution had to be

chloride salt concentration and varied from 0.02 to 0.2. determined. Results for other elements (e.g., Zn, Sr, Na)

Higher salt concentrations led to higher hydrogen yields at and of surface analyses have been reported. The data base

251C but lower yields at 75 and 120*C. Steady state pressures was used to evaluate the test procedure, the usage and

were not attained. Mechanistic studies showed that reduced versatility of the apparatus, and to identify analytical

sulfur species in the slag primarily controlled the radiolysis problems.

mechanism in slag-containing mortars. Since hydrogen
pressures were comparatively high (250 psig for a total dose U7.12
of 500 Mrad) and since the feasibility of using venting to IN-SITU TESTING OF NUCLEAR WASTE FORMS IN A CLAY LABORATORY
reduce hydrogen buildup was uncertain, several different - RESULTS AFTER TWO YEARS CORROSION. P. Van Iseghem, W.
methods to reduce hydrogen yields were investigated. These Timmermans and B. Neerdael, SCK/CEN, Boeretang UU, B-2400
included the addition of small quantities of materials which Mol, Belgium.
function as electron scavengers, as oxidizers, or as precip-
itating agents for sulfides, the use of different containment Beginning of 1986, four tubes were introduced into the clay
materials, the partial dehydration of the waste form and the host formation from the underground Mol laboratory, at 220
use of a hydrogen getter. m below surface level. About sixty-four waste form samples

(40 x 15 x 5 mm) loaded on each tube, were brought directly

in contact with the clay. One of the rigs is being held at
* Work supported by the U.S. Department of Energy, Nuclear ambient temperature for 5 years, two are heated at 90 °C
Energy Research & Development Program, under Contract for respectively 2 and 5 years, and one is heated at 170 *C
W-31-109-Eng-38. for 5 years (ref. 1). These experiments are part of a large

u7. 10 in-situ research programme, to demonstrate the suitability
of the "Boom" clay layer at the Mol site as a waste reposi-

POROSITY AND ION DIFFUSIVITY OF LATEX-MODIFIED CEMENT. tory host formation.

T. Nishi, 0. Kuriyama, M. Matsuda, K. Chino, Energy
Research Lab., Hitachi Ltd.; and M. Kikuchi, Hitachi The paper discusses the results obtained from the first

Works, Hitachi Ltd., Hitachi, JAPAN. tube (two years at 90 *C) which was retrieved by overcoring
in August 1988. The main results are :

Latex-modified Portland cement was studied as a - The in-situ test was successful in terms of tube perfor-

solidification agent for radioactive wastes. In order to mance, operation (including retrieval), configuration

predict the leaching rate of radionuclides from the (settling of the clay) and reliability of the results.

cementitious waste forms using the mixing parameters such - The mass loss data and surface layer observations for the

as water or latex content, the influence of these various glasses of interest (various CEC reference glass-

parameters was quantitatively estimated by porosity and es) reveal a close similarity with parallel laboratory

ion diffusivity of hardened cement paste, tests ; the thickness of glass dissolved within two years

varies between 40 and 325 pm.
Total porosity of hardened cement paste decreased with - Glass composition effectively influences glass dissolu-

water content and-it was reduced by latex addition. Also tion ; the presence of canister and overpack corrosion

the diffusion coefficient of ions decreased exponentially products seems to enhance glass dissolution.
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U7.13 of this ratio on chemical durability has been
DISSOLUTION KINETICS OF A SIMPLE ANALOGUE NUCLEAR WASTE investigated in a number of studies. These studies
CLASS AS A FUNCTION OF pH. TIME AND TEMPERATURE. Kevin G reported that the leach rates decrease as the SA/V
Knauss, William L. Bourcier, Kevin D. McKeegan, Celia 1. ratios increase for such nuclear waste glasses as
Merzbacher, Son N. Nguyen. Frederick J. Ryerson, David K. PNL-7668, DWRG, and SRL-131. Most of these studies
Smith and Homer C. Weed. Lawrence Livermore National Labora-
tory. Livermore, CA 94550 also found that glass leaching data for a range of

times and SA/V can be represented by a single curve
We have measured the dissolution rate of a simple five-con- when plotted versus the product of SA/V and time.
ponent borosilicate glass (Na20. CaO, A120 3 , B20 3 , SiO2) using In this paper we report some of our findings
a flow-through system. The experiments were designed to concerning the SA/V effects on the durability of
measure the dissolution rate constant over the interval pH I such nuclear waste glasses as WV205, WVCM47 and
through pH 13 at 3 temperatures (25, 50 and 70*C). Dilute
buffers were used to fix pH as the glass dissolved. Solu- WVCM50 which suggest a rather more complicated
tion and surface solid analyses provided information that behavior. We find that the leach rates of waste
are used to develop a kinetic model for glass dissolution, glasses do not always decrease as the SA/V

increases. In fact, the effect is highly
Under all conditions we eventually observed linear dissolu- composition and SA/V dependent: in the same SA/V
tion kinetics. Above pH 8 or pH 9 dissolution was congruent
and the gel layer was very thin. In strongly acidic solu- range, the leach rate of one glass may increase
tions (pH 1 to pH 3) all components but Si were released in while that of another decreases with increasing
their stoichiometric proportions and a thick, Si-rich gel SA/V. Similarly, for the same glass the leach rate
was formed. In mildly acidic to neutral solutions the gel my increase within one SA/V range but decrease
was thinner and was both Si- and Al-rich, while the other within another. A consequence of these results is
components were released to solution in stoichiometric pro- that the effect of (SA/V)t scaling is also
portions. By varying the flow rate we demonstrated a lackof transport control of the dissolution rate. composition and SA/V ratio dependent, and therefore

the concentration data do not generally collapse

The dissolution rates were found to be lowest at near-neu- into a single curve when plotted against (SA/V)t.
tral pH and to increase at both low and high pH. A rate
equation based on transition-state theory (TST) was used to U7.16
calculate dissolution rate constants and reaction order with
respect to pH over two pH intervals at each temperature. At ALTERATION OF MICROSTRUCTURE AND LEACHING
25'C between pH I and pH 7 the log rate constant for glass PROPERTIES OF WEST VALLEY REFERENCE BY HEAT
dissolution (g glass/m2

-d) was -0.77 and the order with re- TREATMENT. A. C. Buechele, X. Feng, H. Gu, and I.
spect to pH w,.s -0.48. Between pH 7 and pH 13 the log rate L. Pegg, Vitreous State Laboratory, The Catholic
constant for glass dissolution was -8.1 and the order with University of America, Washington, D.C. 20064
respect to pH was +0.51. The measured simple glass dissolu-
tion rate constants compare very well with constants esti-
mated by fitting the same TST equation to experimental re- Samples of West Valley reference glass WVCM-
sults obtained for SRL-165 glass and to dissolution rate 59 were subjected to isothermal heat treatment
estimates made for synthetic basaltic glasses, according to a systematic schedule of time-
U7.14 temperature combinations to simulate conditions

which might be encountered during cooling after
HYDROTHERMAL LEACHING OF R7-T7 BOROSILICATE GLASS. the glass is poured into canisters. Phases
J and E. Vernaz, CEN-Valrhb, SDHA/SEMC, BP 171, 30205 differentiating during heat treatment were
Bagnols-sur-C~ze Cedex, FRANCE; D. Beaufort, Laboratoire de observed, analyzed, and quantified using an SEM
Pdtrologie des Alterations Hydrothermales, Universitd de equipped with WDS, EDS and image processing and
Poitiers, 40 aveneu du Recteur Pineau, 86022 Poitiers Cedex. analyzing capabilities. A hitherto unobserved

phosphorus-rich phase of indefinite morphology
The results of hydrothermal leach tests are intended to be developed after 3 hours at 7000C and continued to
used to predict long-term low-temperature glass dissolution, grow in extent as time elapsed. Small amounts of
It is often assumed that experimental data can be extrapolated rare metal (e.g Rh, Ru, Pd) crystalline phases
to other conditions using Arrhenius-type rate laws. were always present in the as-melted glass and

frequently served as nucleation sites during heat
Hydrothermal leaching mechanisms and their temperature depen- treatment. Iron-group spinels containing Fe, Ni,
dence in R7-T7 glass were investigated in static experiments Cr, and Mn in variable proportions were the most
lasting from 7 days to I year at 150"C and 250"C, and in 7-day common phases observed, appearing in quantities
experiments at temperatures from 100C to 300"C. Leachates, up to 3 vol% in heat treated glass. The
surface layers, and crystalline products were analyzed by ICP, formation of a thoria-ceria phase occurred at
SEM, EMP, XRD, and cathodoluminescence. Activation energies temperatures of 900C and below but required a
of 24 to 33 kJ.mol "' were obtained for the 7-day tests, and progressively longer time as the temperature was
70 kJ.mol "1 from established kinetics for boron at 150C and lowered. Acmites formed at temperatures of 700C
250'C for up to 6-months (the discrepancy is discussed below), and below. MCC-3 tests were done to assess the

durability of samples substantially altered in
The formation of metastable alteration products and large microstructure.
cracks through the bulk glass result in a different chemical
and physical system at 250C than at lower temperatures. U7.17
Arrhenius calculations between 250C and 10"'C obviously do PARAMETRIC EFFECTS OF GLASS REACTION UNDER UNSATURATED
not allow for this. The assumption of extrapolability will CONDITIONS.* J. K. Bates, T. J. Gerding, and
be discussed in light of these changes in the chemical and D. J. Wronkiewicz, Argonne National Laboratory, 9700 South
physical (SA/V) system rather than simple activation energy Cass Avenue, Argonne, IL 60439.
considerations alone.

U7.15 Eventual liquid water contact of high-level waste glass
stored under the unsaturated conditions anticipated at theEffects of Surface-Area-to-Solution Volume Ratio on Yucca Mountain site will be by slow Intrusion of water into

the Chemical Durability of Nuclear Waste Glasses. a breached container/canister assembly. The water flow
. I. L. Pegg, Aa. Barkatt, P. B. Macedo. patterns under these unsaturated conditions will vary, and

Catholic University of America, Vitreous State the Unsaturated Test method has been developed by the YMP to
Laboratory, Washington DC 22064. study glass reaction. The results from seven different sets

of tests done to investigate the effect of systematically
The ratio of glass surface area to solution volume varying parameters such as glass composition, composition
is an important parameter that affects both and degree of sensitization of 304L stainless steel, water
dissolution and precipitation processes. The effect
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input volume, and the interval of water contact are a strong Al enrichment, with Cr and Ni as additional ele-
discussed. Glass reaction has been monitored over a period ments. Analysis of the leachates showed a good qualitative
of five years, and the parametric effects can result in up agreement with those performed on the gel-layers.
to a ten-fold variance in the degree of glass reaction.

U7 .20

THE LONG-TERM CORROSION AND MODELLING OF TWO SIMULATED5Work supported by the U.S. Department of Energy, Office of BELGIAN REFERENCE HIGH-LEVEL WASTE GLASSES - PART II
Civilian Radioactive Waste Management, Yucca Mountain J. Patyn, P. Van Iseghem, W. Timmermans, S.C.K./C.E.N.,
Project Office, under Contract Number W-31-109-Eng-38. Boeretang 200 B-2400 MOL, Belgium
U7.18 B. Grambow Hahn Meitner Institut Berlin, Glienicker Straae

100, 1000 Berlin 39, F.R. Germany
GROWTH RATES OF ALTERATION LAYERS AND ELEMENTAL MASS
LOSSES DURING LEACHING OF BOROSILICATE NUCLEAR WASTE - ABSTRACT -
GLASS. Tsunetaka Ranha and Takashi Murakami, Japan
Atomic Energy Research Institute, Tokai , Ibaraki 319-11, As part of a larger study to establish the performance of
Japan. high level waste glass in repository conditions, long term

phenomena related to the glass corrosion are beingMCC-1 static leaching experiments were carried out on a investigated, and modelling of the long term glass corrosion
simulated waste glass in deionized water for up to 364 has been attempted. In a previous paper (ref 1) it was shown
days at 900C in order to examine the relationship between how for precursor glasses for two kinds of high level waste
alteration layer thickness and elemental mass losses, of importance for Belgium, modelling using the PHREEQE and

GLASSOL codes could relatively well fit to the experimentalThe thickness of the alteration layers increased linearly data. The key role of Al 0 on the long term behaviour was
at a rate of 0.63 ym/day for up to 91 days. After 91 demonitrated. The 1expe~iiental conditions were 900 C,
days, however, the thickness was kept constant (about 60 SA.V" = 10 or 1OOm-*, with distilled water as corrosion
,)m) independent of time. The observed growth rate was in medium.
good agreement with the calculated one obtained by
assuming that all boron in the leachates was due to the Recently, additional corrosion experiments if  distilledcomplete depletion of boron in the alteration layers, water, but using powdered glass (SA.V' 70O0m' ) at 90 or
This means that shrinkage of the alteration layers is not 1200 C, provided a further confirmation about the final
significant, and suggests that the alteration layers corrosion rate, but revealed also an additional corrosion
retain their framework even after the depletion of part of accelerating (crystallisation ?) phenomenon in case of the
the glass network formers and the recrystallization high A12D3 glass.
reported previously. The agreement of the leach rates
also implies that the apparent release of elements from Modelling efforts at present managed to fit the calculated
the glass almost ceases and the reaction between the values with the experimental data (but not the final
alteration layers and the leachate plays a major role in acceleration) for the different SA.V "I conditions.
the corrosion after 91-day leaching.

The paper will discuss the experimental data, and theTwo differently prepared layers, ethanol replacement of modelling approachel focusing the role of surface area toleachate and conventional air-drying before resin volume ratio (SA.V ), temperature and the A120 3 content of
impregnation, revealed that the air-dried layers were the glass
thinner by about 5 percent because of shrinkage of the U7.21
layers during air-drying. SIMULTANEOUS EVAPORATION OF Cs AND Tc DURING VITRIFICATION
U7 .19 - A THERMOCHEMICAL APPROACH

H. Migge, Hahn-Meitner-Insritut, Glienicker Strasse 100,
CHARACTERIZATION OF HIGHLY ACTIVE WASTE GLASSES 1000 Berlin 39, FRG
PRODUCED IN A HOT VITRIFICATION PLANT, J.P. Glatz,
E. Toscano and M. Coquerelle, and J. Fuger, In vitrification of nuclear waste technetium tends to be
Institute for Transuranium Elements, Commission of lost substantially by evaporation. For the case that Cs
the European Communities, Karlsruhe, West Germany. is not present this behaviour was satisfactorily described

by thermochemistry in the simple Tc-O system considering
In the hot vitrification pilot plant operated by ENEA at the predominance areas of the different oxides and the par-
JRC-Ispra were produced several high-level waste glass forms tial pressures of Tc O7 above them. If Cs is present there(up to 287 Ci/kg), containing IS to 33 wt% fission products. are contradictory observations from the condensation pro-
These glasses were characterized in the hot cell labordtory ducts whether or not Tc evaporates simultaneously with Cs
at JRC-Karlsruhe. by forming gaseous CsTcO 4. This compound - in contrast to

solid CsTcO4 - has not yet been identified experimentally.
The work comprised: Its existence may be concluded, however, from the exis-

-mass and fission product distribution in the crucibles tence of the gaseous alkaliperrhenates. From comparison
by ganma-scanning and radiography, with these perrhenates the standard formation enthalpy and-microstructural and phase composition analysis by opti- the entropies of condensed as well as of gaseous CsTcO are
cal, SEM + EDAX and quantitative microscopy, estimated, and solid CsTcO 4 is assumed to melt above IOK.

-leaching behaviour by the SOXHLET-method. The tests Free energies of these compounds and tentative isothermal
were performed on all glasses in water for 72 h. The predominance area diagrams of the Cs-Tc-O system up to
analysis of the leachates was performed by ICP-MS and 1200K were calculated including isobars of the gases CsO,
OES, and compared with the qualitative analysis by Cs2O, TcO, Tc207, and CsTcO4 and their dependence on the
EDAX of the gel-layers found on the specimens after condensed phase present. The pressure of gaseous CsTcO 4the dissolution tests, above solid CsTcO4 is very high even at lower temperatures

(log pipa) - 3 at 500K and log p(Pa) - 8.3 at 1200K). From
Depending on glass and waste composition and loading, the comparison with voltametric and thermochemical results
products showed partial devitrification process or a two- for borosilicate glass containing Tc it is concluded that
glass system. In the partially devitrified glass, several condensed CsTcO 4 does exist in glass which contains Cs as
precipitate morphologies were identified and analyzed. The well. Therefore, the appearance of condensates of CsTcO
precipitates, in the form of crystalline inclusions, were during vitrification has to be expected. The pressure of
enriched in the main waste elements (metals, rare earths and CsTcO 4 decreases only slowly, if the oxygen or caesium po-
actinides). In the two-glass system, the minor phase showed tentials are reduced and condensed CsTcO 4 becomes unstable

and condensed Tc, TcO 2 or Tc207 resp. are formed.
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U7 .22 The effect of change in composition was studied on the
glass form. The change in waste content from 20 to 40 wt%

THE EFFECT OF TEMPERATURE ON THE REDOX CONSTRAINTS FOR THE did not infuluence the strength. No significant effect of
PROCESSING OF HIGH-LEVEL NUCLEAR WASTE INTO A GLASS WASTE the change of iron content in waste was observed. The
FORM. Henry D. Schreiber, Charlotte W. Schreiber, Margaret difference in glass additives composition did not result

W. Riethmiller, and J. Sloan Downey; Center for Glass in the change of strengths. The mechanical strengths mea-
Chemistry, Virginia Military Institute, Lexington, VA, sured of the glass forms were comparable with those of
24450. commercial glasses.

Efficient processing of high-level nuclear waste into a Clearer difference in the fracture toughness and fracture
borosilicate glass matrix requires the consideration of the surface energy was observed between glass and glass-ceramic
melt's redox properties. If the conditions that accompany waste form. The Fracture toughness of glass form by inden-

the dissolution of the waste into the glass melt are too tation test was about 0,7 MN /m3'2 which was comparable
oxidizing, foaming problems may arise; conversely, if the with commercial glass.And fracture toughness of the glass-
conditions during processing are too reducing, sulfide and ceramic form was 30% higher than that of glass form.
metal phases might precipitate from the melt and result in
short circuiting between the electrodes. U7.25

DIFFUSION OF CESIUM IN SODIUM-BOROSILICATE
Savannah River Laboratory glass frit #131 (SRL-131), the GLASSES USED FOR IMMOBILISATION OF NUCLEAR WASTE.
reference system for this study, is an alkali borosilicate E.G.F. Sengers and F.J.J.G. Janssen, N.V. KEMA,
glass whose redox chemistry has been extensively R&D Division, Chemical Research Department, P.O.

characterized at 1150 0 C. The oxidation-reduction Box 9035, 6800 ET Arnhem, The Netherlands.
equilibria of selected multivalent elements this
reference composition were investigated as a function of Sodium-borosilicate glasses used for the
the imposed oxygen fugacity for several temperatures from immobilisation of nuclear waste were studied in
9500 C to 1350 0C. experiments using concentration couples in order

to determine the diffusion coefficient of Cs. The
The redox emistry of the system defines an acceptable couples were made by pouring successively
operating range in SRL-131 gith res tct to the i;.posed sodium-borosilicate glass and sodium-borosilicate
oxygen fugacity of about 10- to 10- i l atm at g500C, of glass containing 2 mol% cesiumoxide in alumina
about 10

"4 to 10-9 atm at 1150 0C, and of about 100 to 10- 7  crucibles. Diffusion experiments were performed
atm at ]350 0 C in order to alleviate potential foaming by heating the crucibles at various temperatures
problems at the upper limit and potential precipitation of for five hundred hours. A scanning electron
metals and sulfides at the lower extreme. For the microscope, in combination with an energy
processing of the glass vaste form, the previously dispersive spectrometer was used to determine
prescribed range of 0.1 to 0.5 for [Fe 2+]/[Fe3 +] in the concentration profiles.
esultint glass should be acceptable at all temperatures
from 950 C to 13500C. In the temperature range 850 - 975 K diffusion

coefficients between 10
-18 and 10- 15 m2 /s were

U:7.23 found. The activation energy for the cesium
CALCUIATICN OF THE VISCOSITY OF NUCLEAR WASTE GLASS diffusion in that temperature range appears to be

sYSTE74S. Ritesh P. Shah, E.C. Behrman, and D. Oksoy, about 425 kJ/mol.
New York State College of Ceramics, Alfred University,
Alfred, NY 14802 Diffusion coefficients for cesium diffusion have

also been measured in glasses containing cesium
viscosity of one of the most important processing and different amounts of other fission products,
paramfeters and one of the most difficult to calculate such as Sr and Zr, and impurities, such as Ca and
theoretically, particularly for multicomponent systems Fe, and in simulated nuclear waste glasses. It
like nuclear waste glasses. Here, we propose a can be concluded that the diffusion of cesium
se--empirical approach based on the Fulcher equation, does not depend critically on the addition of
involvirg identificatj,,- of key component variables,
for which coefficient: art then determined by regression tie s
analysis. Results are -. esented for a variety of glass ties.
systems, and compared both to experimental data and to U7.26
statistical mechanical perturbation theory calculations.

ENTHALPIES OF NIIXING AND INCIPIENT IMMISCIBILITY IN
U7.24 GLASSES IN THE SYSTEM K20-SiO2-La2O 3. A.J.Q. Ellison and A.

CHARACTERIZATION OF MECHANICAL STRENGTHS FOR SIMULATED Navrotsky, Department of Geological and Geophysical Sciences,

SOLIDIFIED HIGH LEVEL WASTE FORMS. Hish garash Takeshi Princeton University. Princeton. NJ 08544

Takahashi, Power Reactor 9 Nuclear Fuel Development Corp.

(FNC), 4-33, Muramatsu, Tokai-mura, Ibaraki, 319-11, JAPAN Enthalpies of mixing of quenched glasses along three joins

various types of waste form have been developed and chara- have been determined using high-temperature solution

cterized in PNC to immobilize high level liquid waste calorimetry in molten 2PbO-B203 at 977 K. In K,05SiO2-nLa 2O3

generated from reprocessing nuclear spent fuel. and Si0 2 -n(K 20-La2O3 ) (0<_ n__ 1) glasses, the concentration of
Mechanical strength tests were made on simulated solidified
high level waste forms which were borosilicate glass and network-modifying cations and the ratio of non-bridging

diopside-glass-ceramic form. Commercial glasses were also oxygen to silicon atoms (NBO/Si) increases with n. Along the

tested for comparison with the waste forms, join (1-x)K 2 0-5SiO2 -(x/3)La2O3 (0 <= x <= 0.75), La is substituted

Measured strengths were three-point bending strength, uni- for K in glasses with fixed NBO/Si. Despite differences in NBO/Si

axial compressive strength, impact strength by falling and the valences of K and La, cnthalpics of mixing show no

weight method, and vickers hardness. Fracture toughness and deviations from ideal mixing greater than -1 kJ/mol of the
fracture surface energy were also measured by both of ternary system. K2 0.5SiO2-La203 undergoes glass-glass phase
notch-beam and indentation technique. The strengths meas-ured were evaluated with statistical errors, separation at 1200 K. hut the enthalpy of solutions of the clear

glass and the phase-separated glass arc identical within error.

673



These data indicate that phase-ordering (a precursor to liquid O. Keiling, P.-M. HeIn and G. Marx; Free University of Berlin;
immiscibility) is present even at low La 2 0 3 concentrations - Institute for Inorganic and Analytical Chemistry; Radiocrhe. Div.;
increasing La2 0 3 adjusts the size and/or distribution of phase- FtIsr 4:, -01Bri ~ls(3;F~
ordered regions. Vibrational spectra of glasses in this system

support this interpretation, and indicate that K and La do notshare the same NBO; hence, phase-ordering is driven by the Within the frame of investigations into the safety aspects
for direct waste disposal excluding spent fuel reprocessing

presence of La in the glass. experiments are made for characterizing the leaching behavi-
U7.27 our of U02 pellets in various saturated salt solutions.

The solutions taken into consideration are saturated NaCl

GRAIN BOUNDARY INVENTORY AND UO2 MATRIX DISSOLUTION STUDIES solutions and also Q and R brines.
ON SPENT LWR FUEL. W, J. Gray, 0. M. Strachan, L. E. Thomas, The redox potentials for the various systems are realized
R. E. Einziger, and K. J. Apted. Pacific Northwest electrochemically. Quite a number of electrode forms have
Laboratory, P. 0. Box 999, Richland, WA 99352. been tested with respect to their applicability for perfor-

An experimental method is being developed for measuring the ming measurements in solutions of significant high ionic

grain boundary Inventory of radionuclides and for determining strength. Using a newly developed U02 electrode the rest* whether radionucilides within the U0 matrix of spent LWR fuel potentials of U02 electrodes have been determined in various

will dissolve congruently with the U02. The method involves systems. The corrosion rates could be potentiostatically
limited oxidation of spent fuel In air at low temperatures obtained under a variety of different experimental

(150°C to 200°C). At these temperatures, spent LWR fuel conditions.

oxidizes preferentially along the grain boundaries making U7.30
the fuel fragments friable. This technique has been used
successfully to prepare individual grains of irradiated U02. A DEFORMATION AND THERMODYNAMIC MODEL FOR HYDRIDE
Following oxidation, the spent fuel particles are mounted PRECIPITATION KINETICS IN SPENT FUEL CLADDING

and thinned to permit examination by transmission electron R. B. Stout, University of California-LLNL
microscopy (TEM). This analysis can show the presence of P.O.Box 8O, L-201, Livermore, CA 94550

higher oxides, such as U,09 and provide assurance that the ABSTRACT* Hydrogen is contained in the Zircaloy cladding of
limited oxidation affected only the grain boundary material spent fuel , from nuclear reactors. All the spent fuel
plus a few hundred nanometers of the U02 grain periphery, rods plae "r. a nuclear waste repository will have a

Once the spent fuel has been dissociated into individual temperature history that decreases toward ambient; and as a
grains, the grain-boundary inventories of radionuclides can result, most all of the hydrogen in the Zircaloy will
be measured. This is accomplished through a series of eventually precipitate as zirconium hydride platelets. A model
dissolution tests in which the solvent (e.g., dilute MCI) for the density of hydride platelets is a necessary sub-part
is changed and analyzed frequently. This technique gives an
upper limit to the grain boundary inventory because it is for predicting Zircaloy cladding failure rate in a nuclear
not possible to prevent a small amount of the U02 grain waste repository. A model Is developed to describe
periphery from oxidizing and subsequently dissolving. After statistically the hydride platelet density, and the density
the oxidized portions of the grains are completely removed, function Includes the orientation as a physical attribute.
fluid-flow dissolution tests are used to determine whether The model applies concepts from statistical mechanics to
the remaining U02 matrix material dissolves congruently.
Water is pumped through a column containing spent fuel grains derive probable deformation and thermodynamic functionals

while the concentration of radionuclides in the column for cladding material response that depend explicitly on the
effluent is monitored. At high flow rates, the forward hydride platelet density function. From this model, hydride
reaction rates of the various radionuclides can be measured precipitation kinetics depend on a thermodynamic potential
and the degree of congruency determined, for hydride density change and the Inner product of a

U7. 28 stress tensor and a tensor measure for the incremental

IDENTIFICATION OF SECONDARY PHASES FORMED DURING UNSATURATED volume change due to hydride platelets. The development of

REACTION OF U02 WITH EJ-13 WATER.* J. K. Bates, B. S. Tani, a material response model for Zircaloy cladding exposed to
and E. Veleckis, Argonne National Laboratory, 9700 South the expected conditions in a nuclear waste repository Is
Cass Avenue, Argonne, IL 60439. supported by the U.S. DOE Yucca Mountain Project.

The reaction of spent fuel under the unsaturated conditions " Work performed under the auspices of the U.S. Department
anticipated to exist at the Yucca Mountain repository site of

will likely include contact between the fuel and small Energy, Office of Civilian Radioactive Waste Management,
volumes of water under oxidizing conditions. To evaluate Yucca Mountain Project Office, by the Lawrence Livermore
procedures that may be required to perform such testing, a National Laboratory under contract W-7405-ENG-48.
set of parametric experiments has been conducted over a U7.31
four-year period. One aspect of these experiments has been
to identify the secondary phases that form during the "Fluoride Influence on Zircaloy-4 Corrosion in Watm)as a
reaction process. More than five distinct phases have been Function of pH, Temperature and Fluoride Content."
identified, including uranophane, boltwoodlte, sklodowskite, N ,. Uziem and H. D. Smith, Pacific Northwest

and becquerelite. The methods used to identify the phases i n
together with a temporal and spatial description as to how

these phases formed with respect to the water flow pattern
and cation depletion are discussed. The corrosion rate of Zircaloy-4 was determined in fluoride-

doped water (100, 500, lO00ppm) using a pH stat system. The
results were strong functions of pH, fluoride ion

*Work supported by the U.S. Department of Energy Jffice concentration and temperature. The calculated amount of
of Civilian Radioactive Waste Management, Yucca Mountain corrosion using homogeneous corrosion rates correlated well
Project Office, under Contract Number W-31-109-Eng-38. with the observed weight loss exhibited by those same

specimens. The weight loss indicates that the normal
U7.29 passivating film usually formed on Zircaloy in water is not

INVESTIGATIONS INTO THE ELECTROCHEMICAL LEACHING BEHAVIOUR present. This result is consistent with 1) observed
increase in corrosion rate, 2) extensive pitting observed

OF U02 PELLETS IN VARIOUS SATURATED SALT SOLUTIONS with scanning electron microscopy, 3) detected fluoride and
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oxyfluoride compounds of zirconium on the surface observed experimental design approach is being used. Complete
via photo-electron spectroscopy, and 4) Zircaloy components matrices of CPP tests, which consist of 33 environments,
tn solution in the fluoride-doped water. Anodized Zircaloy have been completed on four candidate container
specimens are observed to be attacked at a similar rate to materials; CDA 102 Copper, CDA 715 Copper-Nickel, Type
the non-anodized material. Furthermore, specimens exhibit a 304L Stainless Steels and Incoloy Alloy 825. The test
temporary elevation of corrosion rate when they are cycled matrix was a Resolution IV experimental design for 15
from high corrosion rate to low corrosion rate conditions, environmental variables, including temperature and pH,
It can be concluded that fluoride in the water influences the species present in the groundwater, and those generated
corrosion rate of Zircaloy by modifying the passivation by radiolysis. In these environments, all four alloys
properties of the oxide film. tested exhibited a wide range of behavior including

passive behavior, pitting, crevice corrosion and active
corrosion. The CPP behavior of the Fe-Cr-Ni alloys was

(a) The Yucca Mountain Project of the U.S. DOE is found to conform with a conventional interpretation of
Investigating the suitability of a site in the unsaturated CPP curves while this was not the case for the copper-
zone at Yucca Mountain, Nevada, for a high-level waste base alloys.
repository.
(b) Pacific Northwest Laboratory is operated for the U.S. U7.34
Department of Energy by Battelle Memorial Institute under MIGRATION BEHAVIOR OF URAXIUM SERIES NUCLIDES
Contract DE-AC06-76RL0 1830. IN ALTERED QUARTZ-CHLORITE SCHIST. T. Ohnuki,

T. Murakami, K. Sekine, N. Yanase, H. Isobe
U7.32 and Y. Kobayashi, Department of Environmental
CORROSION BEHAVIOR OF ZIRCALOY*IN AQUEOUS MEDIA Safety Research, Japan Atomic Energy Research
Anna C. Fraker and Jonice S. Harris, National Institute of Institute, Tokai, Ibaraki, 319-11, Japan
Standards and Technology, Gaithersburg, riD 20899.

Migration behavior of uranium series nuclides
Zircaloy-2 (Zr-2) and Zircaloy-4 (Zr-4) are used as nuclear in the altered quartz-chlorite schist has been
fuel cladding. Both alloys are more than ninety eight per- studied utilizing data on the concentration
cent zirconium (Zr) and are highly corrosion resistant to distribution of uranium and thorium series
various media. The thickness of nuclear fuel cladding is nuclides at Koongarra in Australia. The
less than 1 mm, and it is important to establish whether the distribution of 23 4U/ 23SU and 2 30Th/ 23 4U activity
cladding will remain intact for the required time periods of ratios in the schist reveals that the migration
nuclear waste storage. Electrochemical measurements using behavior of uranium series nuclides differs
polarization techniques have been made on these alloys in between depths. The variation of 2 30Th/ 23'U
aqueous media with a pH of 8.3 and varying ionic concentra- activity ratios against distance along the
tions (X and IOX) at temperatures f 22°C and 95*C. surface, intermediate and deep layers shows

different trend in different layers. The X-
Results of open circuit electrode potential measurements ray diffraction patterns of the three rock
indicate that the Zircaloys passivate after immersion in the samples collected at different layers show;
test media used. Anodic polarization measurements in concen- quartz is found in all layers; chlorite is
trated media at 95C show a passive region extending over a present only in the deep layer; kaolinite-
range of -400 millivolts to +850 millivolts where breakdown smectite and goethite which are conversed from
occurred. All potentials were measured versus a saturated chlorite, in the intermediate layer, and
calomel electrode (SCE). Cyclic polarization curves show the kaolinite-smectite, goethite and hematite which
same passive region and breakdown potential and in addition, are conversed from chlorite in the surface
show hysteresis in the return portion of the curve. The layer. Relationships between 234 U/ 23$U and
hysteresis indicates possible susceptibility to localized 2

3
0Th/ 23

&U activity ratios along the surface,
corrosion, and selected experimental parameters were varied intermediate and deep layers reveal that the
to investigate the reason for the hysteresis. Measured cor- retardation factors of 234 U are greater by a
rosion rates were low, but some white corrosion product was factor of 1.1 and 1.9 than those of 238U in the
observed in one area after a thirty day exposure at 95°C. surface and intermediate layers, respectively.

These suggest that different uranium adsorption
Data will be vresented and discussed in terms of corrosion between depths is probably due to different
rates, passivity, breakdown potential and susceptibility to mineral assemblages.

localized corrosion under the conditions studied. U7.35

*Zircaloy is a registered trademark of the Westinghouse MIGRATION OF ANIONIC SPECIES OF RADIOACTIVE

Electric Corp., Specialty Metals Division, Pittsburgh, PA COBALT THROUGH SOIL. Toshihiko Ohnuki,
Department of Environmental Safety Research,

U7.33 Japan Atomic Energy Research Institute,

Shirakata, Tokai, Ibaraki, Japan and David E.
POTENTIODYNAMIC POLARIZATION STUDIES OF CANDIDATE Robertson, Chmical Sciens De~artmet, Pacific NsIst
CONTAINER MATERIALS IN SIMULATED TUtF REPOSITORY aboraies, Ridland, WA.
ENVIRONMENTS. John A. Beavers and Neil G. Thompson,
Cortest Columbus, Inc., Columbus, Ohio. The migraticn of an anionic species of '°Co through soil

has been examined utilizing data on the migration
Cortest Columbus is investigating the long-term of radionuclides leached from an aqueous waste
performance of container materials used for high-level disposal site. Correlation coefficients between
waste packages as part of the information needed by the the concentrations of the anionic species of 60 Co
Nuclear Regulatory Comission to assess the Department of and those of particulate, cationic and non-ionic
Energy's application to construct a geologic repository species of 6°Co reveal that the anionic species
for high-level radioactive waste. In one task of the of '°Co was not interconversed with other
program, a cyclic potentiodynamic polarization (CPP) species during migration. The cross-
technique is being used to evaluate the corrosion correlations between the concentrations of the
behavior of the candidate container materials, which anionic species of 60Co gives a calculated
include copper-base alloys and Fe-Cr-Ni alloys. In order retardation factor of the anionic species of 60 Co
to evaluate the expected range of environmental variables of approximately 19 being 1200 times lower than
(groundwater composition and temperature), a statistical the laboratory measurements. The average

concentration distribution of the anionic species
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of 6°Co suggests that the migration of the Mexico, at the WIPP Site. The disposal horizon is loatedanionic species of 60 Co consists of two migration in the bedded halite of the Salado Formation, which isfractions which was characterized by different overlain by the impure halite-anhydrite (gypsuml-si]tstone-
migration mechanism. mudstone of the Rustler Formation. The Rustler Formation

also contains two dolomite members, the Magenta and Culebra,U7.36 which transmit water. The Culebra Member is suspected to
have actively interacted with waters at time(s) from theSHINZO UETA * AND PAOTAKE KATOH ~Late Permian to the present, and it is important to assess• Naka Nuclear Development Center of Mitsubishi Metal Corp., the reactivity of these waters in conjunction with WIPP Site

Mukohyama 1002-14, Naka-machi, Ibaraki 311-02, Japan. stability.
**Kogakuin Univ., 1-24-2 Nishishinjuku, Tokyo 160, Japan.

We have investigated the Rb-Sr systematics of clay mineralsSorption is one of the most important mechanisms for the from the Culebra Member and elsewhere in the Rustler
migration of radionuclide which released from the nuclear wastes. Formation. By seprating the less than 0.5 micron size
The sorption behaviors strongly depend on the chemical species material we are able to deal with presumed true authigenic

of radionuclides. Therefore it is necessary to study on the clay minerals. The authigenic fraction is especially
migration from the point of view of chemical forms, sensitive to chemical and isotopic exchange with waters, and

We carried out the column experiments, where Co was used as exposure to large amount of water will reset the claythe tracer elements. The tracer solutions were prepared to treat minerals to such a time. Our data yield a 250 + Me Rh-Sr
three deferent chemical forms of Co2+ Co(OH)2, and Co-EDTA. In isochron, which is consistent with the Late Permian age ofthe sand column which simulated the natural barrier, Co2+ and the Rustler Formation. This age is significant in that it
Co(0H)2 could be well retained and Co-EDTA showed no retardation. demonstrates that these clay minerals have preserved their
On the contrary, Co-EDTA could be retained in the column filled isotopic and chemical integrity since the Late Permian andwith artificial absorbent, for example activated carbon and have not been subjected to any pronounced interaction with

silica-almina, then the distribution coefficients were about 60 waters since. This information lends further support to the
ml/g in each case. In these experiments, the breakthrough curves suitability of the WIPP Site for transuranic waste disposal.
of Co2+, Co(OH)2, and Co-EDTA showed good agreements with the
calculations which based on the ion exchange, filtration, and U7.39
absorption model, respectively. IN SITU OBSERVATION OF THE ALPHA/ BETA -CRISTOBALITE TRANSITION

U7. 37 USING HIGH VOLTAGE ELECTRON MICROSCOPY. Annemarie Meke.
Materials and Chemical Sciences Division, Lawrence BerkeleyGRIMSEL COLLOID EXERCISE. C. DEGUELDRE, Paul Scherrer Institute. CH-5232 Laboratory, Berkeley, CA 94720; and William Glassley, Earth SciencesVillingen, SwitzerLand oivision, Lawrence Livermore National Laboratory, Livermore. CA

The Grimscl Colloid Exercise is an intcrcompainson exercise which consisted of an in situ 94550.
sampling phase followed by a colloid characterization step. The goal of this benchmark,
which involved 12 laboratories, is to evaluate both sampling and characterization techniques
with emphasis on the colloid specific size distribution. Tne sampling took place at the To predict the behavior of the near-field environment of high-level
Gnmscl Test Site (NAGRA facility) and colloids were sampled from the water flowing in radioactive waste containers, single phase dissolution and precipitationthe granitic fracture. The production of colloid samples was carried out in duplicate by cross kinetics data are required. In the course of obtaining such data on
flow filtration (CEA, PSI) and by tangential flow filtration (AECL, UKAEA) while crislobalite at LLNL, it was noted that synthetic cristobalite dissolved at
unfiltered water was also collected. CEA and PSI produced colloid samples on membranes rates slightly higher than natural cristobalite. Detailed characterization
changing bath the pare size (3 -.450 nm) and the volume of water collected (0- 15l). of the starting materials, using the 1.5 Mev High Voltage Electron
The colloid concentrates were yielded by tangential filtration with a cut-off of 1.5 (AECL) Microscope (HVEM) at LBL, revealed that both samples contained beta-
and 2.1 (UKAEA) nm respectively, the former concentrate being produced aflter a I tim
prefiltration. While shipping and storage may affect the colloid samples, as well as the nsobalite and amorphous silica, in addition to alpha-cristobalite. To
composiuon of both unfiltered/filtered water and concentrate samples, major element understand the mechanism responsible for the apparent metastable
composiuon of the fluid samples was comparable for the chemical analysis groups. persistence of bela-cristobalite and amorphous silica, in-situ
However, CO2 contamination from the air decreases the pH from 9.6 to about 8 while experiments were conducted on synthetic alpha-cristobalite using an
increasing the total inorganic carbon. The exercise differentiates the colloid samples environmental cell in which it was possible to introduce either dry C02
produced on site from those obtained after trmsfr of the fluid samples in the laboramry. The or a C02 + H20 vapor during heating and cooling sequences. Direct
colloid concentration esumated by transmission electron microscopy and by gravimetry is observation of electron diffraction patterns during the experiments
around 1014 pt.I1

l 
for diameters larger than 10 nm. For colloids larger than 50 nm the suggests that the presence of water vapor affects the alpha-beta

concentration measured by scanning electron microscopy is about 1010 pLI
"1. 

For transition temperature, and may be responsible in part for the
colloids/paricles larger than 450 nm, the concentration measured by gravimetry, scanning development of a stability field for amorphous silica at the transition.
electron microscopy and single particle counting is about 2 l07 

pL l"1
.On a weight basis, the Preliminary results suggest that the temperature interval over which

total colloid and particle concentration measured by gravimetry, laser phosoacoustic amorphous silica may persist could be several tens of degrees. Thespectroscopy. chemical analysis of fluid samples, scanning electron microscopy, single amorphous phase was not observed during the dry heating experiments.
particle counting and static light scattering is 200 ± 100 ppb. They consit of silica. Because a high temperature, water-saturated vapor phase is expected to
illitemuscovite. biotitc calcium silicate. and organic material These particles ar negatively persist In the near-field environment for several hundred years, the
charged in the in situ conditions and the average cumulative specific size distribution is chemical and mechanical properties of the proposed repository tuff maygiven by. logIcol] = 15.82(±0.36) - 3.17(±0.16)logO with 0 the colloid diameter ranging be modified by the development of amorphous silica from cristobalite.
from 10 to 10.000 nm and Icolt] given in pLt'. On the basis of an ave-age site density of 3 Further work is continuing in order to more precisely characterize the
nm

"2 
the calculated cation exchange capacity is of the order of nM and below the detection properties of this structural transition and its implications for near-

limit of the classical CEC tests. These results are discussed on the basis of the detection field behavior.
limit, lateral resolution and counting conditions of the techniques (precision) as well as the Performed under contract W-74n5-ENG-48 for Department of Energy
sample preparation (accuracy). The main recommendations are the need of in situ sampling, Office of Civilian Radioactive Waste Management, Yucca Mountain Project.
track of artefact production (e.g. ion retention, aggregation .) and the minimization of
potential contamination during sample preparation. Details on this study are published in a U7 .40
PSI/NAGRA/CEC rpor. ESTIMATION OF LONG-TERN DURABILITY OF BEWIONITE FR(N THE

U7.38 Th-ERMAL HISTORY OF NIJRAKAMI DEPOSIT, JAPAN. G. Kamei,

A1TIGEI(" Cl-AN MINERAdS IN TIH RUSTLER FrMTION, WIPP SITE T. Arai, Y. Yusa, N. Sasaki, Power Reactor & N -rear Fuel

,REA, NI' !NI(X). tiougliss Ci. tbrookin,, Universisty New Development Co., Tokai-mura, Ibaraki, Japan, H. Takano, Dia

',te'(.s,, Alt erque, NI 8713--1; Steven 3. tambert, Sandat Consultants Company, Ikebukuro, Toshima-ku, Tokyo, Japan.

Nitionftl [tsratories, Albuquerque, NI 87185; and lkivid B. The illitization of smectite in natural environment affords
Wsird, nivvrsity of' New Mexico, Albuquerque, NI 87131. information on the long-term durability of bentonite which

is a candidate for buffer materials. ?urakami bentoniteTran.iuranic, waste is planned for disposal sn the Late deposit, central Japan, where the bentonite and rhyolitic
Permiari evaporites of the Delaware Basin, southeastern Nei intrusive are distributed, was surveyed and lateral varia-
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tion of smectite to illite in the aureole of the rhyolite ture gradient is much shorter than that required for
was studied, moisture equilibrium. The migration of moisture in the

backfill has little effect on the heat transfer process.
Geochronology: The radicmetric ages of some minerals from U7.43
the intrusive rock and the clay deposit were measured.
Comparison of the mineral ages (obtained by K-Ar, Rb-Sr, A COUPLED CHEMICAL-MASS TRANSPORT SUBMODEL FOR PREDICTING
and fission track methods) with closure temperature esti- RADIONUCLIDE RELEASE FROM AN ENGINEERED BARRIER SYSTEM
mates for the various isotopic systems has allowed the CONTAINING HIGH-LEVEL WASTE GLASS. B. P. McGrail, D. W.
thermal history of the area. The age of the intrusion was Engel, M. J. Apted, A. M. Liebetrau, Battelle, Pacific
7.l±0.5Ma (at 350-C), and the cooling rate of the intrusive Northwest Laboratories, P. 0. Box 999, Richland, WA 99352,
rock was estimated to be 30-60 *C/Ma. and N. Sasaki, Power Reactor and Nuclear Fuel Development

Durability of bentonite: The reported values of the fission Corporation, Tokal-mura, Ibaraki-ken, Japan.

track age of zircon in the bentonite around Murakami mine
are mostly within the range from 16 to 18 Ma. The age of Battelle, Pacific Northwest Laboratories is assisting the
zircon in the bentonite obtained at f4urakami mine is, how- Power Reactor and Nuclear Fuel Development Corporation of
ever 7.3±0.4 Ma, which is very close to that of the intru- Japan (PNC) in developing models to predict the performance
sion. The latter value must be explained as the result of of an engineered barrier system (EBS) in a deep geologic
annealing for fission tracks in ziron. Hurford (1986) re- repository for the permanent disposal of high-level nuclear
ported that minimum temperature of the annealing is taken to waste. Mass transport models developed at the University of
be 190 *C for a 10-100 °C/Ma cooling rate. The annealing California-Berkeley and implemented in the Analytical
and the estimated cooling rate concludes that illitization
was not scarcely occurred in 1.6-2.6Ma under the temperature Repository Source-Term (AREST) computer code for spent reactor
range from 190 *C to 100 'C. fuel were modified to accommodate the borosilicate glass waste

forms being considered by PNC. An analytical solution to
The waterchemistry related with the illitization was also the mass balance equations was derived that demonstrates the
discussed from the isotope-geochemical point of view. importance of understanding the kinetics of glass/water

interactions to accurately predict diffusive mass transfer
U7.41 rates into the host rock. Preliminary results with the

DIFFUSION OF SODIUM AND COPPER IN COMPACTED SODIUM modified AREST code show that, unlike spent fuel, a
BENTONITE AT ROOM TEMPERATURE A. Muurinen, K. distribution of containment failures over time does not
Uusheimo and M.QOlin, Technical Research Centre of significantly reduce the peak release of U-238 and Cs-135
Finland, Reactor Laboratory, Otakaari 3A, SF-02150 from the glass relative to a limiting case in which all
ESPOO, Finland containers are assumed to fail simultaneously.

Compacted sodium bentonite has been considered as U7.44 ABSTRACT WITHDRAWN
possible buffer material for final disposal of
spent fuel in many countries. For safety analysis U8.1 ABSTRACT NOT AVAILABLE

the migration mechanisms of substances in bentonite
and the corresponding parametres must be known. In U8.2

this research the diffusion mechanisms of sodium OXIDATION OF U02 FUEL BY RADICALS FORMED DURING RADIOLYSIS
and copper in bentonite were studied experimentally OF WATER. S. Sunder, D.W. Shoesmith, H. Christensen', N.H.
at room temperature. Miller and M.G. Bailey, Geochemistry and Waste Immobiliza-

tion Division, Atomic Energy of Canada Limited, Whiteshell
Diffusion of sodium seems to follow similar Nuclear Research Establishment, Pinava, Manitoba, Canada
mechanisms as has been observed for cesium and ROE ILO; 'Studsvik, S-611 82 Nykoping, Sweden.
strontium in several previous studies. The
phenomena could be explained by some kind of Our studies have shown that the radical species, formed
diffusion of sorbed ions or surface diffusion. The during radiolysis of water, are much more effective In
measured apparent diffusivities of sodium varied causing U02 oxidation than the molecular oxidants formed
from 5. 1 0

-
l

I  
to 3.10 - 1 0 

m2 /s and the effective during radiolysis of water or present in water from
diffusivities from B-10 - 1 1  

to 1.6.10 - 9  
m

2
/s atmospheric sources. The effects of specific radicals on

depending on the density of bentonite and the salt U02 oxidation were determined by controlling the solution
concentration of water solution. chemistry, during radiolysis, to maximize the yield of a

particular radical. The rate of oxidation of U02 during
Low solubility of copper caused precipitation thus radiolysis was monitored by recording the corrosion
interfering the diffusion experiments. However, potential of the U02 electrode as a function of time.
the part of copper which did diffuse into bentonite Under steady-state conditions, the corrosion rate can be
seemed to follow the same type of mechanism as obtained from the corrosion potential by doing an
sodium. The measured apparent diffusivities of electrochemical Tafel analysis. Our studies suggest that
copper varied from 5.10 -l to 5.10- 11 m2 /s. the oxidation of UO2 , in irradiated de-oxygenated

solutions, consists of two stages. The first stage consists
U7.42 of the growth of a surface film of composition close to
THERMAL BEHAVIOUR OF BACKFILL MATERIAL FOR A NUCLEAR FUEL U02.,3 and similar in thickness to that obtained in
WASTE DISPOSAL VAULT, R.N. Yong and A.M.O Mohamed, unirradiated oxygenated solutions over longer exposure
Geotechnical Research Centre, McGill University, 8167 periods. For small doses, the rate of growth of this film

Sherbrooke Street V., Montreal, Quebec H3A 2K6, and appears to be proportional to the square root of the dose
S.C.H. Cheung, Atomic Energy of Canada Limited, Whiteshell rate. The second stage consists of oxidative dissolution
Nuclear Research Establishment, Pinawa, Manitoba, Canada of this film (as UOJ*). This step mainly occurs at a higher
ROE 1LO. dose. In irradiated oxygenated solutions, where Oj radicals

can reach concentrations of 10"$ sol.L
"
, further surface

One of the performance requirements of the backfill material oxidation to UO2 .67 and other higher uranium oxides occurs.
in a nuclear fuel-waste disposal vault is to effectively Our electrochemical results indicate the corrosion rates of
conduct heat generated by the decay of the waste into the U02 in irradiated solutions are substantially higher in the
surrounding rock. This paper presents the experimental presence of dissolved oxygen than in its absence.
results of the thermal behaviour of the reference Canadian
backfill material subjected to various temperature
gradients. The results show that the time for the backfill
material to establish thermal equilibrium under a tempera-
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U8.3 Laboratory tests are being initiated to gain a better
CONSTRAINTS BY EXPERIMENTAL DATA FOR MODELING understanding of potential soluble nuclide dissolution rates

OF RADIONUCLIDE RELEASE FROM SPENT FUEL. from spent fuel under proposed Yucca Mountain repository
B. Grambow, L.O. Werme R. Forsyth , j. conditions. The release of actinide nuclides, which account

Bruno *ahn-Meitner-Institut Berlin, FRG; for most of the long-term radioactivity in spent fuel, should
** *be limited by solubility to levels sufficiently low to meet

SKB, Stockhol ** Sweden; Studsvik, Nuclear Regulatory Commission controlled release limits. The
Nyk6ping, Sweden; Royal Institut of Technol- release potential for soluble nuclides such as 99Tc, 13

5Cs,
ogy, Stockholm, Sweden 12 6Sn, "4C and 1I, which account for about I - 2 % of the

activity in spent fuel at ]000-years, is less certain.
In order to find constraints for the contribu- Factors potentially affecting soluble nuclide dissolution

tions to fission product release from spent rates include degradation of the fuel structure by oxidation
in the repository air atmosphere, temperature, and fuel

U02 fuel we compared a large body of data of characteristics such as fractional fission gas release.
various fuel types from research projects in
Canada, USA and Sweden. _There is evidence that Semi-static tests (total water changed each test cycle and
the release data of 90Sr can be used to periodic sample volumes replenished during test cycles) with
describe the degradation (oxidation/ diss u- low temperature oxidized fuel and "high gas release" fuel are
tion) of the matrix. A compilation of fiSr being initiated. Semi-static tests are relatively simple and

simulate potential dissolution scenarios in the repository,release data under oxic conditions from the but do not measure the fuel matrix dissolution rate or
swedish, the canadian and the US spent fuel indicate the degree to which soluble nuclides are preferon-
corrosion program shows surprising quantitative tially dissolved from limited concentrations at grain
similarities. After 1000 days typical fraction- boundaries. Flow-through tests are being developed to deter-
al release rates of soluble radionuclides are mine the degree to which soluble nuclides'are preferentially
10-7/d. The rate of fuel alteration under oxic released relative to fuel matrix dissolution rates. Achallenging aspect of the flow-through test development is
conditions is either controlled by (1) the the measurement of soluble nuclides at concentrations that
growth rate of secondary alteration products, are much lower than in the semi-static tests. The rationale
(2) the solubility controlled dissolution rate for conducting these types of tests, results from semi-static
of the matrix or (3) the rate of formation of scoping tests with oxidized spent fuel, analytical require-
oxidants by radiolysis. The various explana- ments and results from preliminary flow-through tests are

tions and their quantitative contribution are discussed.

discussed in the paper. U9.1

U8.4 THEORETICAL MODELING OF CREVICE AND PITTING CORROSION

STATISTICAL MODEL FOR GRAIN BOUNDARY AND GRAIN VOLUME OXIDA- PROCESSES IN RELATION TO CORROSION OF RADIOACTIVE WASTE

TION KINETICS IN U02 SPENT FUEL' CONTAINERS, John C. Walton, Idaho National Engineering
R.B. Stout and H.F. Shaw, Univ. of California - LLNL, P.O. Laboratory, P.O. Box 1625, Idaho Falls, Idaho 83415
Box 808, L-201, Livermore, CA 94550, and R.E. Einziger,
Battelle - PNL, P.O. Box 999, Richland, WA 99352 A mathematical and numerical model for evaluation of crevice

and pitting corrosion in radioactive waste containers isThe Yucca Mountain Project of the USDE is investigating the presented. The model considers mass transport, mass
suitability of a site in the unsaturated zone at Yucca Mtn., preset the mel/conis a anotma
NV for a high-level nuclear waste repository. Most of the transfer at the metal/solution interface, and chemical
waste will consist of U02 spent fuel in Zircaloy-clad rods speciation in the corrosion cavity. The model is compared
from nuclear reactors. If failure of both the waste containers against experimental data obtained in artificial crevices.
and the cladding occurs within the lifetime of the repository, Excellent agreement is found between modeled and
then the U02 will be exposed to oxygen in the air and higher experimental values. The importance of full consideration
oxides of uranium may form. The oxidation state of the spent
fuel may affect its dissolution behavior if later contacted of complex ion formation in the aqueous solution is

by water. A model for the kinetics of spent fuel oxidation emphasized and illustrated.
under repository-relevant conditions is thus necessary to
predict the behavior of the waste form for assessing the U9.2
performance of the repository with respect to the containment
of radionuclides. In spent fuel experiments, the UO oxidation CORROSION PRODUCT IDENTIFICATION AND RELATIVE RATES OF
front initially propagates along grain boundaries followed by CORROSION OF CANDIDATE METALS IN AN IRRADIATED AIR-STEAM
propagation into grain volumes. Thus, the oxidation kinetics ENVIRONMENT.* Donald T. Reed, V. Swayambunathan, Argonne
is controlled by two processes and the oxidation of spent fuel National Laboratory, 9700 South Cass Avenue, Argonne, IL
fragments will depend on the density and physical attributes 60439; and Richard A. Van KonynenburQ, Lawrence Livermore
of grain boundaries. With this in mind, concepts from statis- National Laboratory, Yucca Mountain Project, P. 0. Box 5514,
tical mechanics are used to define a density function for Livermore, CA 94551.
grain boundaries per unit volume per unit species in a spent
fuel fragment. Combining the integral forms of mass conserva- Yucca Mountain Project (YMP) is investigating the
tion and this grain boundary density function, a model for the feasibility of constructing a high-level nuclear waste
global rate of oxidation for a spent fuel fragment is ob- repository in the unsaturated zone of the Yucca Mountain
tained. For rapid grain boundary oxidation compared to grain located in Southwestern Nevada. The high-level nuclear
volume oxidation, equations of the model are solved and waste container will initially be subjected to an air-steam
results compared to existing data. environment with a gamma dose rate that may be In excess of
Limwork perfomed under te ,picot of the U.S Department of Enrgy. Office of 0.01 Mrad/h. To provide input to the YMP material selectionCiviliani Radioactive Waste Manon t. Yucca Muntli Project Office. by the Lawrence process, a literature review was performed to identify the
Lvevswe National Laboratory under contract W-740S*-E-48. nature of the corrosion products formed on copper-based

U8.5 materials. In addition, short-term experiments were
performed to identify the corrosion products formed as a

MEASUREMENT OF SOLUBLE NUCLIDE DISSOLUTION RATES FROM SPENT function of Irradiation conditions. These data are alsoFUEL. Charles N. Wilson, Pacific Northwest Laboratory, P. 0. reported.
Box 999, Richland, WA 99352.
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*Work supported by the U.S. Department of Energy, Office U9.5

of Civilian Radioactive Waste Management, Yucca Mountain A CORROSION LOCALIZATION ASSESSMENT OF THE MILD
Project Office, under Contract Number W-31-109-Eng-38. STEEL USED FOR NUCLEAR WASTE PACKAGE. Masatsune

Akashi, Research Institute, Ishikawajima-Harima
U9.3 Heavy Industries Co., Ltd., Tokyo, JAPAN

A STUDY ON FABRICATION TE-NOLOGY OF CERAMIC OrERPACK -
A CONCEPTUAL DESIGN AND FABRICATION OF A FULL SCALE CERAMIC This paper describes a study of the corrosion
OERPACK. T. Teshima, Y. Karita, NGK Insulators, Ltd., Suda- behavior of high-level nuclear waste packages
cho, Mizuho-ku, Nagoya, Japan; H. Ishikawa, and N. Sasaki, made of mild steels in the geological disposal.
Power Reactor and Fuel Development Corp., Tokai-mura, Ibaraki, It has aimed at establishing the model estimates
Japan. the corrosion allowance required to achieve a

1000-year life.
Ceramic materials are being considered as candidate materials
for overpacks because of their high durability. This paper Series of galvanostatic tests, which can be
describes the conceptual design and fabrication of a full- modeled on the corrosion behavior governed by
scale cermaic overpack. the diffusion of dissolved oxygen in the neutral

environment. The maximum penetration depth and
The external pressure loading, equivalent to the initial the depth distribution were measured for each
rock pressures at the dept of 1000 m, was estimated to be in specimen by a sophisticated ultrasonic inspection
the range of 280-560 kg/cm . Materials investigated were technique.
porcelain for insulators, one of traditional ceramic, and

IAMO with high purity of 99.7%, one of specialized ceramic. The Gumbel distribution model was applied to the
Th ielected design consisted of a cylindrical shell with analysis of each data set of maximum penetration
hemispherical heads at each end. The design thickness of depths. For the purpose of the prediction of
overpack is the sun of the structural thickness and corrosion corrosion allowance required, the distribution
allowance. The thickness required to resist the lithostatic parameters were estimated due to the linear un-
pressure, estimated by the semi-empirical design equations biased estimator method which allowed for extra-
for buckling of shells and finite element stress analyses is polation in space. The relations among the aver-
is 119 mm for porcelain and 40 mm for Al 0 The calculated age penetration depth, the maximum penetration
corrosion thickness for 1000 years (basei ;n preliminary cor- depth and the corrosion allowance required were
rosion test results) is 20 mm for porcelain and <1 mm for discussed.
Alo., and leads to a design thickness of 150 mm for porce-
laln-and 50 mm for Al,03 . UIO.1/T4.1

FRACTAL STKUCTURE AND DYNAMICS OF TWO FLUID
A full-scale overpack of porcelain, of dimensions 800 ma out- FLOW IN POROUS MEDIA. Jens Feder, Department of Physics,

er diameter x 2200 ma length x 150 mm wall thickness, was
fabricated under the ordinary level of fabrication technology. University of Oslo, Box 1048 Blindern, 0316 Oslo 3, Norway.

U9.4 The flow of fluids in porous media leads to displacement fronts that
"AN INIERPREIAIION OF THE FIGIH-SIRESS, LOW-I NERAIURE are fractal in many situations. We discuss results obtained in exper-
CRACKING OF ZIRCALOY-4 5PEtry(EL CLADDING." H. D. Smith, iments on two-dimensional models. The dispersion of tracers, the
Pac fic Northwest Laboratory , Richland, Washingt-n99352. invasion percolation at low displacement rates and the viscous fin-

Zircaloy spent fuel cladding is expected to Inhibit the gering at high displacement rates are discussed. Symmetry breaking
access of the repository environment to spent fuel and the by gravity effects due to density differences leads to crossover phe-
subsequent release of radionucl ides to the environment after nomena that can be described by scaling functions. New results on
failure of the waste package container. Experiments were the displacement in three-dimensional models are presented.
conducted on Zircaloy-4 spent fuel cladding C-rings to
ascertain their susceptibility to cracking under tuff Fractal displacement processes exhibit dynamic scaling behavior
repository conditions. (These spent fuel rods will be stored
in a pressurized state.) This was accomplished by stressing characterized by new expouts, which we discuss in the context
the C-rings with a dead-weight load while they were exposed of invasion percolation.
to 90'C well J-13 water. The stress levels ranged from 80 to
96% of the observed yield stress as determined from U10.2/T4.2
proportional limit testing of sibling Zircaloy-4 C-rings. NUMERICAL AND ANALYTICAL MODELS OF TRANSPORT IN
The C-rings broke in 26 to 245 days, depending on the stress POROUS CEMENTITIOUS MATERIALS. Edward J. Garboczi
level. Fracture characteristics observed by optical and Dale P. Bentz, National Institute of Standards
microscopy and scanning electron microscopy show the and Technology, Building Materials Division,
development of transgranular fractures at the beginning of 226/B348, Gaithersburg, MD 20899.
cracking of the C-rings. Rapid deformation produces only
ductile failure. This Indicates that stress corrosion Fluid flow under applied pressure gradients and
cracking or delayed hydrogen cracking are the probable mech- ionic diffusion under applied concentration
anisms initiating failure. Two experiments run in laboratory gradients in the pore space of a cementitious
air took longer to fail but still failed. In all cases, the material are thL key transport mechanisms that take
fracture surface and apparent initial crack growth rates were place in these aterials. Recent theoretical
consistent with delayed hydrogen cracking as the cause of the developments in the research labs of the oil
C-ring failure, exploration industry give new insight into how

these processes can be successfully modelled at a
fundamental level for cementitious materials. This

(a)The Yucca Mountain Project of the U.S. DOE Isinvesti- talk will describe new computational methods for
gating the suitability of a site in the unsaturated zone at computing effective diffusion constants in models
Yucca Mountain, Nevada, for a high-level waste repository. of porous materials, and analytical percolation-
(b)Pacific Northwest Laboratory is operated for the U.S. theory-based equations for predicting effective
Department of Energy by Battelle Memorial Institute under permeabilities. Digitized image modeling
Contract DE-ACO6-76RLO 1830. techniques developed at MIST will also be

described.
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010. 3/T4 .3 measurements Of two-dimensional samples of three-dimensional fracture networks
SIZING REOUIREMENTS FOR FLOW-THROUGH GEOCHEMICAL (at diverse scales in rocks of dissimilar age, lhthology, and tectonic setting) show
TESTS THEORETICAL CONSIDERATIONS. .D. Hoover similar frnctal dimensions in the range L6.1..
and E. C. Thornton, Westinghouse Hanford Company, P.O. Box 1970, Thc sm l range in fractal dimension implies that a single physical proem of rock
Richland, WA 99352 racun ig operate over a wide range =e from microscopic cracks to large,

re a i oault systems. Independent field evidence has previously demonstrated
A methodology for evaluating test apparatus size requirements has been that ork facturig is an itrativ procanwhh preexis.in fractures influence
applied to the sizing of flow-through tests used in the evaluation of coupled the formation of subsequent framrs (such behavior is characteristic of fractal
processes in open hydrothermal systems. The results of the sizing roceses). The fractal behavior implies that fracture-nenork development isgoverned by a nonlinear equation. Fortunately, the ability of firacal mathematicsevaluation provide limits on the apparatus dimensions and test conditions to accurately quantify and model the system is n dependent on specific
required to yield results representative of the processes of interest. It is knowledge of this equaion as the equation has not yetl eta identsife.
indicated from these evaluations that this information is critical in the
design of flow-through tests and in the interpretation of test results. Size Knowledge that rock fracture networks are fractal allows use of data from a one-
considerations, therefore, impact the use of flow-through test results in dimensional drill-hole sample to predict the two- and three-dimensional atributes
simulating the processes expected to occur in the near-field environment of of the fracture system. The spacing of fractures in drill hole is a fractal Cantora nuclear waste repository. distribution, and the rage of fractal dimension is 0.6-0.8, which is an integerdimension less than ta of fracure-trac Pattrns exposed on two-dimensional

planar ectios The pattern of rock-matrix flow can exhibit fracaWfnernganThe main objective of this size evaluation is determination of the column mat permeability is patchy in a manner analous to fractalperlin dsr
dimensions and test conditions necessary to produce reactions pertinent to
the processes of interest. The basis of the evaluation is treatment of the U10. 6/T4.6
time required for reactions or processes of interest to occur, as the required
column residence time for the fluid. Reaction paths and reaction times for FLOW TO WEU.S IN FRACIURED ROCK W TH FRACTAL
model systems were determined using geochemical models involving STRUCTURE. Jim Polek, Kenzi Karasaki and Jane Long, Lawrence
reaction rate equations based on transition state theory. The range of Berkeley Laboria erkeley, CA; and John Barker, British Geo-
appropriate column dimensions may then be obtained using expressions logical Survey, Wallingford. Oxfordshire, U.K.
relating residence time to apparatus dimensions and flow conditions. Tradtionally, models of fluid transport in rocks have been based on

A finite range of appropriate column dimensions and test conditions exist an integral (EucLidean) flow dimension. However, this assumption is
for a given residence time requirement. However, determination of not necessary and may not always be appropriate, especially for
appropriate residence time depends on the purpose of the test and rocks with poorly connected fractures. Barker (1988) has formulated
processes of interest. Factors such as test duration, sampling requirements, and solved the equation of flow to a well in a rock system character-
and engineering limitations must also impact the size and/or scale ized by an arbitrary flow dimension.
requirements and these criteria can be used in the choice of the most Using Sierpinsld's carpet and a random percolating network, we gen-
practical combination of column dimensions and test conditions. It is crat g two types of fractured rock systems with fractal properties.
indicated from the results of this study that size evaluations provide a We then simulated hydraulic well tests in these systems. Both the
technical basis for the design and construction of flow-through tests, and fractal dimensions and the "radial" fractal dimensions of the systemsalso for the interpretation of test results. were calculated using Orbach's (1986) method. The latter was cal-
U10. 4/T4.4 culated by accounting for only the radial component of the conduc-tor. Of the two, we found that the radial fractal dimension better
A LAGRANGIAN REACTIVE TRANSPORT SIMULATOR WITH describes the physical processes occuring during a well test. The
MULTIPLE PATHS AND STATIONARY-STATES- CONCEPTS, results from the well tests were in agreement with Barker's solution
IMPLEMENTATION AND VERIFICATION. R. B. Knao, L206, Earth and a relationship between the slope of the pressure response curve
Sciences Department, Lawrence Livermore National Laboratory, University and the radial fractal dimension was found. This relationship is
of California, Livermore. California 94550 significant because it could lead to a value for the fractal dimension

of rock from field well test data. This field fractal dimension could
then be used to estimate the rock's flow geometry and flow charac-

A geochemical software package which models static, single-path kinetic teristics.
water-rock interactions, EQ3/6 [Wolery, T. 3., Lawrence Livermore Na-
tional Laboratory, UCRL-52658, 1979], has been modified to incorporate U10. 7/T4 .7
multiple-paths and stationary states under high Peclet number transport A1NISOTROPIC SCALING OF INTERFACES IN POROUS MEDIA.
conditions in a Lagrangian reference frame [Lichtner, 1988]. These Miguel A. Rubio, Haverford College, taverford, PA,
modifications permit calculation of reactive transport with reasonable a.-d UNED, Madrid, Spain; Andrew Dwinhert,, Haver-
computational requirements. Results from the new code, mpeq6, have ford College, Haverford, PA; and Jerry P. Gollub,
been compared with analytical results for the simple HC SiO2 system; ex- Haverford College, Haverford, PA, and University
cellent agreements were achieved. Results from mpeq6 have also been of Pennsylvania, Philadelphia, PA.
compared with published results [Lichtner, P., Geochim. Cosmochim.
Acta. 52, 143-165, 1988] for a portion of the A1203 -HCI -K20 -SiO2  Two-fluid immiscible displacement may produce
system. The results are in good qualitative and, in some cases, good self-similar fractal interfaces, often described
quantitative agreement. However, the values of some variables differ sub- by invasion percolation or DLA models, for certain
stantially; these differences can be aributed to use of a different set of Al ranges of the relative viscosities and wetting
and Si aqueous species. properties of the fluids. These self-similar

structures have the same scaling behavior in all
U10.5/T4.5 directions.
FRACTAL C1IARACTEISCS OF FRACTURE NETWORKS AND FLUID
MOVEMENTI4ROCL rioph-r CBarton, BW2046.MS913, Federl Here we show that when the displacing fluid is
Ccater, Denver, CO 81225 more viscous and more efficient in wetting the

SodeWa needtorecverfluidr ewur (water, iL, andSAS)fromthe EarthAnd medium, the interfaces are self-affine fractals,
to nActtomcwaftmaterialsuar. ia maarequires quatitamivt no" to i.e., they show different scaling in different di-
desciead predicthemovemet ofl9isinrck.alt-i gmdelsbased an rections. We present experimental results on the
pore-spac low are inappria for study of the mor rapid pnecess of fluid flow interfaces obtained when water displaces air in a
througlifractUr etwork -Ti. type offlow isot atsimple funtaicofthe thin layer of glass beads. We have characterized
Ir acntre characteristic al ay particular scale, b ut raer theihegration of the interfaces by computing their roughness
wntribuiatallle5. (r.m.s. value of the interfacial width) as a func-

TLemathematical ouruo.. fracal, ometry eua uel,"suikedtoquantify tion of length scale. The roughness shows power-
,.dmodelrelatio"In Withiatps ystemsat r tatisially equivalent law behavior with exponent L - 0.73±0.03, indepen-
:hti, &1.imil )all Kale, MyMsultss1howthatnaturalracturc networks dent of the control parameter (capillary number,
r!rockftloow&fraal scalinglawomsi, ordersofmagnitude. Dctsile Ca). This exponent is related to the box dimension
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2-8, and the divider cr compass dimension 1/2. been proposed as a suitable backfill material. itThis behavior means that the interfaces are self- is therefore important to investigate the influ-affine fractals with a box dimension of 1.27. ence of BC on the corrosion of spent U02-fuel and
on the release behaviour of fission products(FP's)Supported by the NSF Low Temperature Physics and actinides(An's). In this investigation theProgram DMR-8503543. M.A.R. was supported in part leaching/migration of FP and An's from spent fuelby a Fellowship of the NATO Scientific Committee. pellets into highly compacted BC is measured.

U10.8/T4.8 The release and migration of the FP's Cs, Eu and
SIZING AND SCALING REQUIREMENTS OF A LARGE-SCALE PHYSICAL TC and the An's U, Pu, Am and Cm is measured afterMODEL FOR CODE VALIDATION. R. Khaleel, T. LeGore, and different contact times (0.3, 0.5 and 1.1 a).J. D. Hoover, Westinghouse Hanford Co., Richland, WA. Experiments aiming at longer contact times are in

progress. In some cases small amounts (0.5-1%) ofPost-closure performance assessment and the associated Cu, Fe or vivianite have been added to the BC.
application of mathematical models play a critical role
in assessing the long-term behavior of the engineered The results indicate a high mobility of Cs. Theand natural barriers of a geologic repository. Although An's have a very low mobility. After 1.1 year, Puverification and benchmarking constitute an important has diffused less than 0.5 mm away from the fuel.part of determining model acceptability, it does not Am and Cm appear to be somewhat more mobile. Theestablish that the model is a reasonable approximation behaviour of Eu is similar to that of An(III). Tcto physical reality. This is accomplished in the has a high mobility in BC, except in the case ofvalidation step in which model calculations are compared iron addition.
with data from controlled experiments.

Uli.2Although in-situ field experiments provide useful data, MODELLING THE IN SITU PERFORMANCE OF BENTONITE-SAND BUFFER.information needed for model validation cannot be H.S. Radhakrishna, K.-C. Lau, Ontario Hydro Researchobtained from field observations alone because of the Division, Location Klt252, 800 Kipling Avenue, Toronto,inherent uncertainties associated with the natural system. Ontario, Canada MBZ 5S4, B.H. Kjartanson and S.C.H.However, physical models, when properly scaled, Cheung, Atomic Energy of Canada Limited, Whiteshell Nuclearconstructed, and instrumented can provide the necessary Research Establishment, Pinawa, Manitoba, Canada ROE 1LO.
information for validation of mathematical models and
computer codes, and can overcome many of the uncertainties In the Canadian nuclear fuel waste management concept, aassociated with large-scale in-situ testing. The number of engineered barriers, such as the waste containersrelationships between measurement, size, scaling, and and the bentonite-sand buffer, are used to inhibit thediscretization (block size) used in a numerical model transport of radionuclides. The buffer material is alsomust be incorporated in the conceptualization of a required to effectively conduct the heat from the wastephysical model. Sizing and scaling requirements of a containers to the surrounding rock. This paper examineslarge-scale physical model for hydrological testing are the principal processes occurring in the buffer beforediscussed. The justification for the minimum size of a water saturation takes place, and the impacts of suchphysical model for hydrological testing can be based on processes on buffer performance. Particular emphasis isthe nature of heterogeneities introduced into the model, placed on the modelling of heat and moisture transfer.Results of numerical simulations used to determine the Numerical simulations show that the temperaturem distri-preliminary size requirements of a porous medium model bution can be reasonably predicted by the Philip-DeVries
are presented. model, while the moisture distribtion is found to be
U1O. 9/T4.9 sensitive to the transport coefficients, and also depends
PERFORMANCE OF CONCRETE BARRIERS IN RADIOACTIVE WASTE on the hydraulic boundary conditions.
DISPOSAL IN THE UNSATURATED ZONE. John C. Walton and Mark Ull.30. Otis. Idaho National Engineering Laboratory, P.O. BoxD.6Ots, Idaho ational Engin g LTHE EFFECT OF CRACKS ON DIFFUSIVE MASS TRANSPORT THROUGH A1625, Idaho Falls, Idaho 83415 CLAY BARRIER. Nays C. Garisto and Frank Garisto, Atomic
Concrete barriers are an important component of many designs Energy of Canada Limited, Whiteshell Nuclear Research
for disposal of radioactive waste in the unsaturated zone. Establishment, Pinava, Manitoba, Canada ROE 1LO
In order to evaluate the effectiveness of the concrete Clay-based barriers are often proposed as engineered sealing
barriers performance assessment models representing the systems for underground disposal vaults of used nuclear
material degradation and behavior must developed. Models fuel. Thus, in the Canadian conceptual vault design, each
for evaluation of fluid flow and mass ansport through used-fuel container is emplaced in a vertical borehole in
concrete barriers located in the unsaturated zone are rock and surrounded by a compacted buffer material, made up
presented. Implications of the use of impermeable membranes of a mixture of sodium bentonite and sand. There is some

evidence, however, that the buffer may be susceptible toin barrier design are discussed. The effectiveness of the fracturing due to, for example, cementation or moisture
concrete is shown to be dependent upon effective design. depletion.
Concrete of highest quality may not always be desirable tor
use in waste disposal vaults. In this paper we estimate numerically the consequences of

fracturing on radionuclide diffusion through a finite bufferUl1.1 layer. The cases studied represent hypothetical crack
widths and density of cracks in a reference system based onLEACHING/MIGRATION OF U02-FUEL IN COMPACTED BEN- the Canadian conceptual vault design.

TONITE. Y. Albinsson, G. Skarnemark, M. Sk&lberg,
Department of Nuclear Chemistry, Chalmers Uni- The results indicate that for swept away boundary conditionsversity of Technology, S-412 96 Gbteborg, Sweden; at the buffer/rock interface, the total flux through theR. Forsyth, Studsvik AB, S-611 82 Nykdping, Swe- cracked buffer system is, as expecteJ, greater than throughden; B. Toratenfelt, ABB-Atom, S-721 63 V~sterhs, the corresponding uncracked buffer. However, the effect ofSweden; L. Werme. Swedish Nuclear Fuel and Waste the cracks, which depends on the crack's width and theManagement, Box 5864, S-102 48 Stockholm, Sweden. inter-crack spacing, is relatively small.

In the Swedish concept for final disposal of high- Moreover, for the case in which the rock at the buffer/rocklevel radioactive waste, bentonite clay(BC) has interface is intact and thus, the mass transport of material
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from the buffer into the rock is small, the effects of In a nuclear fuel waste disposal vault, simultaneous non-
cracks on the total release flux is negligible, congruent flow of heat, fluid and solutes due to differences

of temperature, hydraulic potential and solute concentration
Ull.4 will occur in the water-saturated clay-sealing material.

The coupled processes have been assessed by a method that
FINAL DISPOSAL OF CEMENTITIOUS WASTE FORMS IN THE uses irreversible thermodynamic processes. The theoretical
SWEDISH REPOSITORY FOR REACTOR WASTE (SFR). Jan S results show that the coupling effects depend on the relal-
Carlsson, Swedish Nuclear Fuel and Waste Management tive magnitude of the gradient of the temperature, solute
Co (SKB), P 0 Box 5864, S-102 48 Stockholm, SWEDEN. concentration and hydraulic potential as well as the permea-

bilities of the sealing materials and of the rock. For the
Canadian disposal concept, the results indicate that mass

Disposal of LLW/ILW from the operation of Nuclear transport in the saturated buffer and backfill should be
Power Plants in Sweden takes place in an under- conrolled mainly by molecular diffusion.
ground repository (SFR) close to the Nuclear Power
Plant in Forsmark. The waste is mainly spent ion UI1.7
exchange resins solidified in cement or bitumen. EFFECTIVE DIFFJSIVITY OF CARBON DIOXIDE AND IODINE DiOUGH
Approximately 90% of the radionuclide inventory "G ThNNEL TUFF". Tevfik Bardakci, Franklin G. King, and Maung
will be allocated to a concrete silo surrounded by Sein, North Carolina AfT State University, Greensboro, NC, 27411.
bentonite, at the time of sealing. This paper focus
on requirements on ion exchange resins immobilized The Topopah Spring Member of the Paintbrush Tuff in Yucca Mountain,
in cement for final disposal in the SFR silo. Nevada is a prime candidate for the site of the first national high

level radioactive waste repository. One of the questions to be an-
swered in characterizing the site is the extent of diffusion of ra-

Apart from general requirements on the design dioactive gases, such as carbon dioxide and iodine, to the access-
(dimensions, weight etc) and management (marking, ible environment. The objectives of this study were to measure the
documentation etc) the requirements could be effect of temperature and water content on the effective diffusivity
divided into groups with respect to: of carbon dioxide and the effect of temperature on the effective

diffusivity of iodine through Topopah Spring Tuff and to characterize
- radiological, chemical and mechanical properties the pore structure of Topopah Spring Tuff. Since Topopah Spring uff

samples were not made available, experiments were conducted with tuff
samples from a nearby location called Rainier Mesa Ash flow from "C"

To ensure a diffusion scenario for transport of tunnel.
radionuclides from the silo the surrounding clay
(bentonite) barrier has to be intact. Information obtained on the diffusion of gases through tuff provides

data to determine whether the Nuclear Regulatory Commnission and En-
Gas production inside the silo, or swelling of vironmental Protection Agency regulations can be met. There is pres-
waste packages, could crack the silo walls. ently no available data for the diffusion of carbon dioxide and

iodine, which are released from the nuclear waste, through tuff.

All requirements on a waste package and how they The effective diffusivity of carbon dioxide and iodine through "C"
are fulfilled are described in a Waste Type Desc- tunnel tuff were determined using a steady-state method (counter
ription. diffusion) and an unsteady-state method respectively. Results show

that the effective diffusivity of carbon dioxide and iodine through
Ul1.5 dry tuff increased with temperature. The effective diffusivity of
MASS TRANSFER IN WATER-SATURATED CONCRETES carbon dioxide decreased as the moisture content of the ""' tunnel

tuff increased. An emprical correlation was obtained to estimate the
Alan Atkinson, Peter A Claisse, Nicola M Everitt, Andrew W Harris, and effective diffusivity of carbon dioxide as a function temperature and
Alan K Nickerson, Materials Development Division, Building 429, the percent saturation. Specific surface area and pore volume of the
Harwell Laboratory, Oxon, OXI I ORA, UK samples were determined using a mercury porosimeter. A scanning

electron microscope was utilized to further characterize the porous
Cements and concretes are often considered as barriers helping to contain structure of the tuff samples.
radionuclides in waste repositories. The performance of cementitious
material as a mainly physical barrier to the escape of dissolved Ull .8
radionuclides depends on the mass transfer characteristics of the chosen
material(s). In particular the diffusion and sorption behaviour of 'C TRANSIORT IN A PARTIALLY SATU.ATED. FtACTUI.ED, POROUS
individual radionuclides and the water permeability are important. These MEDIUM. W. B. Light, P. L. Charnbr6, W. W-L Lee, and T. H. Pigford.
parameters also influence the way in which the chemistry of the concrete Department of Nuclear Enginecring and Lawrence Berkeley Laboratory, University
is imposed on the rest of the repository and, in addition, the transport of of California, Berkeley, CA 94720.
gas through concretes controls the way in which gases escape from the Radioactive gases released from waste placed in the partially saturated rock would
repository. These parameters have been measured for a variety of have a direct pathway to the biosphere. This presents a new problem in assessing
cementitious materials covering different types of structural concrete and the potential health impacts of such releases, and in complying with regulations.
cementitious backfills; all possible repository construction materials.
Diffusion measurements have been made using aqueous iodide, strontium We analyse the transport of 4C in an unsaturated, fractured, porous medium with
and caesium ions and tritiated water as diffusing species. The results gas-phase advection and dispersion. Gases released into a partially saturated, frac-
show that diffusion of tritiated water is much more rapid from that of tured rock move in the fractures, while pore water is held inside the rock matrix.
other species whilst the transport of strontium and caesium is hindered by First we assess the interaction of 4 C in C0 2 with bicarbonate ion in ground water
sorption; particularly in materials containing blast furnace slag. The as a possible retardation mechanism. Then we treat the combined fracture and pore
transport of gas through these materials has been found to be very matrix as an equivalent porous medium with local carbon-distribution equilibrium
sensitive to the degree of water saturation and is extremely low in fully between the gas and liquid phases.
saturated structural concretes. Cementitious backfills have, nevertheless,
been identified that have have appreciable gas transport even when almost Our results indicate that liquid in the rock matrix between fractures will reach
saturated. essentially the sme equilibrium concentration as the liquid at the fracture walls

when the modified Peclet number Lq,/eKoDi is much less than unity, where L is
The consequences of the results for the performance of cementitious half the distance between fractures, q, is the gas Darcy velocity, c is the porosity,
barriers are discussed. KD is the equilibrium distribution coefficient defined as the molar concentration of

liquid-phase carbon divided by the molar concentration of gas-phase carbon, and
Ull .6 D is the liquid-phase diffusion coefficient.

rOUPLED FLOV OF HEAT AND MASS IN BARRIER MATERIALS AND ITS We then solve the equation for the transport of "4 C in an equivalent porous medium.
SIGNIFICANCE, S.C.H. Cheung, Atomic Energy of Canada With the retardation just described the advection velocity v, and dispersion coeffi-
Limited, Whtteshell Nuc ear Research Establishment, Pinawa, cient D obtained for 14C are
Manitoba, Canada ROE ILO.

682



q# D = 
( I - S)D, + SKD D, J. Meyer, Min.-peL Institute, University of Berne, 3012 Berne, Switzrland.C1 - S) + SKD] (1 - S) + SK

where S is the liquid saturation and Dg is the dispersion coefficient for the gas phase. According to the Swiss concept for the disposal of radioactive waste, the material will
The solution is based on space-time-invariant values for e, S, KD, q,, D, and D1. be placed in deep rock formations to ensure that only small amounts, if any. of
Using parameter values from the Yucca Mountain SCP we predict peak 

4 C con- radionuclides released from the waste packages ever reach the surface and so enter the
centrations at the ground surface comparable to the USNRC limit for unrestricted biosphere. It is, however, likely that the rock formation will be fractured and that
areas of 10- pCi/cm

5
-Air. In the paper we present predicted '4C concentrations advection along the fractures will be the dominant mechanism of radionuclide

from point or plane sources, with either an impulse or band-release source term. transport from the repository.

Ull. 9 It has been suggested that, in systems where such advective flow is dominant,radionuclides might gain access to the rock surrounding the fracturs by diffusion in a

THE APPLICATION OF A COUPLED CHEMICAL TRANSPORT MODEL IN A connectdsystemofporesormirofractures-thesocaled'matrixdiffusion'.
TRIAL ASSESSMENT OF DEEP DISPOSAL OF LOW AND INTERMEDIATE
LEVEL RADIOACTIVE WASTE Matrix diffusion is difficult to Study in the laboratory due to the very slow transport
Steve Liew, Vea Economides, Adrian Dawes and David Read. rates invol,. but one approach which can circumvent this and other problems
WS Atkins Engineering Sciences, Woodcote Grove, Ashley involvesthestudyofthenaturaldecayseriesinprofles.perpendiculartowaerbearing
Road, Epsom, Surrey, United Kingdom KT18 5BW. facues. TheprefentialmoblityofUand ldaughtersrelaivetotirpareantscan

enhance their removal from the bulk rock. by diffusion, to the fractures. This transport
The UK Department of the Environment is developing an of natural decay series radionuclides is thus analogous to the difusion of solute fom a
independent capability to evaluate proposals made for the fractureintotherockasconsideredinusfetyanalysismodels.
deep underground disposal of low and intermediate level
radioactive wastes. Coupling of chemical processes with Intdhspaperwepresentadetailedstudyofarockcoreinwhichdireareclearsigns
hydrodynamic transport has been identified as an important of wate-rockc interactions in and around a fracture with an especially stiking
element of the assessment strategy and a suite of models indication of Radium remobilisation across the fracture. The geochemical dam are
has now been developed which fully couple thermodynamic interpreted with the aid of a detailed mineralogical examination of the core in
mass action expressions to advection-diffusion terms. conjunction with data from laboratory sorption experiments. A more realistic

definition of matrix diffusion is presented and the implications of the results with
This paper illustrates the use of the CHEMTARD (Chemical respect to mathematical representations of such mechanisms in safety assessment
Transport Adsorption Redox and Decay) code by reference to modelsarediscussed.
studies on waste disposal and natural analogue sites
within the UK. The role of such methods within the
overall DOE methodology is highlighted through a trial
assessment of deep disposal beneath Harwell, Oxfordshire.

The feasibility of employing a mechanistic approach to
quantifying sorption processes is explored and comparisons
drawn with more simple analytical models based on linear
adsorption isotherms. The implications for risk
assessment practices reliant on the assumption of
.conservative" parameter distributions or worst case
estimates is discussed.

Ull .10

ANALYSIS OF MASS TRANSPORT IN AN ENGINEERED BARRIERS SYSTEM
FOR THE DISPOSAL OF USED NUCLEAR FUEL. Nava C. Garisto and
Dennis M. LeNeveu, Atomic Energy of Canada Limited,
Whiteshell Nuclear Research Establishment, Pinava, Manitoba,
Canada ROE 1LO.

The Vault Model has been developed to assess the performance
of engineered barriers In a conceptual geological disposal
vault for used nuclear fuel. It represents container
failure, release of radionuclides from used fuel and mass
transport of released radionuclides through the clay-based
sealing materials surrounding the waste containers. This
paper focuses on mass-transport processes represented by the
Vault Model, including diffusion, convection and
retardation.

In particular, we present results of several scoping
calcuiations carried out with the Vault Model. We consider
cases vhere the clay-based barriers are represented by
either a one- or a two-layer system adjacent to an intact
rock and a case where the two clay-based barriers are
adjacent to a highly fractured rock.

These calculations provide insight into the model and
produce test cases for comparison with both relatively
simple analytical estimates and similar computer codes, as
they become available. The analytical estimates generally
support the Vault Model results and thus enhance our
confidence in the accuracy of the Vault Model calculations.

Ull. 11
ATTEMPTED VERIFICATION OF MATRIX DIFFUSION IN GRANITE BY
MEANS OF NATURAL DECAY SERiES DISEQUILIBRIA. W.R. Alexande. Paul
Scherre Institute, 5232 Villgen. Switzerland; I.G. McKinley. NAGRA. 5401 Baden.
Switzerland; A.B. MacKenzie, R.D. Scot. SURRC, Glasgow G75 OQU. Scodand and
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MACROMOLECULAR LIQUIDS 10:45 V1.7
BLOCK COPOLYMER MICELLES IN A SELECTIVE

November 27 - December i, 1989 SOLVENT, Mahn Won Kim, Su-Nin Liu, and T.C.
Chung, Exxon Research and Engineering Com-

SESSION VI: PHASE BEHAVIOR AND pany, Annandale, NJ.
STRUCTURE: POLYMERS
Chair: C. R. Safinya 11:00 *V1.8

Monday Morning, November 27 STRUCTURAL AND DYNAMIC PROPERTIES OF POLY-
Essex Center W MERIC GELS, S.J. Candau, Universite Louis

Pasteur, Laboratoire de Spectrometrie et
8:15 *Y.1 d'Imagerie Ultrasonores, Strasbourg, France.

LINEAR AND STAR POLYMERS IN THE LIQUID
STATE, William W. Graessley, Lewis J. 11:30 VI.9
Fetters, Mireille Adam, and Andrea D. Kiss, SLOW FLUCTUATIONS IN SWOLLEN POLYMER GELS,
Exxon Research and Engineering Company, J.V. Maher and M.W. Di Francesco, University
Corporate Research Laboratories, Annandale, of Pittsburgh, Department of Physics and
NJ. Astronomy.

8:45 VI.2 11:45 VI.10
COOPERATIVE EFFECTS IN STRAINED POLYMERIC CHARACTERIZATION OF CURING PROCESSES IN
NETWORKS, Bertrand Deloche and Paul Sotta, POLYMERIC SYSTEMS, AT VARIOUS STOICHIOMETRIC
Universite de Paris Sud, Laboratoire de RATIOS, USING ULTRASONIC WAVES, A. Shefer,
Physique du Solide (CNRS-LA2), Orsay, Ben-Gurion University, Chemical Engineering
"rance; and Jean Herz, Institut Charles Department, Beer-Sheva, Israel; G.
Sadron, Strasbourg, France. Gorodetsky, Ben-Gurion University, Physics

Department, Beer-Sheva, Israel; and M.
9:00 *VI.3 Gottlieb, Ben-Gurion University, Chemical

PHASE BEHAVIOR AND STRUCTURE OF WEAKLY Engineering Department, Beer-Sheva, Israel.
CHARGED COPOLYMERS, Jean-Frangois Joanny,
Institut Charles Sadron, Strasbourg, France; SESSION V2: PHASE BEHAVIOR AND
and Ludwik Leibler, E.S.P.C.I., Paris, STRUCTURE: SURFACTANT SYSTEMS
France. Chair: S. A. Safran

Monday Afternoon, November 27
9:30 Vl.4 Essex Center (W)

CURVATURE ELASTICITY AND STRUCTURES OF
SURFACTANTS AND BLOCK CO-POLYMERS, Zhen-Gang 2:30 *V2.1
Wang and S.A. Safran, Exxon Research and EXPERIMENTAL DATA AND THEORETICAL INTER-
Engineering, Annandale, NJ. PRETATION OF PHASE SEPARATION IN PROTEIN

WATER SOLUTIONS WITH APPLICATION TO CATARACT
9:45 VI.5 DISEASE, G.B. Benedek, D. Blankschtein, M.
BLOCK COPOLYMER AGGREGATES IN A SYSTEM OF Kondo, P. Schurtenberger, J.A. Thomson, G.M.
TWO IMMISCIBLE SOLVENTS, N. Brandon and M. Thurston, and M.C. Wiener, Massachusetts
Tirreli, University of Minnesota, Department Institute of .echnology, Department of
of Chemical Engineering and Materials Sci- Physics and Center for Materials Science and
ence, Minneapolis, MN; A. Halperin, Hebrew Engineering, Cambridge, MA.
University, The Fritz Haber Research Center
for Molecular Dynhamics, Jerusalem, Israel. 2:00 *V2.2

NOVEL LIQUID CRYSTALLINE PHASES OF TOBACCO
10:00 BREAK MASAIC VIRUS, R.B. Meyer, Brandeis Univer-

sity, Department of Physics, Waltham, MA.
10:30 V1.6
STRUCTURE OF ZWITTERIONIC ASSOCIATING POLY- 2:30 V2..
MERS, Y. Shen, C.R. Safinya, M. Adam, K.S. DIFFUSE X-RAY SCATTERING STUDIES OF LYO-
Liang, L. Fettqrs, J. Stokes, and R. Chance, TROPIC TUBULAR PHASES, E.B. Sirota, E.Y.
Exxon Research and Engineering Company, Sheu, C.R. Safinya, and K.S. Liang, Exxon
Corporate Research, Annandale, NJ. Research and Engineering Company, Corporate

Research, Annandale, NJ.

*Invited Paper 2:45 *V2.4

SURFACTANTS IN SOLUTION: EXPERIMENTAL EX-
Short Course C-09, "Fractals: Concepts and AMPLES OF FLUCTUATING MEMBRANES, Didier
Applications in Materials Science and En- Roux, Centre de Recherche Paul Pascal,
gineering," may be of interest to symposium Domaine Universitaire, Talence, France.
attendees. Details regarding course dates
and instructors are provided in the short 3:15 BREAK
course section of this program.
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3:45 *V2.5 9:45 *V3.5
ELECTRON MICROSCOPY OF COMPLEX FLUIDS, LANDAU THEORY OF THE NEMATIC TO SMECTIC-A
Yeshayahu Talmon, Technion-Israel of Tech- TRANSITION UNDER SHEAR FLOW, R. Bruinsma,
nology, Department of Chemical Engineering, University of California, Los Angeles,
Haifa, Israel. Physics Department, Los Angeles, CA.

4:15 V2.6 10:15 BREAK
SYNCHROTRON X-RAY SCATTERING STUDIES OF THE
LYOTROPIC L3 PHASE, N. Lei, C.R. Safinya, 10:45 V3.6
K.S. Liang, E.B. Sirota, and R. Plano, Exxon NONEQUILIBRIUM X-RAY DIFFRACTION STUDY OF
Research and Engineering Company, Corporate THE NEMATIC-SMECTIC-A TRANSITION UNDER SHEAR
Research, Annandale, NJ. FLOW, C.R. Safinva, E.B. Sirota, R. Plano,

and N. Lei, Exxon Research and Engineering
4:30 V2.7 Company, Corporate Research, Annandale, NJ.

BICONTINUOUS STRUCTURE OF THE "ANOMALOUS
ISOTROPIC PHASES L3

1' AND MICELLAR-L 3 PHASE 11:00 V3.7
TRANSITIONS, A.M. Belloca, D. Gazeau, and D. KINETICS OF THE LATE STAGE GROWTH IN THE
Roux, C.N.R.S., Centre de Recherche Paul PHASE SEPARATION OF A CRITICAL BINARY MIX-
Pascal, Pessac, France; and E. Freysz, TURE, Serge Lacelle and Franco Cau, Univer-
Universit6 de Bordeaux I, Centre de Physique site de Sherbrooke, Quebec, Canada.
Moleculaire optique et Hertzienne, Talence,
France. 11:15 *V3.8

SELF-DIFFUSION AND RHEOLOGY OF WEAKLY IN-
4:45 V2.8 HOMOGENEOUS BLOCK COPOLYMERS, Scott T.

FLEXIBILITY AND INTERACTION MEASUREMENTS IN Milner and Glenn H. Fredrickson, AT&T Bell
DILUTE LAMELLAR PHASES BY DYNAMIC LIGHT Laboratories, Murray Hill, NJ; Frank S.
SCATTERING, F. Nllet and D. Roux, Domaine Bates and Jeffrey H. Rosedale, University of
Universitaire, Centre de Recherche Paul Minnesota, Department of Chemical Engineer-
Pascal, Talence, France; and J. Prost, Ecole ing and Materials Science, Minneapolis, MN.
Superieure de Physique et de Chimie Indus-
trielles, Paris, France. 11:45 V3.9

SCALING ANALYSIS OF SHEAR THINiNG IN POLY-
SESSION V3: NON-NEWTONIAN FLOW MER SOLUTIONS, Y. Rabin, Weizmann Institute

Chair: W. Graessley of Science, Chemical Physics Department,
Tuesday Morning, November 28 Rehovot, Israel; and H.C. Ottinger, ETH-

Essex Center (W) Zentrum, Institut fur Polymere, Zurich,
Switzerland.

8:15 *V3.1
NONLINEAR FLOW BEHAVIOR OF HIGH MOLECULAR SESSION V4: COLLOIDS
WEIGHT POLYMERS, Dale S. Pearson, University Chair: N. A. Clark
of California, Santa Barbara, Department of Tuesday Afternoon, November 28
Chemical and Nuclear Engineering and Materi- Essex Center (W)
als Department, Santa Barbara, CA.

1:30 *V4.1
8:45 V3.2 EFFECT OF THE STABILIZING COATING AND THE

RHEOLOGICAL AND KINETIC PROPERTIES OF SEMI- PRESENCE OF FREE POLYMER ON THE CRYSTALLIZA-
DILUTE SOLUTIONS OF ELONGATED MICELLES, S.J. TION PHENOMENA OF COLLOIDAL SUSPENSIONS, C.
Candau, G. Waton, and F. Merikhi, Universito Smits, J.K.G. Dhont, and H. N. W.
Louis Pasteur, Laboratoire de Spectrometrie Lekkerkerker, University of Utrecht, Van't
and d'Imagerie Ultrasonores, Strasbourg, Hoff Laboratory, Padualaan, The Netherlands.
France; and R. Zana, Institut Charles
Sadron, Strasbourg, France. 2:00 V4.2

CHARGE AND SIZE POLYDISPERSITY EFFECTS ON
9:00 V3.3 THE SCATTERING PROPERTIES AND THE HIGH

LIGHT SCATTERING EVIDENCE FOR "WORM-LIKE" FREQUENCY ELASTICITY OF COLLOIDS, B.
MIXED DETERGENT-DIACYLPHOSPHATIDYLCHOLINE D'Aguanno, Rudolf Klein, and N. Wagner,
(PC) MICELLES, R. Chamberlin, G. Thurston, Universitat Konstanz, Fakultat fur Physik,
and G. Benedek, Massachusetts Institute of Konstanz, West Germany.
Technology, Cambridge, MA; D. Cohen and M.
Carey, Harvard Medical School, Boston, MA. 2:15 *V4.3

DYNAMICS OF CONCENTRATED COLLOIDS, D.A.
9:15 *V3.4 Weitz, Exxon Research and Engineering Com-
SHEAR FLOW AND ISOTROPIC-LAMELLAR TRANSI- pany, Annandale, NJ.
TIONS, SI ilner, AT&T Bell Laboratories,
Murray Hill, NJ.
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2:45 V4.4 8:45 *V5.2
NON-DIFFUSIVE BROWNIAN MOTION STUDIED BY MICROEMULSION PERFORMANCE FLUIDS, Jan Bock,
DIFFUSING WAVE SPECTROSCOPY, D.J. Pine, Exxon Research and Engineering Company,
Haverford College, Department of Physics, Corporate Research, Annandale, NJ.
Haverford, PA; D.A. Weitz, Exxon Research
and Engineering Company, Annandale, NJ; P.N. 9:15 *V5.3
Pusey and R.J.A. Tough, Royal Signals and APPLICATIONS OF FERROELECTRIC LIQUID CRYSTAL
Radar Establishment, Worchestershire, United (FLC) ELECTRO-OPTIC DEVICES, Noel A. Clark,
Kingdom. University of Colorado, Department of Phys-

ics and Center for Optoelectronic Computing
3:00 V4.5 Systems, Boulder, CO.

DIELECTRIC RELAXATION IN CONCENTRATED SOLU-
TIONS OF INVERTED MICELLES, J. Sowa, a. 9:45 *V5.4
Bhattacharva, M.J. Higgins, and J.S. Huang, MICROSCOPIC PROCESSES IN MICROEMULSION
Exxon Research and Engineering Company, POLYMERIZATIONS, Francoise Candau, CNRS-ULP,
Annandale, NJ. ICS, Strasbourg, France.

3:15 BREAK 10:15 BREAK

3:45 *V46 10:45 *V5.5
FORMULATION AND PROCESSING OF COLLOIDAL THE BEHAVIOR OF ELECTRIC FIELD DEPENDENTDISPERSIONS, William B. Russel, Princeton FLUIDS UNDER DYNAMIC STRESSES, Frank E.

University, Department of Chemical Engineer- Filisko, The University of Michigan, Materi-
ing, Princeton, NJ. als Science and Engineering, Ann Arbor, MI.

4:15 V4.7 11:15 V5.6
SEDIMENTATION STUDIES IN NEARLY HARD- DEPENDENCE OF THE LOCATION OF DIACETYLENIC
SPHERE SUSPENSIONS, Steven E. Paulin and GROUP ON THE SIZE OF THE VESICLES FROM 1,2
Bruce J. Ackerson, Oklahoma State Univer- DIACYL PHOSPHOCHOLINES, Alok Singh, Naval
sity, Department of Physics, Stillwater, OK. Research Laboratory, Bio/Molecular Engineer-

ing Branch, Washington, DC; S. Marchywka,
4:30 V4.8 Geo-Centers Inc., Ft. Washington, MD; and R.

NUCLEATION OF COLLOIDAL CRYSTALS, D.J.W. $hashidhar, Naval Research Laboratory,
Aastuen, C. Swindal, J. Pieper, and N.A. Bio/Molecular Engineering Branch, Washington
Clark, University of Colorado, Department of DC; and Geo-Centers Inc., Ft. Washington,
Physics, Boulder, CO. MD.

4:45 *V4.9 11:30 V5.7
FLOW PROPERTIES OF CONCENTRATED COLLOIDAL FORMATION OF METAL COLLOIDS IN INVERSE
SUSPENSIONS, J.W. Goodwin and R.W. Hughes, MICELLES AND MICROEMULSIONS, J.P. Wilcoxon
University of Bristol, Department of Physi- and R. Williamson, Sandia National Labora-
cal Chemistry, Bristol, United Kingdom. tories, Albuquerque, NM.

5:15 V4.10 11:45 V5.8
CRYSTALS UNDER SHEAR AND THE MELTING TRANSI- STRUCTURE AND PROPERTIES OF RESORCINOL-
TION, Mark J. Stevens, The Johns Hopkins FORMALDEHYDE GELS, Stephan A. Letts, S.
University, Department of Physics and Astro- Buckley and F.M. Kong, University of Cali-
nomy, Baltimore, MD; James F. Belak, The fornia, Lawrence Livermore National Labora-
Johns Hopkins University, Department of tory, Livermore, CA.
Physics and Astronomy, Baltimore, MD, and
Lawrence Livermore National Laboratories, SESSION V6: INTERFACIAL BEHAVIOR:
Livermore, CA; and Mark 0. Robbins, The SOLID/LIOUID. LIOUID/LIOUID
Johns Hopkins University, Department of Chair: P. S. Pershan
Physics ard Astronomy, Baltimore, MD. Wednesday Afternoon, November 29

Essex Center (W)

SESSION V5: APPLICATONS OF COMPLEX FLUIDS

Chair: R. B. Meyer 1:30 *V6.1
Wednesday Morning, November 29 STUDY OF POLYMER ADSORPTION PHENOMENA ON A

Essex Center (W) SOLID SUBSTRATE, Mahn Won Kim, Exxon Re-
search and Engineering Company, Annandale,

8:15 *V5.1 NJ.
RHEOLOGY OF PHASE SEPARATED BLOCK COPOLYMER
MELTS, H. Henning Winter, University of
Massachusetts, Department of Chemical
Engineering, Amherst, MA.
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2:00 *V6.2 SESSION V7: EXOTIC SYSTEMS: I
MODULATED PHASES AND CHIRAL DISCRIMINATION Chair: D. R. Nelson
IN AMPHIPHILIC MONOLAYERS AT THE WATER/AIR Thursday Morning, November 30
INTERFACE, David Andelman, School of Physics Essex Center (W)
and Astronomy, Tel-Aviv University, School
of Physics and Astronomy, Tel-Aviv, Israel. 8:00 *V7.1

TWO-COMPONENT GRAFTED POLYMER LAYERS, T.A.
2:30 *V6.3 Witten, University of Chicago, Chicago, IL;

WETTING ON HETEROGENEOUS SOLID SURFACES, S. and S.T. Milner, Exxon Corporate Research,
Garoff, Carnegie Mellon University, Depart- Annandale, NJ.
ment of Physics, Pittsburgh, PA.

8:30 *V7.2
3:00 BREAK LONG-RANGE INTERACTIONS AND RIGIDITY OF

POL'.:ERS AND SURFACES, Mehran Kardar, Mas-
3:30 V6.4 sachusetts Institute of Technology, Physics

STATISTICAL THERMODYNAMICS OF PHASE TRANSI- Department, Cambridge, MA.
TIONS IN SURFACTANT MONOLAYER FILMS, R.S.
Cantor, Dartmouth College, Department of 9:00 *V7.3
Chemistry, Hanover, NH. STATISTICAL BEHAVIOR OF ELASTIC MEMBRANES,

S. Leib , C.E.N.-Saclay, Service De Phys.
3:45 V6,5 Theorique, Gif-Sur-Yvette, France.

X-RAY REFLECTIVITY OF A POLYMER MONOLAYER AT
THE WATER/VAPOR INTERFACE, M.L. Schlossman, 9:30 BREAK
D.K. Schwartz, E. Kawamoto, G. Kellogg, P.S.
Pershan, Harvard University, Department of 9:45 V7.4
Physics and Division of Applied Sciences, DEHYDRATION OF PROTEIN POLYMERS IN CON-
Cambridge, MA; M.W. Kim and T.C. Chung, CENTRATED NEMATIC SOLUTIONS, Judith Herzfeld
Exxon Corporation Research Laboratory, and Reinhard Hentschke, Brandeis University,
Annandale, NJ. Department of Chemistry, Waltham, MA.

4:00 V6.6 10:00 V7.5
SURFACE ADSORPTION STUDIES BY OPTICAL SHG, APPLICATIONS OF SCALING THEORIES FOR POLYMER
viola Vogel, C. Mullin, and Y.R. Shen, ADSORPTION TO PROTEIN PARTITIONING IN TWO-
University of California, Berkeley, Depart- PHASE AQUEOUS POLYMER SYSTEMS, Nicholas L.
ment of Physics, Berkeley, CA; and Mahn Won Abbott, Daniel Blankschtein, and T. Alan
Kim, Exxon Research and Engineering Company, Hatton, Massachusetts Institute of Technol-
Annandale, NJ. ogy, Department of Chemical Engineering,

Cambridge, MA.
4:15 V
X-RAY REFLECTIVITY STUDIES OF SOLID/LIQUID 10:15 V7.6
CRYSTAL INTERFACES, B.M. 0cko, Brookhaven PHASE BEHAVIOR OF NONIONIC AMPHIPHILE AND
National Laboratory, Physics Department, NONIONIC POLYMER IN AQUEOUS SOLUTION, Klaus
Upton, NY. R. Wormuth, Exxon Research and Engineering

Company, Annandale, NJ.
4:30 V6.8

X-RAY REFLECTIVITY STUDIES OF POLYELECTRO- 10:30 V7.7
LYTE ADSORPTION AT THE SOLUTION-VAPOR INTER- LAYERED LIQUID CRYSTALS AND SUPERCONDUCTORS:
FACE, M.L. Schlossman, E.H. Kawamoto, D.K. THE COMPLETE STORY, G. Srajer, R. Pindak,
Schwartz, and P.S. Pershan, Harvard Univer- J.W. Goodby and M.A. Waugh, AT&T Bell Labor-
sity, Department of Physics and Division of atories, Murray Hill, NJ; J.S. Patel, Bell
Applied Sciences, Cambridge, MA; M.W. Kim Communications Research, Redbank, NJ.
and D. Peiffer, Exxon Corporate Research
Laboratory, Annandale, NJ. 10:45 V7.8

THERMAL PROPERTY EVOLUTION TOWARD EFFECTIVE-
4:45 V6.9 LY TWO-DIMENSIONAL SUBSTRATE-FREE SYSTEMS,

NRA STUDIES ON THE INTERFACE FORMATION IN R. Geer and C.C. Huang, University of Min-
POLYMER MIXTURES BELOW THE CRITICAL POINT, nesota, Department of Physics, Minneapolis,
Ullrich Steiner, Jacob Klein and Omer Zak, MN; R. Pindak and J.W. Goodby, AT&T Bell
Weizmann Institute of Science, Department of Laboratory, Murray Hill, NJ.
Polymer Research, Rehovot, Israel; Kumar
Chaturvedi, FBLJA World Laboratory Project, 11:00 V7.9
Geneva, Switzerland; Georg Krausch and DYNAMIC RIGIDITY PERCOLATION IN INVERTED
Gunther Schatz, University of Konstanz, MICELLES, LYe, D.A. Weitz, Ping Sheng, S.
Department of Physics, Konstanz, West Ger- Bhattacharya, J.S. Huang, and M.J. Higgins,
many. Exxon Research and Engineering Company,

Annandale, NJ.
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11:15 V7.2O 2:45 V8.6
PHASE SEPARATION IN A LIPID/WATER/UREA MICELLIZATION OF TRIBLOCK COPOLYMERS WITH
MICELLAR SYSTEM, Bruce L. Carvalho, Massa- POORLY SOLVATED END BLOCKS, N.P. Balsara and
chusetts Institute of Technology, Department M. Tirrell, University of Minnesota, Depart-
of Materials Science and Engineering, Cam- ment of Chemical Engineering and Materials
bridge, MA; Sow-Hsin Chen, Massachusetts Science, Minneapolis, MN; T.P. Lodge, Uni-
Institute of Technology, Department of versity of Minnesota, Department of Chemis-
Nuclear Engineering, Cambridge, MA; and John try, Minneapolis, MN.
S. Huang, Exxon Research and Engineering
Company, Annandale, NJ. 3:00 V8.7

X-RAY REFLECTION AND SCATTERING STUDIES OF
11:30 V7.11 THE WATER-VAPOR INTERFACE, D.K. Schwartz,
THE STRUCTURE OF THE BORDER LAYER BETWEEN M.L. Schlossman, E. Kawamoto, G. Kellogg and
GEL AND WATER, Zenon Bochvnski, Adam P.S. Pershan, Harvard University, Department
Mickiewicz University, Institute of Physics, of Physics and Division of Applied Sciences,
Non-Crystalline Materials Division, Grun- Cambridge, MA; and B.M. Ocko, Brookhaven
waldzka, Poland. National Laboratory, Department of Physics,

Upton, NY.
SESSION V8: COMPLEX FLUIDS

Chair: Phil Pincus 3:15 BREAK
Thursday Afternoon, November 30

Essex Center (W) 3:45 Y8.
X-RAY STUDIES OF CYTOCHROME C MONOLAYERS

1:30 VS.1 BOUND TO LANGMUIR-BLODGETT FILMS AND SELF-
INTERACTION BETWEEN GRAFTED POLYMERIC ASSEMBLED MONOLAYERS, J.M. Pachence, S.
BRUSHES, Gary S. Grest and Michael Murat, Amador, and J.K. Blasie, University of
Exxon Research and Engineering Company, Pennsylvania, Chemistry Department, Phila-
Annandale, NJ. delphia, PA.

1:45 V8.2 4:00 V8.9
EFFECT OF MOLECULAR WEIGHT ON THE HIGH DOMAIN SHAPE INSTABILITIES IN A TWO-DIMEN-
FREQUENCY BULK MODULUS, OF WELL CHARACTER- SIONAL BINARY FLUID MIXTURE: EPIFLUORES-
IZED POLY(DIMETHYLSILOXANE) POLYMERS, A. CENCE MICROSCOPY AND DIGITAL IMAGE ANALYSIS,
Shefer, Ben-Gurion University, Chemical M. Seul and M.J. Sammon, AT&T Bell Labora-
Engineering Department, Beer-Sheva, Israel; tories, Murray Hill, NJ.
J.R. Emery and D. Durand, Universite du
Maine, Le Mans, France; M. Gottlieb, Ben- 4:15 V8.I
Gurion University, Chemical Engineering X-RAY REFLECTIVITY OF A LONG CHAIN FATTY
Department, Beer-Sheva, Israel; and G. ACID MONOLAYER AT THE WATER/VAPOR INTERFACE,
Gorodetsky, Ben-Gurion University, Physics M.L. Schlossman, D.K. Schwartz, E. Kawamoto,
Department, Beer-Sheva, Israel. G. Kellogg and P.S. Pershan, Harvard Univer-

sity, Department of Physics and Division of
2:00 V8.3 Applied Sciences, Cambridge, MA.

SURFACE MODES ON CONCENTRATED POLYMER SOLU-
TIONS AND GELS, James L. Harden, Philip A. 4:30 V8.11
Pincus, University of California, Santa STUDY OF FATTY ACID MONOLAYERS DEPENDENCE ON
Barbara, College of Engineering, Materials CATIONIC INTERACTIONS BY ELLIPSOMETRY, Mahn
Department, Santa Barbara, CA; and Harald Won Ki , Exxon Research and Engineering
Pleiner, Universitat Essen, FB Physik, Company, Annandale, NJ; Bryan B. Sauer, Hyuk
Essen, West Germany. Yu, Mehran Yazdanian, and George Zografi,

University of Wisconsin, Department of
2:15 V8.4 Chemistry and School of Pharmacy, Madison,

MECHANICAL PROPERTIES OF CROSSLINKED SEMI- WI.
DILUTE POLYMER SOLUTIONS NEAR AND FAR FROM
THE GELATION THRESHOLD, C. Allain, Campus 4:45 V8.12
Universitaire, Lab. FAST, Orsay, France; L. ELECTROHYDRODYNAMIC FLOW DYNAMICS IN THICK
Limat, ESPCI, Lab. Physico-chimie Theorique, LIQUID CRYSTAL CELLS, David H. Van Winkle
Paris, France; and L. Salom6, CRPP, Pessac, and Jit Gurung, Florida State University,
France. Tallahassee, FL; and Rand Biggers, Naval

Coastal Systems Center, Panama City, FL.
2:30 V8.

"AGGREGATION IN BLOCK COPOLYMER SOLUTIONS,"
M. Olvera de la Cruz, Northwestern Univer-
sity, Department of Materials Science and
Engineering, Evanston, IL.
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5:00 V8.13 V9.7 THE EFFECT OF PRESSURE ON THE
RADIAL CREEPING FLOW BETWEEN PARALLEL DISKS CRITICAL TEMPERATURE OF FOUR-COMPONENT
OF ROD-LIKE NEMATIC LIQUID CRYSTALS: TEX- MICROEMULSIONS, J. Goyette and T.K. Bose,
TURES AND INSTABILITIES, Alejandro D. Rev, Universite du Quebec a Trois-Rivieres,
McGill University, Department of Chemical Trois-Rivieres, Canada; J. Thoen, Katholieke
Engineering, Quebec, Canada. Universiteit, Leuven, Belgium; J.R. Lalanne,

Centre de Recherche Paul Pascal, Talence,
SESSION V9: POSTER SESSION France.

Chair: E. B. Sirota
Thursday Evening, November 30 V9. THE MECHANICAL PROPERTIES OF THIXO-

7:00 p.m. - 10:00 p.m. TROPIC GELS AND THEIR EFFECT ON ATTENUATION
America Ballroom (W) IN OPTICAL FIBER COMMUNICATION CABLES, C.R.

Taylor and B.J. Overton, AT&T Bell Labora-
V9.1 DYNAMICS OF MIXTURES OF INTERACTING tories, Norcross, GA.
COLLOIDS USING DIFFUSING WAVE SPECTROSCOPY,
Xa Oiu, University of Pennsylvania, Phila- V9.9 ELECTOSTATIC AND SCREENING EFFECTS
delphia, PA; and Exxon Research and ON THE DYNAMIC ASPECTS OF POLYELECTROLYTE
Engineering Company, Annandale, NJ; H.D. Ou- SOLUTIONS: "POLY(P-PHENYLENE VINLENE) PRE-
Yang, Lehigh University, Bethlehem, PA; D.A. CURSOR IN METHANOL," H. Mattoussi, K.H.
Weitz, Exxon Research and Engineering Com- Langley, and F.E. Karasz, University of
pany, Annandale, NJ; D.J. Pine, Haverford Massachusetts, Polymer Science Department,
College, Haverford, PA; and P.M. Chaikin, Amherst, MA.
Exxon Research and Engineering Company,
Annandale, NJ and Princeton University, V9.10 ATOMIC STRUCTURE OF ALLOY-PARTICLES
Princeton, NJ. OBTAINED AS COLLOIDAL SUSPENSIONS, Gabriela

Diaz Guerrero, Roberto Hern~ndez, Laura
V9.2 GRAVITY EFFECT ON WEAKLY CONCENTRA- Cabrera and Miguel Jose Yacam~n, UNAM,
TED GEL PHASES, C. Allain, Campus Univer- Instituto de Fisica, Mexico, Mexico.
sitaire, Lab. FAST, Orsay, France; and C.
Amiel, Lab. Physico-chimie des Biopolymbres, V9.11 MICROSCOPIC STRUCTURE AND DYNAMICS
Thiais, France. OF CONFINED POLYMER MELTS, Ioannis Bitsanis,

University of Florida, Gainesville, FL; and
V9.3 A COMPUTER MODEL FOR THE AVERAGE George Hadziioannou, IBM Almaden Research
"CLUSTER" SIZE IN POLYMER AGGREGATES, A.C. Center, San Jose, CA.
Balazs, J.Y. Hu, S. Lewandowski and A.P.
Lentvorski, University of Pittsburgh, Mater- V9.12 MOLECULAR DYNAMICS STUDY OF PHASE
ials Science and Engineering Department, STRUCTURE IN BINARY MIXED COLLOIDS, Raymond
Pittsburgh, PA; C. Lantman, Mobay Corpora- p. Mountain, National Institute of Standards
tion, Pittsburgh, PA. and Technology, Gaithersburg, MD; and D.

Thirumalai, University of Maryland, IPST,
V9.4 PGSE-NMR & SANS FROM TPB BASED College Park, MD.
MICROEMULSIONS, Paul M. Lindemuth, Univer-
sity of Missouri-Rolla, Department of Chemi- V913 WEIGHTED-DENSITY THEORY OF PHASE
stry, Rolla, MO; Boualem Hammouda, Univer- TRANSITIONS IN FLUIDS COMPOSED OF ANISOTRO-
sity of Missouri-Columbia, Research Reactor PIC PARTICLES, John F. Marko, The University
Facility, Columbia, MO; Joseph R. Duke, of Chicago, The James Franck Institute,
Frank D. Blum, and Raymond L. Venable, Chicago, IL; and W.A. Curtin, BP Research
University of Missouri-Rolla, Department of and Development, Cleveland, OH.
Chemistry, Rolla, MO.

SESSION V10: EXOTIC SYSTEMS: II
V9.5 SOL-GEL SILICATE FORMATION - pH AND Chair: J. D. Litster
TEMPERATURE DEPENDENCE, Anselmo M. Elias, Friday Morning, December 1
Maria E. Elias and Maria M. Nunes, Lisbon Essex Center (W)
University, Chemistry Department, Lisboa,
Portugal. 8:00 *VI0.1

WHAT CAN WE LEARN FROM COMPUTER SIMULATIONS
V9.6 SIMPLE THEORY FOR PERSISTENT-FLEXI- OF MACROMOLECULAR LIQUIDS? Gary S. Grest,
BLE LIQUID CRYSTAL POLYMERS BEYOND THE Exxon Research and Engineering Company,
SECOND VIRIAL APPROXIMATION, Reinhard Annandale, NJ.
Hentschke, Brandeis University, Department
of Chemistry, Waltham, MA. 8:30 *VI0.2

LYOTROPIC LIQUID CRYSTALS, P.S. Pershan,
Harvard University, Department of Physics
and Applied Sciences, Cambridge, MA.
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9:00 *V10.3
SIMULATIONS OF CONTACT LINE MOTION: SLIP AND
THE DYNAMIC CONTACT ANGLE, Mark Robbins and
Peter Thompson, The Johns Hopkins Univer-
sity, Department of Physics and Astronomy,
Baltimore, MD.

9:30 BREAK

10:00 V1O.4
QUASIPARTICLE MEDIATED MELTING IN TWO DIMEN-
SIONS, M.A. Glaser and N.A. Clark, Univer-
sity of Colorado, Department of Physics,
Boulder, CO.

10:15 V
INTERACTIONS BETWEEN CHARGED MACROIONS IN
SOLUTION, M.J. Stevens and M.O. Robbins, The
Johns Hopkins University, Department of
Physics and Astronomy, Baltimore, MD.

10:30 V1O.6
THE EFFECT OF HYDROSTATIC PRESSURE ON LI-
QUID-LIQUID PHASE SEPARATION IN MICELLAR
SOLUTIONS OF C8-LECITHIN AND WATER, K.
Helmerson, P. Schurtenberger, G.M. Thurston,
T. Kushida, S. Angehrn, and G.B. Benedek,
Massachusetts Institute of Technology,
Department of Physics and Center for Materi-
als Science and Engineering, Cambridge, MA.

10:45 V10.7
MOLECULAR-THERMODYNAMIC FRAMEWORK TO PREDICT
MICELLIZATION, PHASE BEHAVIOR AND PHASE
EQUILIBRIA OF MICELLAR SOLUTIONS, D.
Blankschtein and S. Puvvada, Massachusetts
Institute of Technology, Department of
Chemical Engineering, Cambridge, MA.

11:00 V10.8
A MODEL FOR ORIENTATIONAL AND TRANSLATIONAL
ORDERING IN MICELLAR AND OTHER REVERSIBLY
ASSEMBLING SYSTEMS, Mark P. Taylor and
Judith Herzfeld, Brandeis University, De-
partments of Chemistry and Physics, Waltham,
MA.

11:15 V10.9
REEXAMINATION OF OSMOTIC PRESSURE MEASURE-
MENTS IN SELF-ASSEMBLING SYSTEMS, S. Puvvada
and D. Blankschtein, Massachusetts Institute
of Technology, Department of Chemical En-
gineering, Cambridge, MA.

11:30 V1O.10
DIELECTRIC SPECTROSCOPY OF COMPLEX LIQUIDS
AND SOLUTIONS FROM KHZ TO 20 GHZ, Y
Wei and S. Sridhar, Northeastern University,
Department of Physics, Boston, MA.
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V1.1 We also discuss phase separation in solutions containing

LINEAR AND STAR POLYMERS IN THE LIQUID STATE. William W. both weakly charged and neutral polymers. We show that
Graessley. Lewis J. Fetters, Mireille Adam and Andrea D. the presence of electric charges dramatically affects
Kiss, Corporate Research Laboratories, Exxon Research & phase diagrams. The results may be of some importance
Engineering Company, Annandale, NJ 08Ol. for understanding certain biological systems containing

weakly charged proteins.
The properties of polymeric liquids vary widely with
molecular size (typically 10-100 nm for long flexible
chains), molecular architecture (linear or star, for the CURVATURE ELASTICITY AND STRUCTURES OF SURFACTANTS

case here) and the polymer concentration (dilute solutions AND BLOCK CO-POLYMERS. Zhen-Gang Wang and S. A.

to the melt state). Architecture affects dilute solution Safran, Exxon Research and Engg., Rt. 22 E., Clin-

behavior primarily through the internal segment density, ton Twshp., Ananndale, NJ 08801

which is small (ca. 1%) for linear chains but increases
progressively with f, the number of arms in polymeric stars The curvature elastic free energy is a useful
(f > 3). Thus, static and dynamic measures of size move starting point for the understanding of the sturc-

toward a "fuzzy sphere" relationship with one another as f ture and phase transitions of membranes, microe-

increases, inernal dynamics are suppressed, and there is mulsions, and vesicles. Microscopic models of the

some evidence for liquid-like ordering near the overlap elastic constants and the spontaneous curvature

concentration. Some properties, e.g., the osmotic pressure, can lead to interrelationships bewteen these quan-
become independent of architecture at higher concentrations, tities. Spring-like models are discussed for the

but chain entanglement increasingly dominates the global case of short-chain surfactants, while a

dynamics and affects the relaxation of linear chains and description of grafted polymers is used to study
stars in quite different ways. The much slower dynamics of the case of block-copolymer membranes. Particular
stars are governed by arm length; the number of arms is now attention is focused on the origin of the saddle-

relatively unimportant. Theoretical aspects and some splay elastic constant, which can stabilize

analogies with microgels and end-associated polymers will be ordered, bicontinuous structures of constant mean

discussed briefly, curvature. The phase diagram showing the competi-
tion of these structures with lamellar, cylindri-

VI.2 cal, and spherical phases is presented and

COOPERATIVE EFFECTS IN STRAINED POLYMERIC NETWORKS. discussed in light of recent experiments.

Bertrand Deloche, Paul Sotta, Laboratoire de Physique du V1.5
Solime (CNRS-LA2), Universit de Paris Sud, Orsay 91405,
France; and Jean Herz, Institut Charles Sadron, Strasbourg BLOCK COPOLYMER AGGREGATES IN A SYSTEM OF TWO

67083, France. IMMISCIBLE SOLVENTS. N. Brandon, M. Tirrell. and A. Hajpenn.

Block copolymers in a mixture of two immiscible solvents can form

Tne orientational segmental order in uniaxially strained 'swollen micelles': The polymer acts as a surfactant solubilizing one solvent

rubbers i s studied with the deuterium-NMR. The method in the other. A model is proposed for the dependence of the aggregation

exploits the observation of residual quadrupolar inter- number and the aggregate size (or curvature, on system parameters such as

actions related to the mean degree of segmental order in the molecular weight of the blocks or the solvent/ polymer interaction

tne deformed network. The experimental facts are the parameter. The model utilizes scaling concepts proposed for grafted

following : polymers and micelles in a single solvent, also including the contribution of

:1) An uni axial dynamics of the chain segments along the a second solvent and interfacial tension between the two phases. It is found

direction of the applied force. that the system parameters depend strongly on the inner block molecular

(2) An orientation of diluent probes (solvent molecules or weight and the interfacial tension.

polymer chains).
(3) A concentration effect depending on the nature of the Systems of polystyrene- quaternized polyvinyl pyridine block copolymers

swelling agent (solvent molecules or polymer chains), with varying molecular weights in mixtures of immiscible solvents will be

investigated using dynarmc light scattering.

These observations show that the stress-induced orienta-
tion involve cooperative orientational correlations V1.6
between chain segments (and diluents). This result leads STRUCTURE OF ZWITTERIONIC ASSOCIATING POLYMERS. Y. Shen,
to add an anisotropic contribution to the Flory inter- C. R. Safinya, M. Adam, K. S. Liang, L. Fetters, J.

action parameter. Inclusion of such a correction in a mean Stokes, and R. Chance, Exxon Research and Engineering Co.,
field description of polymer networks enables us to Corporate Research, Route 22 East, Annandale, NJ 08801.

account for our observations and to discuss some aspects
of rubber elasticity (stress-strain relationship, solvent- We have carried out x-ray scattering studies in melts of a
dependent maximum in the dilation modulus), series of linear polyisoprenes with highly polar

Vl.3 sulfo-zwitterion groups at one end. The zwitterion end

groups cause aggregation in good solvents for
PHASE BEHAVIOR AND STRUCTURE OF WEAKLY CHARGED polyisoprene. The aggregation number depends strongly on
COPOLYMERS. Jean-Franois Joanny, Institut Charles the molecular weight of the polyisoprene tails and on the
Sadron, 67083 Strasbourg Cedex, France; and Ludwik polarity of the solvent. Molecular mechanics simulations
Leibler, E.S.P.C.I., 10, Rue Vauquelin, 75231 Paris of the interaction; between the zwitterion head groups
Cedex 05, France. suggest tubelike or disklike structures for the

aggregates. Spherical structures are not energetically

favorable, high resolution synchrotron x-ray scattering
We discuss static properties of weakly charged studies were carried out for six different (chain)
polyelectrolyte solutions which can be vieved as a molecular weights between 2000 and 22,000. For low

special class of copolymers. We show that systems with a molecular weights (between 2000 and 4000) a tubular
hydrophobic backbone may undergo a microphase separation structure is found with the tubes organized on a
transition (MST) into oppositely charged domains. At low well-defined, two-dimensional triangular lattice with very
copolymer concentration micelle formation is expected. large domain sizes >2000A. A structural phase transition
At higher concentrations various mesophases should be to a cubic (bcc) phase with long range order is observed
present. As salt is added to the solution a usual to occur for molecular weights >10,000. The lattice

macroscopic phase separtition (precipitation of polymer spacing increase over the molecular range was between 95A

chains). (for MW-2000) and 206A (for MW-22,000). For the high
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molecular weight melts, annealing transforms the structure Vl.1O
from (bcc) (with long range order) to an (fcc) glass-like CHARACTERIZATION OF CURING PROCESSES IN POLYMERICphase. SYSTEMS, AT VARIOUS STOICHIOMETRIC RATIOS, USING
V1.7 ULTRASONIC WAVES. A. Sh.rer, G. Gorodetsky and,M. Gottlieb, Ben-Gurion University, Beer-Sheva, 84105, Israel
BLOCK COPOLYMER MICELLES IN A SELECTIVE SOLVENT
Mahn Won Kim, Su-Nin Liu, and T. C. Chung Exxon Ultrasonic wave measurements have bccn employed in reccnt years. as aResearch and Engineering Company Rt.22 East non-destructivc, non-interfering technique for the characterization of polymers (1).Annandale, NJ 08801 Continuing our previous work (2) on ultrasonic wave propagation studies in curing

covalent networks, we studied the effect of reacuon stoichiometry on the evolving
molecular stricture and gel point. During the process of network formation the reacting

Block copolymer (A-B) shows the fascinating system undergoes a phase transition, from a viscoelasuc liquid into a vsolastic solid
structures, such as the lamellar, cylindrical and (gel).
spherical shape, in a bulk due to its unique Vinyl terminated linea poly(dimethylsiloxane) molecules were crosslinked by means ofchemical structure which possess the ability to the hydrosilation reaction with a four functional hydridc silanc crosslinkcr. The various
form a stable interface between two incomparable stoiciometric ratios, r, of the reacting systems were created by introducing differnt
mixture of polymers. Not only in a bulk, it is amounts of the crosslinker (r=0.45 to r=2.34) (where the stochiometric ratio wasalso well known that the block copolymers form r-[-Si-HjM-Si-CH=CH 2 ). In order to characterice tmC struciuril changes in tie reactingmicelles in a selective solvent which is very good polymeric systems as a function of their theoretically calculated distance from the gel
solvent for one (A) of the diblock but poor solvent point we measured the relative longitudinal wave velocity using the acousticfor the other segment(B). In this case, B intrferometer, at a frequency of IOMHz with a resolution of 0.001%. Dilmtrici
segments form a dense core and A segments make a measurements provided information on often neglected, changes in the density of theshell to be solubilize in the solvent. systems. The extent of the crosslinking reaction was monitored simultaneously by IR

spectrscopy.In this talk, we present the aggregation It was found that longitudinal wave velocity increases during the course of thesenumber and the hydrodynamic radius of a micel le reactions. The magnitude of this increase is proportional to the crosslink density of theas a function of the number of B monomer by static nrtworkbeeingfoned. Abovethebancedsoichiometricratio(-1.0)noadditional
and dynamic light scattering and compare the increase was observed. both in the relative wave velocity and density changes. Wave
results with the surfactant micelles. velocity results exhibit a step like increase around the sol-gel transition point for all

the stoichiometic ratios studied whereas density increses linearly as the crosslinking
V1.8 reaction proceeds towards gelation. Since both wave velocity and density are observed

to increase as a function of reaction conversioni. it is clear Ima tic measured incresc MSl L'CTt'2 AL AND DYNAMIC PROPERTIES OF POLYMERIC GELS. wave velocity is due to the true change in the value of the longitudinal bulk modulus.S.J. Candau, Laboratoire de Spectrom4trie et d'Imagerie IJlartmann B., in "Methods in Experimental Physics"
Iltrasonores, Universit: Louis Pasteur, 4, rue Blaise R.A. Fava editor, Vol 16, Academic Press, NY. (1980).
Pascal, 67070 Strasbourg Cedex, France. 2.Shefcr A.. Gorodetsky G. and Goulicb M.. Proc, MRS Fall Mecting, p.534 (1988).

Networks composed of crosslinked polymer chains are of V2.1
great interest, not only for their unique physical and EXPERIMENTAL DATA AND THEORETICAL INTERPRETATION
chemical behaviour, but also for their possible OF PHASE SEPARATION IN PROTEIN WATER SOLUTIONS WITHtechnological aprlications. Network structures can be APPCATION TO CATARACT DISEASE G.B. Benedek,
obtained by covalent crosslinking (irreversible gels) or
physical proceses (reversible gels). In this D. Blankschtein, M. Kondo, P. Schurtenberger, J.A. Thomson, G.Mpresentation, the macroscopic equilibrium and dynamic Thurston and M.C. Wiener, Department of Physics and Center for
properties of ge's are discussed in relation with the Materials Science and Engineering, MIT, Cambridge, MA
microscopic structure. Special emphasis is given to the
ionized aqueous gels which are more and more frequently
encountered in industrial practice. We present measurements of both the liquid-liquid coexistence curve l

and the solid-liquid phase boundary for aqueous solutions of the bovine
Vi. 9 lens protein y1-crystallin. We observe that the liquid-liquid phase
SLOW FLUCTUATIONS IN SWOLLEN POLYMER GELS.* J. V. Maher separation is in fact metastable relative to the solid-liquid phaseand M. W. Di Francesco, Department of Physics and boundary. We shall also present a Gibbs free energy model for these
Astronomy, University of Pittsburgh, PA 15260. protein-water solutions in an effort to obtain theoretically all the

We have used light scattering to measure slow fluctuations equilibrium properties including the location and shape of the phasein swollen polyacrylamide gels (7% polymer by weight). boundaries. Application of this data to the problem Of caarsict diseases in
Fluctuations are at the lower limit of detectability by the eye lens will be discussed.
light scattering when pure water is used as a solvent, but
the light scattering signal can be enhanced several orders
of magnitude by either using a binary-liquid solvent or
introducing a low concentration of 0.05 micron polystyrene .1A Thomson, P. Schurtenberger. G.M. Thurston and G.B. Benedek PNAS(USA)
spheres into an otherwisE pure-water solvent. While the 94:7079(1987)
same fluctuations are observed in either case, we have
emphasized measurements with the binary-liquid solvent,
since in this case we can tune the scattering strength by V2.2 ABSTRACT NOT AVAILABLE
changing the temperature in the neighborhood of the
solvent's critical point. The system shows only weak V2.3
fluctuations in the frequency range 0.1 Hz < f < 100 Hz DIFFUSE X-RAY SCATTERING STUDIES OF LYOTROPIC TUBULAR
and exhibits previously-reported solvent-relaxation PHASES. E. B. Sirota, E. Y. Sheu, C. P. Safinya, andbehavior at higher frequencies'. Strong fluctuations are K. S. Liang, Exxon Research and Engineering Co., Corporate
observed in the very low frequency regime 5 x l0- 4 Hz < f Research, Route 22 East, Annandale, NJ 08801.
< 0.1 Hz. While these strong fluctuations generally grow
in amplitude as frequency is reduced, they do not show We have carried out diffuse x-ray scattering studies in
typical 1/f or even power law behavior over most of their the lyotropic tubular phases of the ternary
range. (SOS/water/dodecane) and quaternary (with added

cosurfactant) systems. In the ternary system, at threeSupported by the DOE on grant 0 DE-FG2-84ER45131. water to surfactant ratios (W/S, by weight), weI. K. X. Xia and J. V. Maher, Phys. Rev. W.7, 3626 (1988). investigated the structural transitions along the
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appropriate dodecane dilution lines. The x-ray data a technique to investigate dynamical processes in liquid
exhibit the following distinctive features. First, at systems, e.g., phase transformations, by direct imaging of
W/S-I, 1.5, and 2 with no oil, the systems exhibit pure thermally-fixed specimens.
tubular structure packed on a hexagonal lattice. Second,
for W/S-I, the hexagonal lattice evolves and exhibits a V2.6
structural cransition to an oblique lattice at Vo=0.18
(Vo-oil volume fraction). Third, at W/S=1.5, the SYNCHROTRON X-RAY SCATTERING STUDIES OF THE I YOTROPIC L3
structure changes at Vo-0.12 from hexagonal through an PHASE. N Lei, C. R. Safinya, K. S. Liang, E. B. Sirota,
intermediate phase, in which broad peaks are established, and R. Plano, Exxon Research and Engineering Co.,

to a distorted center rectangular phase. In these phases Corporate Research, Route 22 East, Annandale, NJ 08801.

as a function of increasing intertubular distance, we We have carried out a high resolution small angle
analyze the thermal diffuse scattering which allows us to synhrto ay sctterig s ofuthe l L3measure the bulk elastic moduli, synchrotron x ray scattering study of the lyotropic L3

phase in the quaternary system of SDS, pentanol, dodecane

V2.4 and water. This phase is found in the vicinity of the
dilute lamellar phasel, which consists of stacks of

SURFACTANTS IN SOLUTION: EXPERIMENTAL EXAMPLES OF extremely flexible membrane sheets. We studied the L3
FLUCTUATING MEMBRANES. Didier Roux, Centre de Recherche phase as a function of dodecane dilution with volume
Paul Pascal, Domaine Universitaire, F-33405 Talence Cedex, fraction between 0.45 to 0.86. We have analyzed our data
France. within the context of two different models. First, we

consider an elastic description of the L3 phase consisting
Surfactants in solution give rise to many fascinating of a phase of randomly oriented self-avoiding sheets with
structures which can be considered as phases of surfaces. a persistence length of the order of 1000A. Second, we
The structure and stability of these phases can be often fit the x-ray structure factor to a form derived from a
understood in terms of the elastic energy of the recent lattice model of G. Gompper and M. Schick
surfactant film (membrane). In most of the cases, the (preprint, July 1989).
bending constant r related to deformations of the membrane
is quite large and thermal fluctuations of the film are IC. R. Safinya, D. Roux, G. S. Smith, S. K. Sinha, P.
negligible. In some interesting cases, it is possible to Dimons, N. A. Clark and A. M. Bellcocq, Phys. Rev. Lett.
make the membrane so flexible that thermal fluctuations 57, 2718 (1986).
(undulations) are important.

V2.7
Flexible membranes lead to ordered structures such as LICONTINUOUS STRUCTURE OF THE "ANOMALOUS ISOTROPIC P'HASES
dilute lamellar phases where the interactions between L" AND MICELLAR-L PHASE TRANSITIONS. A.M. Bellocc,
membranes are dominated by undulation forces coming from 3 3the terc hndrnceof he ndultios. he easremnts D. Gazeau, D. Roux, Centre de Recherche Paul Pascal, C.N.R.S.
the steric hindrance of the undulations. The measurements Chateau Brivazac, Pessac, and E. Freysz, Centre de Physique
of elastic constants of lamellar phases allow to obtain Moiculaire optique et Hertzienne, UniversitC de Bordeaux I,
quantitative information upon flexibility and interactions 33405 Talence Cedex, France.
between membranes.

Anomalous flow birefringent phases, sometimes designated as
Besides lamellar phases, flexible membranes can fill space L have been identified in both the water-rich and the
randomly leading to isotropic phases of cnnnected films. o?-rich parts of the phase diagram of the water CNaCl3-
Two different cases may exist depending on the monolayer dodecane-pentanol-SDS system. Conductivity and neutron
or bilayer character of the film. Monolayer corresponds scattering results provide evidence that the structure of
to bicontinuous microemulsion where oil and water domains these phases consists of a highly connected, sponge-like,
are separated. Bilayer leads to bicontinuous structure of random bilayer-continuous surface. The surfactsnt surface
the same solvent (oil or water). This latter case (sponge rates, deeninuot syse the twawater-phae) asver iterstig roprtes elaedto he separates, depending upon the system, either two water-
phase) has very interesting properties related to the continuous domains or two oil-continuous domains. The data
special symmetry (in and out) of this phase. The effect are consistent with a recent theoretical model (M. Cates et
of thermal fluctuations on membranes allows an al, Europhys. Lett. 5,733,1988). In some coniitions of
understanding of the phase behavior and the salinity and temperature, the L3 phase and the micellar
thermodynamical properties of these phases. phase (L, or L2) form a single continuous region. The

Lransition from ricellar to bicontinuous structures will be
V2. 5 examined.

ELECTRON MICROSCOPY OF COMPLEX FLUIDS. Yeshayahu Talmon,
Department of Chemical Engineering, Technion-Israel of V2.8
Technology, Haifc 32000, Israel. FLEXIBILITY AND INTERACTION MEASUREMENTF IN l)ILtrE

Transmission electrc n microscopy can provide high LAMELLAR PHASES BY DYNAMIC LIGHT SCAFVERING. F. Nalict

resolution direct images of liquid systems, if they can be D. Roux, Centre de recherche Paul-Pascal, Domrmne n,,iversita-ire. 33405
made compatible with the high vacuum in the instrument, Talence cedex, France; and J. Piost, Ecole suprieure de physique et de
and with the low penetration power of the electron beam.
Thus, the challenge is specimen preparation while chimieindustriees l0rue Vauqueln 75231Pariscedex 05, Francc.
preserving the original microstructure of these normally
labile systems. In recent years we have developed
techniques and equipment to prepare thermally-fixed Dynamic light scattering measuremens on oriented sample% of dilute
(ultra-rapidly cooled, i.e., vitrified) specimens of
microstructured fluids. Preparation is carried out under lyotropic smectics have been performed. The hydrcdynamics of two-
controlled conditions to prevent structural rearrangement component smectics A is applied to describe the fluctuation spectrum in our
during specimen handling from the original vial to the muhicomponent samples. The experimentally relevant hydrodynamic mode
microscope. We have applied the technique to directly
visualize a wide range of complex fluids systems: i the undulationlbaroclnicmode, which arisesfromthe coupling between
micelles, vesicles, liposomes, lyotropic liquid crystals, concenrationandlayerdisplacement fluctuations.
and gels, in synthetic and biological systems. The
technique will be briefly described along with recent
applications, including new developments such as "on the Two elastic constants, the layer compressibility modulus (at constant
grid processing" for growing new phases in the specimen, chemical potential)B and the bending modulus K, arc e jacted from its
anrv "time-resolved cryo-transmission electron microscopy",
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anisotropic dispersion relation. Membrane flexibility (K) and intermembrane V3 .3

interactions (B) have been studied along a dilution line, with smectic LIGHT SCATTERING EVIDENCE FOR "WORM-LIKE" MIXED DETERGENT-

repeating distances in the range 4-35 run. The results support the view of DIACYLPHOSPHATIDYLCHOLINE (PC) MICELLES R Chamberlin, G Thurston. G

flexible membranes (flexibility of the order of kBT) interacting by means of Benedek. MIT, Camb., MA; D Cohen. & M Carey. Harvard Med. Sch., Bos., MA

the Helfrich's steric interaction. Using static and dynamic light scattering, we examined the micellar systems tabulated.

Each mixed detergent - egg yolk PC (EYPC) solution examined can be diluted from a

Measurements of the flexibility as a function of the chemical composition of one phase (micellar) into a two phase (lamelLar plus aqr.vous) system. Upon dilution

the m.-mbranes (cosurfactant length) have been performed. toward the two phase Doundary, the apparent radius of gyration R., the apparent

hydrodynamic radius R., and the apparent molecular weight Mw all appeared to

V3. I diverge. In spite of this divergence, the ratios R,/!M.1, ,
2 (. A), and RAIR (w B). had

NONLINEAR FLOW BEHAVIOR OF IGH MOLECULAR weak variation and similar values for all EYPC systems: A - 1.8 x 10.2

WEIGHT POLYMERS. Dale S. Pearson, Department of nm/Igm/molcl' r1, and B = (1.6 ±.1). Remarkably, this is the same behavior observed

Chemical and Nuclear Engineering and Materials Department, for A and B in di-C5 and di-C7 PC solutions which form "worm-like" locally cylindrical

University of California, Santa Barbara, CA 93106. micelles. The value of A is inconsistent with a previous EYPC disk micelle model'
since it yields a disk thickness of only Intm instead of the assumed 5nm for an EYPC

High molecular weight polymer liquids aie frequently bilayer. The behavior of A and B is consistent with a h)drodynamic theory
2 for flexible

subjected to high speed flow conditions that produce very "worm-like" structures in solution. In the limit that! -, "--" contour length is much

nonlinear effects. Typical observations are (1) a steady state greater than the "worm" persistence length. k, the theory preo, ... 1.5, and

viscosity that changes rapidly with the applied deformation A = 8.84 x 10,3 x [l2/r nm/[gm/molel' 12 where r is the radius of the "worm" cross
rate, (2) a stress relaxation modulus which is a strong and even secton. If r-2.5 nm, the lengthofan EYPC molecule then, gives t-26 nm.

unstable function of the applied strain, ar.d, after the inception
of flow, (3) transient stresses that greatly exceed their steady PC Detergent (D) IDI/IPC] [NaCI] Temp Conc. A X 102

(mol. raL) (M) (°C) (mg/ml) (nm/[gm/molcl" 2)
state values. Responses of this type ae observed, at al EYPC NaCholate 1.0 .15 20.0 13-50 1.66±.06

concentrations, but are most dramatic in concentrated EYPC NaCholate 1.0 .4 20.0 10-50 1.82±.06
solutions and melts. Because polymers are typically processed EYPC NaCholate 0.8 .15 20.0 18- 100 1.79±.13

at high flow rates, it is important to develop an explanation for EYPC NaTaurocheno- 1.7 .15 20.0 1- 100 1.73±.33
droxycholate

type of behavior. The pat ten years have been a period of EYPC Octylglucoside 8 .15 20.0 11-100 1.81±.13
remarkable progress in this direction. The strong Di-Cs none 0 0 55.0 1 -5 1.88±.09
nonlinearities have been shown to be a result of entanglement Di-C 7 none 0 0 20.0 2-30 1.94 ± .07
effects which arise naturally in concentrated liquids. Such 'N. A. M.W. G. B. B-Mk, M. C. C-y, 19.ary, S. 601 (1980)

intractiorts modify the behavior of both rigid rod polymers '1. Ysk., M. Nj , orc. 6.407 (t9O)

and flexible coil polymers. This talk will review the physical V3.4

principles and the constitutive equations which are required to

describe the flow of these svstemS. Successes that have been SHEAR FLOW AND ISOTROPIC-LAMELLAR TRANSITIONS.

achieved and problems that remain unsolved will be covered. S. T. Milner, AT&T Bell Laboratories, 600 Mountain Ave., Murray
Hill, NJ 07974.

V3. 2 In systems such as lyotropic liquid crystals, certain microemul-

RHEOLOGICAL AND KINETIC PROPERTIES OE SEMI-DILUTE sions, and block copolymers, a nearly second-order transition from an

SoLiTIONS OF FLONGATED MICELLES. S.J. Candau, G. Waton, F. isotropic state to a lasnellar phase is observed. In these transitions,

lerikhi. Laboratoire de Spectrom6trie 6 d' Imagerie nonlinear fluctuation terms lower the mean-field transition tempera-

!ltrasonores, l:niversit: Louis Pasteur, 4, rue Blaise ture r and drive the transition frst order. We consider the effect

Pascal, 67070 Strasbourg Cedex, France; and R. Zana, of simple shear on these systems, showing that shear suppresses the

Inst itut Charles Sadron, 6, rue Boussingault, 67083 fluctuations and raises 7. In a range of temperatures, the lamellar

Strasbourg Cedex, trance. phase can be induced by applying shear. We obtain an effective po-
tential under shear in the disordered phase, and conclude that the

transition under shear remains first order, though very weakly so at

high shear rate. The mechanism for suppression of fluctuations sug-

Aqueous micelles of ionic surtactants adopt an gests that lamellar ordering first occurs with wavevector normal to

anisodiametric shape at high ionic strength. An increase the shear plane.

of surfactant concentration induces a micellar growth

leading to very elongated flexible micelles which behave *Work performed in collaboration with M. E. Cates, Cavendish

in many respects like polymers. Rheological data suggest Laboratory, Cambridge University.

that the flow properties of these systems can be described

by a model ot roptation troncated by the kinetics of V3.5

fragmentation-coagulation of the micelles. In this paper LANDAU THEORY OF THE NEMATIC TO SMECTIC-A TRANSITION UNDER

we present results of T-Jump experiments with light SHEAR FLOW.* R. Bruinsma, Physics Department, UCLA, Los
scattering detection, performed in cetyltrimethylammonium Angeles, CA 90024.

bromide aqueous solutions. The characteristic micellar

kinetics relaxation time has been studied as a function of Shear flow distorts the microstructure of fluids if the

salt concentration, surfactant concentration and Deborah number De becomes comparable to one. In complex

temperature. The rheological behaviour of the semi-dilute fluids, exotic hydrodynamic effects are often seen in this

solutions of elongated micelles is discussed in the light regime. We compute within Landau theory the structure

of the T-Jump results. The activation energy for the factor S(q) of a sheared nematic close to the nematic to

scission of the micelles is determined from the combined smectic-A phase transition. As a function of increasing

results of T-Jump and rheological experiments. Deborah number, the pretransitional smectic-A (cybotactic)

clusters become increasingly more geometrically

restricted, evolving from their usual three dimensional

ellipsoidal shape for De << I to an extremely anisotropic

one-dimensional shape for De >> I. We discuss the

predictions of Landau theory for x-ray diffraction
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experiments for various orientations of the neaiatic We discuss the self-diffusion and rheological properties ' block
director. The suppression of pre-transitional critical copolymer melts that are weakly microphase separated, or in the
fluctuations by shear flow is found to raise the pretransitional disordered phase. Oscillatory shear measurements
transition temperature 

TNA, and peculiarly, TNA is found on a model saturated hydrocarbon diblock copolymer indicate a
to depend on the orientation of the director. These breakdown of time-temperature superposition and detect
distortions of the microscopic cybotactic clusters for De unusually large shear and normal stresses. We have investigated
>> I by shear flow are also reflected on the macroscopic single-molecule and collective mechanisms for this anomalous
level. The classical theory of the dynamics of nematics, behavior, both related to the presence of large amplitude
due to Erickson, Leslie and Parodi (ELP), is found to be composition fluctuations in such systems. A particularly striking
incomplete. We compute the new "normal forces" which must prediction is that the energetic barrier to self-diffusion is a small
be added to ELP hydrodynamics for large De and we discuss fraction of kBTip the weakly ordered phase, in apparent violation
their consequence, in particular the analog of of the Lindeman;. criterion for melting.
shear-thinning for liquid crystals. V3.9

* in collaboration with C. R. Safinya SCALIW ANALYSIS OF SI-EAR THINNIG IN POLYMER SOLUTIONS.
Y. Rabin, Chemical Physics Departrent, Weiznarn Institute

V3.6 of Science, Rehovot, Israel 76100; and H.C. Ottinger, In-

NONEQUILIBRIUM X-RAY DIFFRACTION STUDY OF THE stitut fur Polynfere, E-Zentrxn, i-8092 Zurich, Switz-
NEMATIC-SMECTIC-A TRANSITION UNDER SHEAR FLOW. C. R. erland.

Safinya, E. B. Sirota, R. Plano, and N. Lei, Exxon
Research and Engineering Co., Corporate Research, Route 22 Introducing the notion of a "shear blob" defined as a
East, Annandale, NJ 08801.t Asegient of a polymer on the scale of which the tension

We report on x-ray scattering studies of the microscopic along the chain balances the viscous shearing force, we

structure of the nematic (N) and the smectic-A (SmA) reiniuce Cki.i's r ctian for e Sha of
phases in (8CB) under dynamic "steady-state" shear flow intrnsic viscosity
conditions carried out in an x-ray Couette-cell. In the I,] ~ Vol
nematic phase, we find a director-flip-transition as the
SmA fluctuations increase on approaching the SmA phase. where i is t shear rate, oL=l-(l/3v) and v is the Flory
We associate this transition with the microscopic exoIt. A niew prect-i for the shear thinning of the

renormalization of the Miesowicz viscosity "b predicted by normal s coefficients (,f2)is
W. L. McMillan (Phys. Rev. A, 2, 1720 (1974)) to be
proportional to the square root of the SmA susceptibility i -2-
measured by x-rays. As a function of decreasing
temperature in the vicinity of the SmA phase, we find an Furthermore, if the Rabin-Kawaski cojecture abot the
abrupt transition (rather than the expected continuous suppeasion of the excluded-volume effect in strong shear
transition) to a regime where the pretransitional (SmA) is correct, we predict that o=I/3, independent of solvent
fluctuations (e.g. the cybotactic domains) are distorted quality.
and suppressed along the shear. The distorted structure
allows us to directly measure the (SmA) order parameter
relaxation time as a function of shear rate. We find that V4.1

as a function of increasing shear rate the N-SmA EFFECT OF THE STABILIZING COATING AND THE
transition temperature TNA increases initially but PRESENCE OF FREE POLYMER ON THE CRYSTALLIZATION
eventually, above a critical shear rate decreases, so that PHENOMENA OF COLLOIDAL SUSPENSIONS. C. Smits,
in the (shear rate-T) plane we find a reentrant nematic
phase. We associate the initial rising of TNA with the J.K.G. Dhont and H.N.W. Lek- erker. Van't Hoff
suppression of critical fluctuations due to shear flow. Laboratory, University of Utrecht, Pdualaan 8, 3584

CH Utrecht, The Netherlands.
V3 .7

KINETICS OF THE LATE STAGE GROWTH IN THE PHASE SEPARATION Visual observations and preliminary light scattering
OF A CRITICAL BINARY MIXTURE.
Serge Lacelle and Franco Cau, Dept.de Chimie, Univervit6 experiments on the crystallization process in various

de Sherbrooke, Sherbrooke, Quebec, Canada J1K 2R1. colloidal systems are reported. In the first place we
studied the influence of the stabilizing coating of the

The effects of shear flow on the phase separation processes colloidal particles on the rate of crystallization. The
in the critical binary mixture aniline/cyclohexane have various coatings give rise to different ranges of the
been studied with natural abundance 

13C nuclear magnetic
resonance spectroscopy. The 1 3C lineshapes were monitored repulsive interaction. This is found to have a pronounced
as a ft;,ction of temperature quenches in the unstable effect on the rate of crystallization. Furthermore we
region of the coexistence curve. From the resonance investigated the effect of free polymer added to the
linewidths are inferred average lifetimes of molecules in dispersion. It appears that addition of free polymer has
a phase. Assuming a diffusive mechanism for interphase
transport yields time-dependant domain sizes R(t). Power a dramatic effect on the crystallization phenomena.
laws R-tx are observed. Crossovers in the growth exponents V4. 2
x are also observed. These results will be discussed in
light of existing theories on critical fluctuations under CHARGE AND SIZE POLYDISPERSITY EFFECTS ON THE

shear, hydrodynamic percolation, and late stage growth. SCATTERING PROPERTIES AND THE HIGH FREQUENCY
ELASTICITY OF COLLOIDS. B. D'Aguanno, Rud9M Klein and N.

V3.8 Wagner, Fakultat fur Phy1sik, Universitat Konstanz, D-7750
Kostanz, FRG.

SELF-DIFFUS(lN AND RIIEOLOGY OF \VEA1,LY
INIIOMOGENEOUS BLOCK (OPOLYMERS. Scott T. Nilner Polydispersity in charge and size of colloidal particles strongly

and Glenn 11. Fredrickson, AT&T Bell Laboratories, 600 Mountain influences the static light scattering 1(k) and the first cumulants

Ave.. Murray Htill, N.1 07974: Frank S. Bates and Jeffrey H. r "(I) of the dynamic correlation function. These effects are calcu-
Itosedale, I'niversity of Minnesota, Dept. of Chemical Engineering lated by solving the Orstein-Zernike integral equation for the micro-
and Materials Science, 421 Washington Ave., S.E., Minneapolis, structure with the thermodynamically consistent Roger-Young (RY)
MN 55455. closure for a multicomponent mixture of up to 10 components.
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Comparison of monodisperse calculation with Monte Carlo simula- V4.5
tions demonstrates the superiority of the RY closure for interparticle DIELECTRIC RELAXATION IN CONCENTRATED SOLUTIONS
potentials of screened Coulomb type over the Percus-Yevick and OF INVERTED MICELLES. J. Sowa, S. Bhattacharya,
hypernetted chain closures. The results for 1(k) and r(k) for poly- M. J. Higgins and J. S. Huang, Exxon Research and
disperse systems show significant difference from results obtained by Engineering Company, Route 22 East, Annandale, NJ V

treating the system as an effectively monodisperse one. For l(k) a 08801.
large increase is found at small k as well as a shift in the main peak.
These results have immediate consequences for the experimental
determination of the charge on the colloidal particles from the main Low-frequency dielectric relaxation studies show
peak in 1(k). Finally, high-frequency elastic moduli, which can be anomalous behavior in concentrated solutions of
expressed in terms of static structure factors and the above results, inverted micelles in oil. A new and slow
are predicted as functions of concentration and polydispersity. relaxation process appears at high concentrations

3 accompanied by a conductivity anomaly. This is
suggestive of the formation of some yet-unknown

DYNAMICS OF CONCENTRATED COLLOIDS.* D.A. Weitz, large-scale structure. Similarities and

Erron Reiearch and Engineering Co., Rt. 22 E, Annandale, AJ dissimilarities with glassy relaxation in liquids

08801. are noted in the variations of the relaxation
times with temperature, volume fraction of

The interactions between colloidal particles, and between the par- surfactants and oil chain-length.
ticles and the surrounding fluid, play a major role in determining the
dynamics of concentrated suspensions. Here we discuss different ap- V4.6

plications of light scattering to study the dynamics in concentrated FORMl'LATION AND PROCESSING OF COLLOIDAL DISPERSIONS. Vi l lJam
colloidal suspensions. When the particles are comparable to the B. Russel, Department of Chemical Engineering, Princeton
wavelength of light, a concentrated suspension will typically scatter University, Princeton, NJ 08544-5263
light very strongly. This can be exploited through the use of Diffus-
ing Wave Spectroscopy (DWS), which is an extension of traditional Colloidal dispersions appear during the processing of chemi-
dynamic light scattering to the multiple scattering regime. New cals and materials in a number of contexts that require con-

physics can be explored with DWS as it allows the motion of the trol of macroscopic properties, particular phase behavior and
particles to be measured on very short length scales. We exploit this rheology, through manipulation of the chemistry. This talk
feature to study the hydrodynamic interactions that influence the will survey several applications, including the colloidal
nature of Brownian motion at very short time scales. The dynamics processing of ceramics, the formulation of coatings, solid-
at even faster time scales, or higher frequencies, are dominated by liquid separations, and waste water treatment, and attempt to
the acoustic behavior of the suspensions. If the multiple scattering identify the relevant fundamental science involved.
can be eliminated, the acoustic properties can be studied through the
use of Brillouin scattering. Again, these properties are strongly V4.7
influenced by the interactions between the particles. Here, we inves- SED!IKENATION S I:ES IN NEARLY HARD - SPHERE SUSPENSIONS.
tigate the relationship between the particle correlations, as charac- Seven E. Pauli and B-uo J. Accerson, Dep n- of
terized by the structure factor, and the propagation of acoustic ysic, Oahol Stnate University, Stilwater, OK 74078 -

modes through the suspension. The combination of these techniques 0444.

enables us to explore new regimes of S(q,w) for concentrated suspen-

sions, and thus study the dynamics of the colloidal particles. Results are presented for sedimentation studies of
ca w Y S ions in a liquid of micron diameter "nearly ,ard"

in collaboration with L. Ye, Ping Sheng, D.J. Pine, and P.N. oolloidal spheres consisting of polymethylmethacrylate
Pusey. (PMMA) oores stabilized sterically by a thin layer of poly

- (12 - hydroxystearic acid). The particles are dispersed
V4.4 in a mixture of decalin and tetralin in proportion chosen

NON-DIFFUSIVE BROWNIAN MOTION STUDIED BY to nearly match the particle refractive index, thus
DIFFUSING WAVE SPECTROSCOPY. D.J. Pine, Department of providing nearly transparent samples. A series of samples
Physics, Haverford College, Haverford, PA 19041, D.A. Weitz, havir different volume fractions of particles are prepared

Ezron Research and Engineering Co., Rt. 22 E, Annandale, NJ and allowed to settle at one g. In each sample a dense
08801, P.N. Pusey and R.J.A. Tough, Royal Signals and Radar crystalline solid develops and grows upward from the
Establishment, Malvern, Worchestershtre WR14 3PS, UK. bottom, and a clear supernatant bxundary appears and

desoends frni the top. pending on the initial particle
The trajectory of a Brownian particle on time scales comparable to volture fraction the central region evidences a liquid,
the viscous damping time reflects the interplay between the short crystal, or coexisting crystal and liquid ordering of
range, random molecular forces and the long range, hydrodynamic particles having a sharp bcvndary. measurements are made of

forces on the particle. For short times, the particle motion is these boirdary regions as a function of time. In addition
"ballistic", while at long times, the motion is diffusive. The naturc light scattering diffraction studies are conducted to

of the transition from ballistic to diffusive motion is determined by msonitor crystalline solid lattioe onstants as a function
the interaction of the particle with the surrounding fluid. The flow of time and height in the sample. From these data
field, or vorticity, established in the fluid when the particle moves, sedimentation velocities for dense suspensions are
reacts back on the Brownian particle, resulting in a p~rsistence of determined as a function of volume fraction and suspension
the motion. This is manifested as a "long-time tail" in the decay of Phase behavior. Particle interactions are examined in the
the velocity autocorrelation function. Thus, the nature of the short- dilute limit. Model hard sphere sedimentation rates and
time, non-diffusive, Brownian motion and the transition to diffusive equations of state are tested by ccuiparison of these data
trajectories are sensitive functions of the hydrodynamic interactions with a numerical solution of a diffusion - sedimentation
between a colloidal particle and the surrounding fluid. We use equation.

diffusing wave spectroscopy (DWS), the analysis of temporal V4.8
fluctuations of multiply-scattered laser light. This technique extends
traditional dynamic light scattering to the strongly multiple- NUCLEATION OF COLLOIDAL CRYSTALS. D.J.W. Aastuen,
scattering regime, and can be used to probe the motion of Brownian C. Swindal, J. Pieper, and N.A. Clark, Department of Physics,
particles at length scales of only a few angstroms, much less than the University of Colorado, Boulder, CO 80309.
wavelength of light. We clearly observe the non-diffusive motion of
Brownian particles at early times and the slow approach to the The number of bcc colloidal crystal nucleation events per
asymptotic diffusive motion. unit volume-per unit time (n ) in a supercooled (shear

melted) colloidal liquid is found to increase strongly
with the deqree of supercooling. The evolution with in-
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creasing ns from recrystallization by nucleation and growth Block copolymers with micro phase-separated structure
to glass formation will be discussed. in the molten state (above the melting and glass

Supported by NSF DMR 8512071. transition temperatures of both blocks) exhibit striking
rheological behavior which determines their processing

V4. 9 and their application. The 3-dimensional interface of the

FLOW PROPERTIES OF CONCENTRATED COLLOIDAL microphase separated structure strongly reduces the

SUSPENSIONS. J.W.Goodwin; and R.W.Hughes, molecular mobility. Some systems have been reported to
Department of Physical Chemistry, University exhibit yield stress or gel behavior. However, most
of Bristol, Cantock's Close, Bristol BS8 ITS, molten block copolymer melts seem to be liquids with
England. long relaxation times. The long relaxation modes are

As the volume fraction of a suspension of determined by the interface while the short ones remain
spheres is increased non-Newtonian flow is mostly unaffected by phase separation.
observed. Shear thinning behaviour is often
seen whilst at higher concentrations dila- Large strains alter the phase separated structure with the
tancy may occur. The volume concentration at
which non-Newtonian behaviour is initially effect that the molecular mobility increases by about one

found is a function of both the particle size order of magnitude. Even then, the molecular mobility is
and the range of the inter-particle forces. so low that it prevents the recovery of the equilibrium

Suspensions of hard spheres are Newtonian up structure. Therefore, processing flows effectively produce

to volume fractions, 0, approaching 0.5. For a microphase separated structures which strongly depend
particles where there is a weak attractive on strain and temperature history. The molecules are not
colloid potential start to show shear thin- altered by this process.
ning behaviour at 0>0.3. Both a low stress
limiting viscosity and viscoelasticity can be
' -sured for such suspensions. When there are
,, Ig range electrostatic forces acting Rheological phenomena will be reviewed for systems
between the particles, viscoelastic behaviour with amorphous and with liquid crystalline short blocks.
can be found at 0<0.2.

All these systems can be analysed in terms of V5.2

an equilibrium structure and the colloid MICROEMULSION PERFORMANCE FLUIDS. Jan Bock,
potentials. For strongly attractive or Corporate Research, Exxon Research &
coagulated systems this is not the case and Engineering Co. Rt. 22 East, Annandale, NJ 08801
non-equilibrium structures are produced.

Microemulsions are thermodynamically stable
Examples of each of these systems will be mixtures of two immiscible fluids, such as oil
given and some of the models used for and water, and one or more surfactants or
predicting the behaviour will be discussed. cosurfactants. These systems have a rich

micro-structure and phase behavior which can

V4.10 take the form of a variety of multi-phase and

CRYSTALS UNDER SHEAR AND THE MELTING TRANSITION. single phase oil- or water-continuous or

Mark J. Stevens, James F. Belak," and Mark. 0. Robbins, Depart- bicontinuous fluids with unique and useful
ment of Physics and Astronomy, The Johns Hopkins University, Balti- properties. The thermodynamic stability and

Sooultra-low interfacial tension are reasons that
more, MD 21218 microemulsions are used as displacement fluids

for chemically enhanced oil recovery. In
We have studied the effect of shear on crystals with a screened-Coulu mb addition, the clarity, high solubilization
(Yukawa) interparticle interaction. This potential gives a good descip- capacity and high interfacial area suggest other

tion of the equilibrium properties of a well studied experimental sys- uses for these "performance fluids".
tem: charge-stabilized colloidal crystals. We use an extension of the
Parrinello-Rahman molecular-dynamics method to impose a constant The relationship between surfactant structure

shear-rate 'gamma'. In simulations at low shear-rates, we find a solid- and the phase behavior and properties of

like state with planes of particles sliding over each other. The density microemulsions is the key to their design.

of stacking faults increases with 'gauna'. At high shear rates, we find Through the proper selection of surfactants,

an enhanced diffusion perpendicular to the shear direction and the cal- microemulsion phase continuity can be tailored

culated structure factor indicates ordering of particles into strings. At for a variety of applications. Water-continuous

even higher shear rates, the solid melts and we observe the spherical microemulsions can be designed for water based
lubricants or metal working fluids.

structure factor characteristic of the fluid state. Microscopic mecha- oil-continuous microemulsions are being studied
nisms, by which these crystals propagate shear, will also be discussed, in water containing fuels for reduced emissions.
*Work supported by National Science Foundation Grant No. DMR- Bicontinuous microemulsions are proving useful

8553271 for separating oil and water from refinery
"Permanent address: Lawrence Livermore Laboratories, Livermore, sludge. Proper surfactant selection also leads

CA 94550 to high water and oil solubilization in
microemulsions which in turn results in improved

VS.l effectiveness in these applications.

RHEOLOGY OF PHASE SEPARATED BLOCK COPOLYMER V5.3
MELTS. H. Henning Winter , University of

Massachusetts, Department of Chemical Engineering, APPLICATIONS OF FERROELECTRIC LIQUID CRYSTAL (FLC) ELECTRO-

Amherst, MA 01003, USA OPTIC DEVICES. Noel A. Clar., University of Colorado,
Department of Physics and Center for Optoelectronic Comput-

ing Systems, Boulder, CO 80309.
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will review the device applications of microsecond speed, specific role of the diacetylenic group on the macroscopic

surface bistable FLC clectro-optic effects, emohasizing structures exhibited by the lipid dispersion, we have
high information content displays, spatial light modulators determined the hydrodynamic diameters of vesicles formed
for optical computing, and optical switches. by aqueous dispersions of a series of lipids, viz, DCm nPC

(see figure). These lipids have been so chosen that
Work supported by NSF CDR 8622236 and ARC DMAL-03-86-K-0053. although the total chain length is the same for them, the

V5.4 position of the diacetylenic group within a chain is
different. It is observed that the hydrodynamic diameter

MICROSCOPIC PROCESSES IN MICROEULSION POLYMERIZATIONS. of the vesicles is dependent on the position of the
Frangoise Candau, iCS (CRM-EAHP) CNRS-ULP, 6 rue diacetylenic group in the chain.
Boussingault, 67083 Strasbourg Cedex, France. CH2OC(O)-(CH2)m-CX-Ca.-(CH2)n-CH3

Microemulsions are attractive media for polymerization CHOC()-(CH2)m-C-C-Ci(CH2)n-CH3
reactions, because they can lead under appropriate +
conditions to nigh molecular weight polymers entrapped CH2OP(O2)O-CH2-CH2-NMe3
within small-sized stable particles. We describe here some Structure Formula of 0Cm nPC
characteristics of the polymerization of hydrophilic m,n 4.17; 6,15; 10,11; I1, 0
monomers in microemulsions stabilized by anionic or

nonionic surfactants. Incorporation of monomer in the
starting systems induces a change of the curvature of the V5.7
surfactant monolayer resulting in a percolative behavior. FORMATION OF METAL COLLOIDS IN INVERSE MICELLES AND
Eventually, the radius of curvature becomes so large that MICROEMULSIONS. J.P Wilcoxon (Organization 1152),
the globular configuration transforms toward a bicontinuous and R. Williamson (Organization 1843), Sandia
structure. A correlation is established between the National Laboratories, Albuquerque, NM 87185.
mechanism of the particle growth during the polymerization
and the percolative behavior of the micellar systems. The We describe the formation of a variety of metal
differents steps of the building up of the polymer latex colloids (e.g. Au, Pt, Ir, Pd, Rh, Re, Ni, Fe, and
particles has been investigated. Hg) in nonionic and ionic surfactant systems. We

show how the underlying microheterogenous Etructure
V5.5 of micellar solutions can be manipulated to control

':i;E BEHAVIOP OF ELECTRIC FIELD DEPENDENT FLUIDS UNDER the properties of colloids formed by either photo-
:Y NAMI STRESSES. Frank E. Filisko, The University of chemical or chemical reduction of metal salts.
M iaan. Materials Science and Engineering, Ann Arbor, Conversely, using the Au system as an example, we
' 4&I(9. illustrate how the formation of structures in various

regions of the phase diagram (e.g. a lamellar region,
Fl.:ds whose rheological properties are a strong function near a three phase body (bicontinuous region), or
t applied electric field were first observed in the near a critical point can be used to gain information
194's by W. Winslow. In their simplest form these concerning the underlying structure. Such techniques
fiuids ar- suspensions of a nonconductive particulate as electron microscopy or small angle x-ray scatter-
:i'ase in a nonconductive liquid phase. For years these ing which are basically sensitive only to the metal
f!l..ds were of intellectual curiosity only due to severe (high Z) structures can then be used to draw
constraints imposed on them by the requirement for large inferences concerning the precursor microemulsion
anounts of absorbed water on the particulate phase. structure. We demonstrate control of size, particle
With the recent discovery of particulate systems density, and structure by manipulation of the system
h:ch produce field active suspensions without adsorbed temperature and composition and discuss the under-

,;ater, interest in these fluids has reawakened both lying reaction mechanism for photochemical (laser)
comnercially and intellectually. The strong possibility reduction of metal salts in surfactant systems.
that the phenomenon is related to fundamental chemistry/
physics implies that when adequately understood, materials
can be synthesized or formulated to optimize desirable *This work performed at Sandia National Laboratories,
properties. Furthermore, characterizing and modeling the Albuquerque, NM and supported by the U.S. Department
behavior of these fluids represents a considerable of Energy under Contract No. DE-AC-04-76DP0789.
challenge in itself. In this presentation we will discuss
recent developments in understanding molecular mechanisms V5.8
responsible for the phenomenon as well as the rheological STRUCTURE AND PROPERTIES OF R-SORCINOL-
behavior of ER fluids in response to a dynamic stress. FORMALDEHYDE GELS',Stephan A. LetS. Buckley, and

V5 .6 F.M. Kong, University of California, Lawrence Livermore National
Laboratory, Livermore, California

DEPENDENCE OF THE LOCATION OF DIACETYLENIC GROUP ON THE
SIZE OF THE VESICLES FROM 1,2 DIACYL PHOSPHOCHOLINES. Foams made from condensation polymerized resorcinol-
Alok Singhl, S. Narchywka 2 and R. Shashidhar1 , 2  formaldehyde (RF) gels are being considered for use in direct-drive

laser fusion targets. Our goals are to produce a mechanically strong
IBio/Molecular Engineering Branch, Naval Research foam and determine the relationship between gel and foam
Laboratory, Washington, D.C. 20375-5000; 2Geo-Centers properties. We are studying the gels by both scanning and
Inc., Ft. Washington, MD 20744 transndssion electron microscopy and viscometry to determine the

It has been observed in our laboratory that molecules of structure of the materials and the effects of processing conditions.

1,2bis(tricosa-i0,12 diynoyl)-sn-Glycero-3-phosphocholine RF gel shear properties were measured using an oscillatory
(DC8,9PC), a diacetylenic lipid, self-assemble into vscometer. We studied thee easuredousinetemperature and
different structural forms when dispersed in water viscoeterW tied teect of th ure temperay.re and
depending upon the methods of preparation and thermal caliyst concentration (Na2 CO 3) on the solution vscosity. We have
cycling. Aqueous dispersion of this lipid upon sonication found that the viscosity of the solution of mixed reactants increased
above the chain melting temperature produces small from a water-like viscosity of 0.01 poise to 100 poise in a time period
unilamellar vesicles (SUV's). The diameter of these suv's of approximately 30 minutes. We believe that particles are formed
can be determined by light scattering techniques during polymerization. As polyrization occurs the polymer phase
(auto-correlation method). In order to understand the separates into a colloidal suspension. Gelation results much later
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(500 to 2,000 minutes) from aggrigation of the particles into the chiral discrimination depends on the intergroup
"strings of pearls" morphology of the gels and dried foam. interaction and tends to favor homochiral ity for

electrostatic interactions and heterochirality for van der
We have also used freeze-fracture TEM to observe the morphology Waals interactions. Phase diagrams for racemic mixtures
of particles in the solution and gel. We find a structure of aggrigated that form conglomerates and racemates are calculated.

spherical particles approximately 200 A in diameter. This structure V6. 3
compares well with structures seen by SEM and TEM in Wetting on Heterogeneous Solid Surfaces. S. Garoff. Dept. of
supereritically dried foams. Physics, Carnegie Mellon University, Pittsburgh, PA 15213.

*Work performed under the auspices of the U. S. Department of
Energy by the Lawrence Livermore National Laboratory under Wetting and spreading of a fluid on a solid are highly complex
contract number W-7405-ENG-48. phenomena. Real surfaces are both rough and chemically

V6.1 heterogeneous on many length scales and this non-ideal character
has dramatic effects on the wetting properties of these surfaces.SUBSTRATE* Mahn won Ki, Exxon Research and Engi- Using a variety of experimental and theoretical techniques, we haveneeSRng * oMahn WotKim, Est n Ann are n 081 examined wetting and spreading on heterogeneous surfaces.Jneering Company Rt.22 East Annandale, NJ 08801

The phase retardation angle, 60, as afunction of the incident angle was measured to Submonolayer coverages of surfactant molecules on solid surfaces are

study adsorption and depletion of polymers near a often composed of islands of these molecules and thus produce
sold substrate from a solution using an surfaces with heterogeneous wetting properties. For these patchy
evanescent-wave ellipsometry technique. A lightly surfaces (and most ambient surfaces), contact angle hysteresis and
sulfonated ionomer dissolved in polar solvent unsteady motion of the contact line are characteristic of the wetting
displayed an appreciable interfacial adsorption behavior. A simple model of the energy of such a system has been
layer, while the nonionic precursor in ethyl used to explain these phenomena. This model bears resemblance to
acetate exhibits a depleted concentration profile. that describing the motion of domain walls past impurities in a
The results are in good agreement with adsorption ferromagnet, the origin of Barkhausen noise. To examine wetting in a
or depletion layer profiles obtained previously by more controlled fashion, wetting and spreading on surfaces with
other techniques, i.e. X-ray fluorescence for microfabricated heterogeneities have been experimentally probed.
polymer adsorption and optical fluorescence
evanesent wave technique for depletion. These experiments mimic many of the essential features on naturally

heterogeneous surfaces. Finally, x-ray reflection measurements
Furthermore, the results show that ionomer have been used to examine the effects of surface heterogeneity on the

adsorption from a relatively dilute polymer structure of the ultrathin wetting layers which extend beyond bulk
solution is strongly dependent on the sulfonate menisci of fluids at rest or moving on a solid. We found that the
level of the ionomer and the nature of substrate. roughness and heterogeneity of the solid surface manifest themselves
Depletion layer formation occurs at all sulfonate in the roughness of the fluid/vapor interface of the film, in the
levels when the polymers are in contact with a irregularity of the terminating boundary of the film, and in the
hydrophilic surface. Except a lowest anionic hysteretic pinning of that terminating boundary.
charge, the ionomers are observed to
preferentially adsorb onto a hydrophobic V6.4
substrate. STATISTICAL THERMODYNAMICS OF PHASE TRANSITIONS

*This work was done in collaboration with Drs. D. IN SURFACTANT MONOLAYER FILMS. R. S. Cantor, Department
G. Peiffer, H. Hsiung, Th. Rasing Y. R. Shen, and of Chemistry, Dartmouth College, Hanover, N.H. 03755.
Mr. W. Chen.

In recent work [J. Chem. Phys. 90, 4431; 4440 (1989)], a lattice
V. 2 statistical mechanical method has been developed to predict structural

MODULATED PHASES AND CHIRAL DISCRIMINATION IN AMPHIPHILIC and thermodynamic properties of fluid phases of surfactant monolayer

MONOLAYERS AT THE WATER/AIR INTERFACE. David Andelman, films at the interface between water and a hydrophobic solvent. This
School of Physics and Astronomy, Tel-Aviv University, approach incorporates translational and conformational degrees of
Tel-Aviv 69978, Israel. freedom of the surfactants and accounts for chain/solvent/water mixing

energy in nearest-neighbor approximation. In addition to the liquid-gas
Recently, modulated phases of insoluble monolayers of transition, a fluid-fluid phase transition is predicted to occur at high
fatty acids and phospholipids spread on the water/air surface densities (a). We examined the predicted o-dependence of two
interface have been observed by fluorescence microscopy
experiments. We propose a theoretical explanation of this structural order parameters: the solvent concentration profile and a
observation by including electrostatic (dipolar) measure of the degree of surfactant translational freedom. With
interactions in the total free energy calculation for the increasing o, the chains are predicted to react predominantly through
monolayer. Dipoles can originate from two sources: loss of translational freedom, until virtually all translational freedom is
neutral amphiphiles have a permanent dipole and charged lost at o-0.6, although a considerable amount of solvent remains
amphiphiles have an induced one. Modulated phases are "trapped" within the flexible chains. Further compression results in a
found to be stable in two different limits: close to the
liquid-gas transition and at low temperatures. Several shift in the chain conformational distribution favoring extended
phases with stripe and hexagonal symmetry are predicted conformations that pack more efficiently, thus ejecting previously
and the phase transition between them are calculated. trapped solvent and resulting in an internal condensation of chain

segments - the high-density transition. The low-density transition can
Phospholipids and other biological molecules have one or be viewed as a two-dimensional demixing of chains (retaining trapped
more chiral centers that are responsible for chiral solvent) and "free" solvent between the chains.
discrimination and chiral specificity in biological
processes. Langmuir monolayers of chiral amphiphiles
offer one of the simplest realization of chiral mixtures In monolayers of mixed chain length, the high density transition is
because of their two-dimensional character. We calculate predicted to exhibit azeotropy. If the chains differ sufficiently in length,
the chiral discrimination for a particular type of model heterogeneous azeotropy is predicted, the phase diagrams resembling
molecule--an amphiphile with a tripodal head moiety. The those of bulk n-alkane/water mixtures in the critical region.

702



V6.5 with respect to the transitions at an air interface. The

X-RAY REFLECTIVITY OF A POLYMER MONOLAYER AT THE measured reflectivities have been fit to simple density
WATERIVAPOR INTERFACE. M, D.K. Schwartz, E. profiles and the smectic order parameters for the first two
Kawamoto, G. Kellogg, P.S. Pershan (Department of Physics and Division layers are consistent with mean field theory.

of Applied Sciences, Harvard University, Cambridge, MA 02138), M.W. References
Kim and T.C. Chung (Exxon Corporation Research Laboratory, Annandale,
NJ) 1. B.M. Ocko, A. Braslau, P.S. Pershan, J. Als-Nielsen, and

M. Deutsch, Phys. Rev. Lett. vol. 57, p. 94 (1986).
X-ray reflectivity of a co-poly 1,2-butadiene/butyl alcohol (50% random * This work was supported by the Division of Materiel
substitution) monolayer at the water/vapor interface was measured from the Research, U.S. Department of Energy, under contract No.

critical angle to Qz = 0.6 A-1 (where Qz is the transferred momentum normal DE-AC02 - 76CH00016.

to the interface). On a Langmuir trough, the monolayer was prepared at three V6 8

different surface pressures, all in the high pressure saturated region of the X-RAY REFLECTIVITY STUDIES OF POLYELECTROLYTE

isotherm. Preliminary analysis allows us to determine the width of the ADSORPTION AT THE SOLUTION-VAPOR INTERFACE. M.L.
Schlossman, E.H. Kawamoto, D.K. Schwartz and P.S. Pershan

vapor/monolayer interface, the maximum electron density of the monolayer, (Department of Physics and Division of Applied Sciences, Harvard

and the position of that maximum from the vapor/monolayer interface. The University); M.W. Kim and D. Peiffer (Exxon Corporate Research

width of the vapor/monolayer interface for the two lower pressures can be Laboratory)

predicted from the theoretical form for thermal capillary waves using in situ Synchrotron X-ray reflectivity studies of the vapor-liquid interface of

measurements of the surface tension; for the highest pressure monolayer, the polyelectrolyte solutions were carried out at Brookhaven National

width of the interface is larger than predicted by capillary wave theory. The Laboratory. Several concentrations of dilute solutions (0. 1-5 wt. %) of co-

position of the maximum in the electron density moves further from the poly (styrene/rubidium-sulfonated styrene [8.4% random substitution]) in

interface, away from the vapor, as the pressure increases. The maximum dimethyl sulfoxide (Rb-SPS; molecular weight 100 K) and co-poly (vinyl

observed value of the monolayer electron density is approximately 10% pyridine/brominated vinyl pyridine [65.8% r. s.]) in water (Br-PVP; MW

larger than that of the bulk polymer. 143 K) were prepared. X-rays were scattered from the surfaces of these

solutions, and the specularly reflected intensity measured over 9 orders of

Work supported by the National Science Foundation under grants NSF- magnitude from the critical angle to Q, = 0.5 A-1. Compared with the

DMR-88-12855 and NSF-DMR-86-14003. Fresnel reflectivity (from an idealized sharp interface between vapor and a

V6.6 homogeneous phase of the same density as the bulk solution), the Br-PVP

SURFACE ADSORPTION STUDIES BY OPTICAL SHG, Viola system exhibits an enhancement of reflected intensity, whereas the Rb-SPS
Vogel. C. Mullin, Y. R. Shen, Dept. of Physics. system exhibits a diminished reflectivity. Data from the Br-PVP solutions
University of California, Berkeley, California
94720 Mahn Won Kim, Exxon Research and Engineering ;ndicate a 20% enhancement of surface electron density over that of the bulk

Company Rt. 22 East Annandale, New Jersey 08801 in a region -10 A from the surface, whereas the Rb-SPS data indicate a

depletion of interfacial electron density.

The high surface specificity of optical
second harmonic generation (SHG) makes the Work supported by the National Science Foundation under grants NSF-
technique to be an ideal tool for time resolved
surface adsorption studies. SHG allows to measure DMR-88-12855andNSF-DMR-86-14003.
directly the surface excess as well as the average
orientation of the adsorbed molecules. In this V6.9
talk, we will focus an adsorption process of
surfactants of the air/liquid interface with the NRA STUDIES ON THE INTERFACE FORMATION IN POLYMER
aim to prove theoretical models relating surface MIXTURES BELOW THE CRITICAL POINT. UIIriih Stei.
pressure and surface excess as well as to study Kumar Chaturvedit, Omer Zak, Georg Krausch 2 , GUnther Schatz 2

orientational phase transitions. and Jacob Klein. Department of Polymer Research, Weizmann

V6.7 Institute. Rehovot 76100. Israel.

X-RAY REFLECTIVITY STODIES OF SOLID/LIQUID CRYSTAL Mixtures of polystyrene (hPS) and deuterated polystyrene (dPS)
INTERFACES. jQ.jk, Physics Department, Brookhaven are weakly incompatible and thus characterized by a small
National Laboratory,* Upton. NY 11973. interaction parameter X. Upon heating a bilayer of hPS and dPS

Liquid crystals exhibit diverse wetting phenomena since both to a temperature below, but close to the critical temperature of

orientational as well as positional order can be induced by the mixture, the polymers will not interdiffuse freely, but a finite
an interface at temperatures where the bulk phase is disor- interfacial region will be formed. Based on a known X-10-4 the
dered. For the present study the x-ray reflectivity tech- equilibrium width is expected to be of a few tens of nm.
nique, which is directly related to the ordering along the
surface normal direction, has been extended to the liquid/ Nuclear Reaction Analysis (NRA), a profiling technique which
solid interface. X-ray reflectivity measurements have been employs the 2H(3He, 4 He)IH reaction has been used to study the
carried out at the National Synchrotron Light Source. interfacial structure of a bilayer of hPS and dPS. This technique
Studies have been conducted in the isotropic phase of the has a resolution which is significantly higher than that of
cyanobiphenyl compounds (10CB, IlCS, 12CB) at alkylsiloxane comparable ion-beam techniques which use elastic scattering;
coated silicon surfaces (CIO, C12, C18). These results this allows us to measure the structure with ca. IOnm resolution.
indicate that the (Smectic A) layering transitions do not
depend on the length of the alkylsiloxane hydrocarbon chain. Using this technique, we measured directly the composition
For 12CB three distinct layering transitions are observed I profile at the interface of the hPS/dPS bilayer. We have shown,
whereas five transitions are observed at the air interface, that it grows with time to some limiting interfacial width at
In addition, the layering transition temperatures are shifted
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sufficiently long times. The variation of the interfacial width transitions, surprising shape transformations, etc. We
with temperature is in fair agreement with the prediction of shall present here a short review of these phenomena, and
mean field theories, describe some recent analytical and numerical results

concerning the polymerized membranes. We shall also
We are currently investigating the development of the interface suggest some possible directions for further experimental
width with time and are also using our approach to characterize studies as well as mention several possible applications
the coexistence features of this system. Results will be given and for these systems.
compared to theoretical predictions.

V7. o hmsrBadisUiestWlhm

1. FBLJA World Lab. Project, CERN, CH-1211 Geneva Switzerland. DEHYDRATION OF PROTEIN POLYMERS IN CONCENTRATED NEMATIC
2. Dept. of Physics, University of Konstanz, D-7750 Konstanz, FRG. SOLUTIONS. I Reinhard Hentschke and Judith Herzfeld,

Department of Chemistry, Brandeis University, Waltham,
V7.1 Massachusetts 02254-9110.

TWO-COMPONENT GRAFTED POLYMER LAYERS T. A. Protein fibers (e.g., actinfilaments, microtubules, and
Witten University of Chicago, Chicago IL 60637 and S. T. Milner, sickle cell hemoglobin fibers), formed by the reversible
Exxon Corporate Research, Annandale NJ 08801. association of quasispherical protein monomers, contain

substantial solvent. At high concentrations, solutions of
these fibers become non-ideal due to interactions between

Polymers in a liquid often have strong effects on liquid-liquid and the elongated particles. One manifestation of this
liquid-solid interfaces. In this talk we consider the distinctive effects non-ideality is the spontaneous alignment of the fibers.

of polymers attached densely to such an interface by one end, so that Model calculations, involving simple intra- and inter-
each chain is obliged so elongate substantially. Such dense graft- aggregate interactions leading to polymerization and

ybe attained by adsorbing end-fuctionalized polymers[H. T. alignment, agree well with osmotic pressure measurements of
ing may bsickle cell hemoglobin solutions in the region of the phase
Taunton, C. Toprakcioglu,L. J. Fetters, and J. Klein Nature 332 712 transition. However, at higher concentrations the theory
(1988)] or copolymers [S. Granick, S. Patel, and M. Tirrell, J. Chem. cannot fit the experimental data unless solvent can be

Phys 85 5370 (1986)] to a solid surface, or at a polymer-polymer in- squeezed out of the fiber under stress. We find that a

terface[D. J. Kinning, K. I. Winey and E. L. Thomas, Macromolecules linear potential for fiber dehydration gives osmotic

21 3502 (1988)]. The stretched polymers endow the grafted layer with pressures results consistent with the experimental data.
Under these conditions, substantial fiber dehydration occurs

considerable stored free energy, making it resist bending, compression with increasing protein concentration beyond the alignment

and the entry of unattached chains, transition. This shows that particle interactions
sufficient to cause alignment are also sufficient to squeeze

In this talk we consider the effects on this high-energy grafted layer significant amounts of solvent out of sickle cell hemoglobin

when two immiscible grafted polymers are present. We discuss how fibers.

the segregation of the two species is influenced by the grafting con- 1. Supported by NIH grant HL-36546 and a fellowship

straint and by their relative molecular weights. to RH from the Deutsche Forschungsgemeinschaft.

V7. 2 V7. 5

LONG-RANGE INTERACTIONS AND RIGIDITY OF POLYMERS AND
SURFACES. Mehran Kardar, Physics Department, APPLICATIONS OF SCALING THEORIES FOR POLYMER ADSORPTION TO
Massachusetts Institute of Technology, Cambridge, MA PROTEIN PARTITIONING IN TWO-PHASE AQUEOUS POLYMER SYSTEMS.
02139. Nicholas L. Abbott, Daniel Blankschtein, T. Alan Hatton.

Department of Chemical Engineering, Massachusetts Institute
We examine1 the effects of long-range interactions, e.g. of Technology, Cambridge, MA 02139 USA.
Coulomb repulsions, in polymers and surfaces. An
important consequence of such interactions is a strong The ability of proteins to distribute unevenly between the
resistance to bending, which in many cases leads to phases of biphasic aqueous polymer systems is well established
macroscopically flat morphologies. Thermal fluctuations experimentally. In particular, the importance of protein
around the flat shape leads to a characteristic roughness size, phase-forming polymer size and polymer concentration has
exponent. Even screened Coulomb interactions can result been previously measured.
in large bending energies. For membranes we calculate the
dependence of the effective bending energy, and the Despite this large body of experimental data, a relatively

resulting persistence length, on the screening distance. poor understanding of molecular mechanisms causing the
This amounts to extending the concept of the "Odijk observed partitioning exists. An alternative to recent
length" from polymers to surfaces. statistical-mechanical and virial expansion type models to

describe characteristic features of protein partitioning in
IY. Kantor and M. Kardar, Europhys. Lett. 9, 53 (1989). two-phase aqueous polymer systems is proposed. The new

approach applies scaling concepts developed in polymer physics
V7.3 to the interaction of polymers with colloidal particles (i.e.,
STATISTICAL BEHAVIOR OF ELASTIC MEMBRANES. S. Leibler, proteins) to provide a computationally-simple yet molecular

thermodynamic description of the protein partitioning problem.
Service De Phys. Theorique, C.[.N.-Saclay, F-91190 The dimensional argunmnts capture the universal features of
Gif-Sur-Yvette, Cedex France. polymer solution behavior in simple analytic expressions, and

Polymerized membranes are two-dimensional objects built appear capable of describing characteristic features of the

with molecules tightly bound together. Simple examples experimentally measured protein partition coefficients.
are given by phospholipid bilayers with crosslinked
molecules, thin polymeric films or networks of proteins V7.6
forming permanent or temporary structures in a cell. PHASE BEHAVIOR OF NONIONIC AMPHIPHILE AND NONIONIC
Recently, these systems have attracted attention of POLYMER IN AQUEOUS SOLUTION. Klaus R. Wormuth,
theoretical physicists because of their rich thermodynamic Exxon Research and Engineering Co., Route 22 East,
behavior. When the elastic constants of a polymerized Clinton Township, Annandale, NJ 08801.
membrane (e.g. the bending modulus) are of order kBT, the
thermal fluctuations can induce various statistical A relatively unexplored area of research, the
phenomena such as crumpling transitions, buckling
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phase behavior of polymer and surfactant mixtures, two-dimensional substrate-free system. The theory on 2D XY
is systematically examined. Nonionic amphiphile transitions predict no sharp anomaly at the transition
(CiEj = CH3[CH 2 ]i-l[OCH2 CH2 ]jOH) mixed with temperature. Our experimental results on 4-layer film
nonionic polymer (polyethylene oxide) present disagree with this theoretical prediction.
richly varying phase behavior as a function of
temperature and composition when the molecular
weight of the amphiphile and polymer are changed. *Supported in part by a NSF grant
As the amphiphile is stretched from the
weakly-associating alcohol C4 E 1 to the V7.9
strongly-associating surfactant C8 E4 , miscibility DYNAMIC RIGIDITY PERCOLATION IN INVERTED
with polymer is greatly reduced. A qualitative MICELLES. RIGIDe PingOSheN S. BthRTED
description of the phase behavior is achieved by &uCgLLdS.J. n, D.A. Weitz, Ping Sheng, S. Bhattacharya, J.S.
treating the surfactant micelle as a polymer, and Huang and MJ. Highs, Ezon Research and Enginerin Co., Rt.
treating polymer-polymer interactions with a model 22E, Annandle, NJ 08801.
based on Flory-Huggins solution thermodynamics. We report the unusual viscoelastic properties of inverted nicelles of

V7. 7 AOT in decane. The volume fraction of the micelles, 0, can bevaried, while their radius remains fixed. There is a weak, short-
LAYERED LIQUID CRYSTALS AND SUPERCONDUCTORS: THE range attractive interaction between the miceles, and the character-
COMPLETE STORY. C. Srajer. R. Pindak, 1. W. Goodby, M. A. Waugh, istic times scale of this interaction, rc, determines their behavior.
AT&T Bell Laboratories. Murray Hill, NJ; and J. S. Patel, Bell On time scales long compared to rc, their diffusive motion ensures
Communications Research. Redbank. NJ. that the micelles are dynamically dispersed in the surrounding oil.

By contrast, on time scales short compared to rc, the micelles form
instantaneous, random clusters, which at sufficiently high 4, form a

The application of a twist distortion to a laverd. smectic-A liquid crystal phase connected network. These time-dependent correlations result in asnalogusthe application of a magneticstofield to a uper c onliquiducryoral phe surprising viscoelastic behavior in this relatively simple fluid. Wes analogous to the appltic fieldais etx field to a superconductor. In the account for the -dependence of the viscoelastic properties by meanslatter case the magnetic field is either expelled (type-l) or incorporated in a of a static effective medium approximation for an elastic composite.latice of flux lines (tpe-). Until now, this analog has been only partially We account for the frequency dependence of the viscoelastic proper-
fulfilled. because all known smectic-A materials displayed type-I behavior. ties through the parameters describing the micelle phase. The vari-

ation of these parameters also reflects the frequency dependence of
In this talk we report high-resolution x-ray and optical data on well aligned the correlations between the micelles. At high frequencies, the
samspies which unambiguously confirm the existence of a smectic-A phase micelle phase exhibits a solid-like behavior which supports shear at
exhibiting type-Il behavior, that is, rather than expel twist, the locally layered 0?0.2. This high-frequency rigidity of the surfactant micelle phase
phase incorporates it in a macroscopic helical structure involving an array of exhibits power-taw scaling with 4. We interpret this as dynamic
defects which are, presumably, screw dislocations. The resultant new phase is rigidity percolation.
referred to as a smectic-A 2

. Our optical studies confirm the helical structure
since aligned samples selectively reflect circularly polarized light. The pitch of V7.10
the helix is -0.4 gn, obtained by measuring the wavelength of the reflected PHASE SEPARATION IN A LIPID/WATER/UREA MICELLAI SYSTEM.
light. Furthermore. x-ray measurements demonstrate that, firstly, the layer ,ruce L. Carveiho, Department of Materials Science and
correlations extend, at least, 4000A and, secondly, the layers are oriented Engineering, M.I.T., Cambridge, MA 02139; Sow-Isin Chen,
parallel to the helical axis. Finally, detailed reciprocal space scans reveal that Department of Nuclear Engineering, M.I.T., Cambridge, MA
the scattering from the A* phase is consistent with that expected from the 02139; and John S. Huang, Exxon Research and Engineering

'Twist Grain Boundary" (TGB) phase recently proposed by Renn and Company, Annandale, NJ 08801
Lubensky3

. The TGB phase is the liquid crystal analog of the superconductor
Abnkosov flux lattice. It is well known (1] that the dioctanoylphosphatidylcholine

(diC8PC)/water system exhibits liquid-liquid phaseI. P.G. de Gennes, Solid State Commun. 10. 753 (1972). separation with an upper consolute temperature at around
2. JW. Goodby, et al. Nature 337, 449 (1989). Tc=46 C. We have found (2) that the consolute temperature
3. S.R. Renn and T.C. Luensky, Phys. Rev. A38, 2132 (1988). can be dramatically lowered by the addition of a small

amount of urea. The lowering of Tc ia found to be a linear
V7.8 function of the mole fraction of added urea. We compare
THERM4AL PROPERTY EVOLUTION TOWARD EFFECTIVELY TWO- the measured cloud point curves at various urea
DIMENSIONAL SUBSTRATE-FREE SYSTEMS.* R. Geer and C.C. Huanz, concentrations with a recent thermodynamic theory (3]. The
Dept. of Physics, University of Minnesota, Minneapolis, MN three basic parameters of this theory are: A#, the free
55455; R. Pindak and J.W. Goodby, AT&T Bell Laboratory, energy advantage of micellar growth; C, an effective free
Murray Hill, NJ 01974. energy of monomer-monomer interaction; and 7, the ratio of

the effective monomer volume to the volume of a water
A high-resolution free-standing liquid-crystal film molecule. This theory can be made to fit the cloud point
calorimeter has been developed to investigate the tempera- curves with a set of urea dependent parameters, A#, C and
ture dependence of the heat capacity of substrate-free 7. We also use small angle neutron scattering to obtain 4#
liquid-crystal films. We have observed a clear evolution of and static light scattering techniques to extract As, C and
the heat-capacity anomaly from the films of the liquid- 7 for the system diC8PC/heavy water/[urea=l Molar. These
crystal compound 650BC as the film are reduced in thickness two independent measurements serve as a teat of this recent
from 20 to 4 molecular layers near their bulk smectic-A- theory.
hexatic-B transition. Here 65OBC refers to n-hexyl-4'-n-
pentyloxybiphenyl-4-carboxylate. For the films with [i Tausk, R. J. M.; Overbeek, J. Th. G., Biophys. Chem.,
thickness between 5 and 20 molecular layers, a second tran- 2, 53(1974).
sition can be resolved about 0.5 K above the main transition
temperature. We propose that the higher-temperature transi- [21 Carvalho, B. L.; Briganti, G.; Chen, S. H., J. Phys.
tion signals an ordering of the surface layers of the films Chem., 93, 4282(1989).
while the lower-temperature transition involves an ordering [3) Blankschtein, D.; Thurston, G. M.; Benedek, G. B.,
of the interior layers. In contrast, the 4-layer films show Phys. Rev. Lett., 54, 955(1985).
a single and sharp heat-catiacity peak (FWHM - 200 mK)
without thermal hysteresis. This heat-capacity anomaly can
be described by a cusp-like power-law expression.
Experimentally, for the first time we demonstrate the
capability to measure heat-capacity anomaly in aneffectively
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V7. 11 this study was to shed some light on the bulk modulus-structure relation

THE STRUCTURE OF THE BORDER LAYER BETWEEN GEL AND WATER. in polymers of which very little is known.
Zenon Bochyiski, Non-Crystalline Materials Division, The bulk modulus was evaluated from ultrasonic wave velocity
Institute of Physics, Adam ickiewicz University, 60-780 measurements (at 8MHz using the conventional pulse method(l)),
Poznafi 2, Grunwaldzka 6, Poland. density measurements, and published data on the PDMS shear modulus

values at this frequency (2).
A system of silica gel-water of different degree of The bulk modulus was observed to go through a maximum at the critical
filling the gel structure with water molecules was molecular weight for chain entanglements, and then decrease as the
studied. A newly elaborated method of X-ray diffraction molecular weight is further increased. Density was also observed to
analysis was applied. This method is based on stage exhibit the same behaviour as a function of molecular weight. It is
approximation of the fol lowing structures, by suggested that because of the high tangled nature of the polymer structure,
differentiation of the radial distribution functions: beyond the critical molecular weight for entangelements, close packing is
- the structure of pure silica gels type SiO2 -R203, impossible. At higher molecular weights because of imperfect chain
- the structure of hydrated silica gels type packing, molecular forces, which fall of rapidly with increasing molecular
Si02. xH20-R203, separation are accout for the observed phenomenon. The magnitude of
- the structure of the border layer between water and polymer packing structure with respect to its molecular weight can be
silica gel type Si 02-H20-R203, and estimated from the known values of specific volume or density (3).
- the structure of pure water H20-R203. 1. Mason W. P., Physical Acoustics- Principles and methods,
The changes in structural parameters of gels dependent on Vol I-Part A, (Acdenic Press, N.Y. 1964)
the refinement of the gels grains and the degree of 2. Barlow A. J., Harrison G., and LambJ.,
thermal ageing were determined. In the next step, the Poc. Roy. Soc. Ser., A, 282 (1964)
structure and character of the border sorption layer 3. Broadhurst M. G., and Mopsik F. I.,
formed in the process of surface filling with water was 1. Chem. Phys., 52, 3634 (1970)
investigated. The structure of the border layer in the
process of formation of subsequent water absorption layers V8.3
was analyzed by the way of stage saturation. Structural SURFACE MODES ON CONCENTRATED POLYMER SOLUTIONS AND GELS.
parameters of the layers of water absorbed in the gels as James L, Harden and Philip A. Pincus, *.aterials
well as of the locally ordered/unbound/complexes of pure
water, were determined. The obtained structural Department, College of Engineering, University of

parameters enabled us to construct structural models of California, Santa Barbara, CA; and Harald Pleiner, FB

silica gels and the border layer between gel and water. Physik, Universitat Essen, D4300, Essen 1, F.R.G.

We present a coupled two-fluid model for surface modes on
VS.1 concentrated polymer solutions and swollen gels. This

INTERACTION BETWEEN GRAFTED POLYMERIC BRUSHES. model Is used to derive a surface mode dispersion relation
Gary S. Grest and Michael Murat, Exxon Research and Engineering and surface amplitude autocorrelation function in the

Company, Annandale, NJ 08801. limit of strong coupling. We discuss the effect of chain
diffusion and surface tension on the nature of these
modes.

Equilibrium properties of end-grafted polymers constrained be-
tween parallel plates as well as the force between such plates are VS .4
studied using molecular dynamics simulations. Polymers consisting MECHANICAL PROPERTIES OF CROSSLINKED SEMIDILUTE POLYMER
of 10 to 150 monomers are grafted randomly at an average surface SOLUTIONS NEAR AND FAR FROM THE GELATION THRESHOLD.
coverage of pa onto one of the two parallel plates immersed in a good C. Allain, Lab. FAST bat 502, Campus Universitaire

9TOOrusay Cedex FRANCE; L. Limat, Lab. Physico-chimie
solvent. p. is taken to be large enough to induce overlap and conse- Th6orique, ESPCI 10 rue Vauquelln 75231 Paris Cedex
quent stretching of the chains. For infinite separation of the plates FRANCE; and L. Salom6, CRPP. Chateau Brivazac 33600
and intermediate values of Pa, we find a monomer density profile in Pessac FRANCE
reasonable agreement with the parabolic form predicted by the self When a polymer solution is mixed with a crosslinker
consistent field theory of Milner et a/I. We also find that the density solution, various phases are formed depending on the

respective concentrations of the polymer and of theof the free ends is non-zero everywhere within the brush, in agreement crosslinker : sols, gels precipitates or inhomogeneous
with that theory. For separations smaller than the contact separation, gels. We have investigateA th theological properties of
we monitor these properties as well as the interpenetration of the the sols and gels formed at a constant concentration in

polymer (Hydrolysed Polyacrylemide for various
brushes and the force between the plates. We find that the amount concentration in crosslinker (Chromium 111). Using a
of interpenetration can be described by a simple scaling function for magnetic levitation sphere rheometer, we have measured
different values of N and Pa. The force vs. separation curves agree the voriations of the steady state zero shear viscosity

and of the steady state linear elastic modulus. A
well with the experimental results of Taunton eat a nd with the detailed spectroscopic study' has allowed us to determine
predictions of both the scaling3 and self consistent field' theories, the number of crosslinks formed in the same range of

polymer and crosslinker concentrations.

1. S. T. Milner, T. A. Witten and M. E. Cates, Maecromolecules 21, In the vicinity of the gelation threshold, the divergence
of the viscosity and the increase from zero of the

2610 (1988). elastic modulus have been interpreted in terms of
2. H. J. Taunton, C. Toprakcioglu and J. Klein, Macromolecules 21, critical behaviour. The values of the exponents have been

3r found in good agreement with the predictions of the3336 (1988). scaler percolation models. The prefactors and the width
3. P.-G. de Gennes, C. R. Aced. Sci. Peis 300, 839, (1985). of the critical region have been interpreted in relation

with the gelation of semidilute polymer solutions.

V8.2 Finally, the variation of the viscosity in the limit of
the very low crosslink concentrations has been related to

EFFECT 00 MOLECULAR WEIGHT ON THE HIGH FREQUENCY the concentration in crosslinks at the critical point.
BULrK MODULUS, OF WELL CHARACTERIZED I C. Allain and L. Salom4, in "Biological and Synthetic
POLY(DIMETHYLSILOXANE) POLYMERS. A- Shefer**, Polymer Networks., Elsevier Applied Science ; Amsterdam
J R. EmeryO, D. Durand*, M. Gottlib**, and G. Gorodetsky00, (1988)
OUniversile du Maine, Le Mans, France, and C. Allain and L. Salom6, Macromol., 20, 2957 (1987)
"*Bee-Gorion University, Beer-Sheva, 84105, Israel VS.5

Comparison of the high frequency bulk modulus of five well AGGREGATION IN BLOCK COPOLYER SOLUTIONS. . Olvera de
characterized linear poly(dimethylsiloxane) (PDMS) polymers indicates a uz , Department of Materials Science and. 01gneering,
that the bulk modulus is strongly affected by intermolecular spacing Nrthwstern University, Evanston, IL. 60208.
which is a consequence of polymer-polymer interaction. The objective of
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The ability to produce block copolymers has led to new We have recently developed methods for deriving the profile
materials with unique properties. The chemical connecti- structure of Langmuir-Blodgett (LB) lipid films having one to five
vity of incompatible blocks forces segregation to occur bilayers from x-ray diffraction data. For example, we have employed
at distances of the order of the block sizes. In block these techniques to determine the location
copolymer melts, the segregated domains form periodic of a monolayer of cy-
ordered structures termed microphases. Most block co- tochrome c, an important electron transfer protein, either electro-
polymers are strongly incompatible.. In such cases, in statically or covalently bound to the surface of various LB lipid films
order to ensure equilibrium microphase separated samples, via nonresonance x-ray diffraction. Furthermore, the location of the
the microphases are prepared from solution. Microphase heme-Fe atoms within the electron density profile of the cytochrome
separation in semidilute solutions of block copolymers c/LB lipid film was indicated to ±3A accuracy using resonance x-ray
in nonselective good solvents is analyzed. The solvent diffraction. To further characterize this system, opticsl linear dichro-
effects on the thermodynamics in the weak segregation
limit are discussed. The transitions between microphase ism was used to determine the orientation of the cytoclrome c heme
morphologies as a function of block copolymer concentra- group relative to the plane of the surface.
tion are studied. The analysis is extended to describe
local aggregation in randomly cross linked A and B chains Cytochrome c molecules have also been bound covalently to self-
in non-selective good solvent, assembled monolayers of trichlorosilylundecyl thiol. We have under-
v8.6 way x-ray scattering and electron transfer kinetics experiments on

MICELLIZATION OF TRIBLOCK COPOLYMERS WITH POORLY these cytochrome c monolayers and on the complexes they form with
SOLVATED END BLOCKS N.P. Balsara, M. Tirrell, T.P. Lodge, associated electron transfer proteins. X-ray interferometry techniques
University of Minnesota, Minneapolis, MN using monolayers of these protein complexes bound to the surfaces of

synthetic inorganic multilayer substrates are under investigation as a
The present work is aimed at exploring the possibility of micellization of means of directly determining the structure of the protein complexes.
ABA triblock copolymers in solvents that preferentially dissolve the middle
block. Spherical micelles in these systems would consist of a core V8.9
zontaining A blocks, surrounded by loops of B blocks. The existance of
this microstructure has not yet been proved. In fact, the absence of micelles DOMAIN SHAPE INSTABILITIES IN A TWO-DLMENSIONAL
in these systems has been reported by a number of workers. Dynamic light BINARY FLUID M-XTURE: EPIFLUORESCENCE
scattering measurements on solutions of polyvinylpyridine-polystyrene- MICROSCOPY AND DIGITAL IMAGE ANALYSIS. M. Seul and
polyvinylpyridine in toluene indicate that these systems can form micelles. M.J. Sammon, AT&T Bell Laboratories, 600 Mountain Ave.,
It is found that the length of the middle block (polystyrene) has a large
influence of the rmcellization characteristics. Murray Hill, NJ 07094.

V8.7

X-RAY REFLECTION AND SCAT TERING STUDIES OF THE WATER- A series of domain shape instabilities in a binary fluid mixture of

VAPOR INTERFACE. D.K. Schwartz. M.L. Schlossman, E. Kawamoto, surfactants confined to an air-water interface has been

G. Kellogg, P.S. Pershan (Department of Physics and Division of Applied investigated by means of epifluorescence microscopy. The

Sciences, Harvard University, Cambridge, MA 02138), and B. M. Ocko, formation of domains of finite extent in this surfactant monolayer
(Department of Physics, Brookhaven National Laboratory, Upton, NY is the result of a competition of short-range attractive (vdW) and
11973) long-range repulsive (dipole-dipole) interactions which leads to the

appearance of modulated phases in a variety of condensed matter
To test predictions relating the RMS width of the water-vapor interface to systems. Digital image processing techniques have been employed

thermally-excited capillary waves, 1 we have measured both the x-ray to perform a spectral analysis of domain wall configurations,
revealing characteristic signatures of the shape instabilities and

reflectivity from the water surface and diffuse scattering away from the permitting the study of shape fluctuations. The nature of the

specular reflection. Surface tension y and water cleanliness were measured instabilities is discussed in light of current theoretical models.

in situ on a Langmuir trough in a vapor-controlled environment. The VS 10
prediction for the RMS surface roughness is 02- (kBT/2wy)In(qm5 x/Aq), X-RAY REFLECTIVITY OF A LONG CHAIN FATTY ACID

where qn, is an upper cutoff of the order of 7t/(molecular radius) and Aq is MONOLAYER AT THE WATER/VAPOR INTERFACE. M.L

determined by the spectrometer resolution. We measured this roughness by Schlossman, D.K. Schwartz, E. Kawamoto, G. Kellogg, P.S. Pershan
(Department of Physics and Division of Applied Sciences, Harvard

means of specular reflectivity at three values of Aq and obtained excellent University, Cambridge, MA 02138).

agreement with theory with the single free parameter /qmax = 1.45 A. By

comparison, the radius of the water molecule is 1.93 A. We measured the X-ray reflectivity of Lignoceric acid (CH 3(CH 2)22CO 2H) at the vapor/water

scattering at wave-vectors corresponding to these capillary waves and (pH = 2 using HCI) interface was measured at room temperature from the

obtained line shapes in excellent agreement with theory with no free critical angle to Qz = 0.6 A-1 (where Qz is the transferred momentum

normal to the interface). A measurement of surface pressure vs.

area/molecule (from 17 to 30 A2/molecule) exhibits one flat region in the
IA. Braslau, P. S. Pershan, G. Swislow, B. M. Ocko, J. Als-Nielsen, isotherm. The reflectivity, which is related to the derivative of the electron

Phys. Rev. A, Vol. 38, p. 38, 1988. density normal to the interface, was measured throughout the isotherm.

Work supported by the National Science Foundation under grants NSF- Preliminary analysis allows a determination of the electron density in the
DMR-88-12855 and NSF-DMR-86-14003. tail-region, the overall thickness of the monolayer, and the electron density

V8.8 in the head group. Changes in the electron density in the head group as a
X-RAY STUDIES OF CYTOCHROME C MONOLAYERS BOUND TO function of pressure were observed. The overall thickness of the monolayer
LANGMUIR-BLODGETT FILMS AND SELF-ASSEMBLED MONOLAYERS.

J.M. Pachence, S. Amador, and J.K. Blasie, Chemistry Department, increases with increasing pressure. Perhaps the most striking observation is

231 South 34th Street, University of Pennsylvania, Philadelphia, PA that, for the highest pressures, the head group region gets thicker, indicating
19104. that the head groups rearrange normal to the interface.
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Work supported by the National Science Foundation under grants NSF- VS.13
DMR-88-12855 and NSF-DMR-86-14003. Radial Creeping Flow Between Parallel Disks of Rod-Like Nemadc Liquid

Crystals: Textures and Instabilities. Alciandro D. Rey, Department of

V8.11 Chemical Engineering, McGill University, Montreal, Quebec, Canada
H3A 2A7.

STUDY OF FATTY ACID MONOLAYERS DEPENDENCE ON
CATIONIC INTERACTIONS BY ELLIPSOMETRY Mahn Won Three similarity solutions of the Leslie-Ericksen equations for low molar
Eia, Exxon Research and Engineering Company mass rod-like nematics are obtained for pressure-driven radial out-flow
Rt. 22 East Annandale, NJ 08801, and Bryan B. between concentric parallel disks. There are two competing hydrodynamic
Sauer, Hyuk Yu, Mehran Yazdanian and George effects: extensional flow ( strongest at the centerline) and shear ( strongest
Zografi, Dept. of Chemistry and School of near the bounding surfaces). At low pressure drops the in-plane orientation
Pharmacy, Univ. of Wisconsin, Madison, WI 53706 is stable and the centerline orientation is in the direction of flow. The

relaxation of this mode after cessation of flow is of the order of seconds.
As the pressure drop is increased an orientation instability sets in. The

Fatty acids monolayers with chain lengths of elongational torques twist the material out of the flow plane; rigth anf left
15, 16, 18, and 22 carbons were studied on aqueous rotations are possible. The mechanism is analogous to the magnetic
substrates containing hydrochloric acid, cadmium Frcedericksz transition with the character of a second order phase transition.

chloride, and lead chloride using a phase Since the elongational torques weaken as distances from the axis of the
modulated ellipsometry instrument. The change in disks increase there is a critical radius at which in-plane and out-of-plane
ellipsometric phase angle 6A was found to be orientational modes met. The relaxation after cessation of flow is of the
linearly dependent on chain length with the same order of minutes for the out-of-plane modes. There is a second critical
coefficient for all three cations whereas the pressure drop at which the orientation returns back to the flow plane. This
magnitude of 6A was shown to be different. The transition is analogous to the cholesteric-nematic transition in the presence
proportionality constant with respect to chain of a magnetic field. The new mode is oriented in the direction of flow at the

length was modeled in terms of the refractive centerline. The relaxation after cessation of flow is effected by the

index contributions of the hydrocarbon tails, nucleation of disclination line defects. The time scale is of the order of half-

giving thicknesses in agreement with those hour. The relaxation is analogous to nucleation and growth in a first order

obtained by other techniques. The magnitudes of phase transition.
6A were analyzed in terms of film refractive index
anisotropy, whereby our results were shown to be V9.1
consistent with anisotropic refractive indices DYNAMICS OF MIXTURES OF INTERACTING COLLOIDS US-
obtained by other methods. They were also ING DIFFUSING WAVE SPECTROSCOPY Xia Qiu 2,- H. D.
uxamined relative to pH values and cation O Dr
concentration, and the results are discussed in ou-Yane, D. A. Weitz', D. J. Pine' and P.M. Chaiki., University

terms of a refractive index increase due to the of Pennsylvania, 2Exxon Research and Engineering Co., -Lehigh Un-
interaction of carboxylates with divalent cations. viersity, 4Haverford College, 6Princeton Unviersity

V8.12 In the strong multiple scattering regime, the photon intensity auto-

ELECTROHYDRODYNAXIC FLOW DYNAMICS IN THIICI LIQUID correlation function depends on an average of the dephasing caused
CRYSTAL CELLS. David H Van Winkle* and Jit by the motion of the component species. We report on how data
Gurung#, Departm-ent of-PhysicsForida State for mixtures of colloidal particles can be deconvoluted to obtain the
University, Tallahassee FL 32312, and Rand dephasing from one of the species (and therefore the mean square
Biggers, Naval Coastal Systems Center, Panama City
FL 32407 displacement as a function of time for this species) when the motion

of the other species and the mean free paths are known. The sys-
High voltage, low frequency AC electric fields are tem under consideration consists of a few large spheres suspended in
used to induce hydrodynamic flow in 1.3 cm diam. a seaof muchsmaller spheres which are either Brownian or strongly
X .63 cm thick cylindrical cells, of
methoxy-benzilidene-n-butylanaline (MBBA). MBBA interacting and crystalline or glass like.

has a negative dielectric anisotropy and a
positive conductivity anisotropy. In thin liquid V9.2
crystal cells, the effects of an AC electric field GRAVITY EFFECT ON WEAKLY CONCENTRATED GEL PHASES.
on the sample are reasonably well understood. C. Allain, Lab. FAST Bat. 502 Campus Universitaire
Below a critical frequency, flow cells which are 91o5!'ray Cedex TRANCE; ana C. Amiel, Lab.
Williams domains, form above a critical voltage. Physico-chimie des Biopolymeres, CNRS 2-8 rue H. Dunant
Above that frequency, molecular reorientation 94320 Thiais FRANCE.

without flow develops above a critical electric The nature of the phases formed by copolymerisation of
field. When flow cells are established the bi- and quadri- functional monomers depends on the

different concentrations in monomers. If one or the other
thermal transfer rate of the samples is enhanced of these is low, the macromolecules at the end of the
This enhancement has been studied for driving chemical reaction have a finite size and a sol with a
frequencies ranging from 20 to 720 Hz, with viscous behaviour is formed. On the other hand, if the
maximum enhancement observed at 130 Hz. Both the two concentrations are large enough, an infinite network
threshold voltage for onset of flo ad th flo extends through the medium and a gel exhibiting an

flow and the flow elastic behaviour is formed. In disagreement with this
patterns as a function of voltage and frequency simple scheme, we have observed that between the two
have been studied using image processing domains where sole and gels are formed, there exist a
techniques. Results correlating the optical range of concentration in which the samples exhibit a
obervtioes wits the pretiously measephase segregation with a viscous zone ;laying above an
observations with the previously measured elastic one. In order to elucidate the origin of this
effective thermal conductivity enhancement will be phenomenon, we have performed a rheological study as a
presented. function of the total monomer concentration keepin

constant the ratio of the concentrations in quadri- ang
• Supported by an ASEt-OUR Summer Faculty Research hi-functional monomers.

Fellowship and the Center for Materials Research In the intermediate range, we have observed that the
and Technology at Florida Sttheological properties do not reach an equilibrium value

even when the time elapsed from the sample preparation# Supported by an NSF Undergraduate Summer largely exceeds the achievement of the chemical reaction.
Research Fellowship, permanent address Davidson In the range without segregation, the variations of the
College, Davidson, NC 28036. viscosity and of the elastic modulus measured at the end

1gof the chemical reaction versus the total monomer
concentration, c, have been interpretated in terms of
scaling behaviour and fitted with ic-cel power laws. The
determination of the critical concentration cc performed
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independantly on the viscous points and on the elastic In previous work we have reported the effect of OH-grouppoints has lead to a single value of cc equal to the on the attenuation of silica optical fiber preforms. Iniower bond of the intermediate range of concentrations,showing that the phases with segregation are gel phases. this paper we report the effect of pH and temperature on
the rate of hydrolysis and condensation reactions. Sili-Moreover, an estimate of the sedimentation kinetics and a cate prepared from hydrolysis of tetramethoxysilane incalculation of the deformation of the polymer networkunder its own weight, which is governed by the osmotic methanol-water mixture, using a(-picoline as a DCCA. Ty-

longitudinal modulus, allows us to conclude that the pical values of pH started slighty above 7 and drop togravity is at the origin of the segregation observed in the range of 4 as the hydrolytic polymerisation proceeds.weakly concentrated gel phases near the gelation criticalpoint. Several instrumental limitations are posed to the use of
typlical methods of pH measurements.

V9. 3 As expected the pore size distribution for silica gels ishighly dependent on the gelation temperature and aging.
A COMPUTER MODEL FOR THE AVERAGE "CLUSTER" SIZE
IN POLYMER AGGREGATES. A. C. Balazs, J. Y. Hu, S. V9.6
Lewandowski, A. P. Lentvorski and C. Lantman-, Materials SIMPLE THEORY FOR PERSISTENT-FLEXIBLE LIQUID CRYSTAL
Science and Engineering Department, University of Pittsburgh, POLYMERS BEYOND THE SECOND VIRIAL APPROXIMATION.'
Pittsburgh, PA 15261, *Mobay Corp., Pittsburgh, PA 15205- Reinhard Hentschke, Department of Chemistry, Brandeis
9741 University, Waltham, Massachusetts 02254-9110.

We have developed a computer simulation, in three- Khokholov and Semenov 2 have proposed a theory for long
dimensions, for the reversible diffusion-limited aggregation of persistent chains that quite accurately describes the liquid
triblock amphiphilic polymers. In this model, both ends of the crystalline behavior of dilute solutions of long homogeneous
chain represent the terminal hydrophobic groups, while the bend-elastic macromolecules. In this work, the KS approach
backbone of the chain is hydrophilic. In aqueous solutions, is extended by replacing their second virial description ofsuch chains self-assemble to form extensive aggregates. excluded volume effects by Lee's generalization of the
Within these aggregates, the hydrophobic segments are Carnahan-Starling equation. This yields results for the
grouped together in "clusters". Through these simulations, we order parameter and the equation of state for
examine how the average cluster size varies as the number of persistent-flexible polymers which are valid over a wide
chains in the aggregate increases and as the lifetime of the range of polymer concentrations. Comparisons with
association between these hydrophobes is varied. Since values experimental data yield excellent agreement for large
for the average cluster size have, at present, not been polymer axial ratios, where rigid particle theories deviate
attainable through laboratory experiments, these computer strongly from the experimental results.
experiments play an important role as a predictive tool.

1. Supported by NIH grant HL-36546 and a fellowship
V9.4 to PJI from the Deutsche Forschungsgemeinschaft.

PGSE-NMR f SANS FROM TPB BASED. MICROEMULSIONS. 2. A. R. Khokholov and A. N. Semenov, Physics 108A, 546Paul M. Lindemuth. Department of Chemistry, University of (1981); 112A. 605 (1982).
'.lissouri-Rolla, Rolla. MO; Boualem Hammouda Research
Reactor Facility, University of Missouri, Columbia, MO; 3. S. Lee, J. Chem. Phys. 87, 4972 (1987).
Joseph R. Duke, Department of Chemistry, UMR; Frank D.
Slum, Department of Chemistry, UMR; Raymond L. Venable, V9.7Department of Chemistry, UMAR. THE EFFECT OF PRESSURE ON THE CRITICAL TEMPERATURE OF FOUR-

Small angle neutron scattering (SANS) and pulsed-gradient COMPONENT MICROEMULSIONS. J. and T.K. Bose, Univer-spin-echo (PGSE) NMR are used to investigate the inverse sit6 du Qubec A Trois-Rivi res, Trias-Rivi~res, Canada,
microemulsion region of the phase diagram of the G9A 5H7; J. Thoen, Katholieke Universiteit Leuven, 3030
tetradecylpyridinium bromide (TPB) - 85. heptane/159 Leuven, Belgium; J.R. Lalanne, Centre de Recherche Paul
pentanol - water system. Observations of the self -diffusion Pascal, 33405 Talence, France.
coefficients for water via PGSE-NMR show several distinct
transitions within the water-in-oil (w/o) region, one of Four-component microemulsions composed of n-decane, water,
which involves the ordering of compact closed structures n-pentanol and sodium dodecylsulfate (SDS) with critical
into a percolating network prior to the onset of points on a line, show large deviations from Ising behavior
bicontinuous morphology. Conductivity measurements were near a critical end point (CEP) on the critical line (1).
used to corroborate judgements based on the NMR data. A Refractive index anomalies recently reported (2) for these
smaller isotropic region proximate to the lamellar liquid microemulsions are also not Ising-like and could not becrystalline region exhibits a complete inversion of phase characterized in a satisfactory way in terms of power-law
relative to the w/o region. expressions.

SANS measurements have been performed on TPB based In this paper we present data for the pressure dependence
microemulsions containing D2 0. A simple model assuming of the critical temperature (dTc/dP) for several of thesespherical aggregates interacting with a hard sphere microemulsions. For all the microemulsions investigated
potential has been use%. to extract aggregate (heavy water * so far, negative dTc/dP values, substantially decreasing
Stern layer) sizes and packing fractions. A clear transition near the CEP, are obtained.
from the isolated aggregate scattering regime to the
interaggregate dominated scattering regime has been From the negative sign of dTc/dP it can be concluded that
observed as the heavy water concentrations were increased if there is any critical contribution of a density anomalyfrom approximately 5 to 250 by weight. to the refractive index n, it must be opposite to the anom-

V9.5 aly for n recently reported by Rebbouh and Lalanne (2). On
the basis of two-scale-factor universality, combiningdTc/dP

SOL-GEL SILICATE FORMATION - pH AND TEMPERATURE DEPENDENCE. with correlation-length critical amplitudes, we also find
Anselmo M.Elias, Maria E. Elias and Maria M. Nunes, Chemis- that a density anomaly is very likely unobservable experi-
try Department, Lisbon University, Campo Grande, CI - 59, mentally.
1700 Lisboa, Portugal.

(1) A.M. Bellocq, P. Honorat, 0. Roux, J. Phys. (Paris) 46,
The optical and physical properties of produced gels and 743 (1985).
finished preforms are strongly dependent on sol-gel pro- (2) N. rebbouh, J.R. Lalanne, J. Chem. Phys., 90, 1175
cessing conditions. (1989).
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V9. 8 V9. 10

THE MECHANICAL PROPERTIES OF THIXOTROPIC GELS AND THEIR ATOMIC STRUCTURE OF ALLOY-PARTICLES OBTAINED AS
EFFECT ON ATTENUATION IN OPTICAL FIBER COMUNICATION COLLOIPAL SUSPENSIONS. Gabrtieta Diaz, Robe'tto
CABLES. C. R. Taylor, Bob J. Overton, AT&T Bell Hetndndez, Laura Cabre'ra and Migu~e Jof Vasa--
Laboratories, Norcross, GA. mdn, In6tituto de Fia£ca, U.N.A.M. Apartado P06

A colloidal gel typically is a semi-liquid substance , 01000, Mtxico, P.F.

comprising a thickening agent in a liquid carrier. All Smat bmetaLic pattcte6 (Au-Pd, Pt-Rh, Pt-1t
types of gelling agents form network structures in which and Pt-Ru), wake prepa. ed a6 cotoi.dat 6ot6. The
the carrier is held by capillary forces. When a low particae6 weie anatzzd uing HLgh %e6oution
stress is applied to a gel the material acts substantially Eecfton Micto~copy, X-4ay mic'Loanat£6£6, enetgy
solid-like, but if the stress is above a critical value to6a and microdijd;action. The 6hape and 6£ze
the material flows and the viscosity decreases rapidly, a oj the pattictes waa cont-oted by the p'epata--
behavior frequently described as thixotropic. tion conditiona. We 4eport a 6£6tematic 6tudy

oj the diijetent particLe 6hape6, that can be
Colloidal gels have been used as communication cable produced. it i6 ound that a highe4 proportion
filling compounds. In optical fiber cables it is o6 the patticUe have ttanguta4, ico6ahedtat ok
essential that, in addition to waterblocking, the filling decagonat 6hape. High te6obt on micro6copy --
gel maintain the optical fibers in a low stress state so 6howa that the wut'Lace oj the pakt.ce6 i.6 &oughe'L
that signal attenuation is minimized. While the shear than that oj 6imitar patticte6 obtained by vacuum
modulus has been considered the prime variable for evaporation. The %oughne66 o6 the plLecipitated
optimizing performance of optical fiber cable filling particae might haa £nteLe.6ting con6ecuenc..e dok
compounds, we find that a further parameter must be it6 catat.itic pope'tie6. it i 4hown that ---
controlled. This parameter is the critical stress at attoy6 ake obsek.ved in mo6t cabe6.
which the gel yields.

V9. 11
We develop a simple, experimental approach to evaluate the MICROSCOPIC STRUCTURE AND DYNAMICS OF CONFINED POLYMER
appropriate particle content for a fumed silica/mineral MELTS. loannis Bitsants, Department of Chemical Engineer-
oil fiber optic cable filling gel, a content that provides Lng, University of Florida, Gainesville FL and eorge
a low critical yield 'stress while maintaining other in, nvest of loda, es vcle, Fan eor e
desirable properties such as low temperature mechanical Nadziioannou, IBM Almaden Research Center, San Jose, CA.
characteristics and very low oil syneresis. Further, we We performed a series of equilibrium and flow molecular
establish the relationship between the critical yield dynamics simulations of dense polymer melts confined be-
stress (and strain) of a filling gel and the transmission tween structureless, planar walls.
performance of the encapsulated optical fibers.

The melt density varied in an oscillatory manner next to
V9. 9 the solid walls. The effect of the solid surface on the

melt density was screened after 2-3 molecular diameters
ELECTOSTATIC AND SCREENING EFFECTS ON THE DYNAMIC and the layering of the polymer segments was found to be
ASPECTS OF POLYBLECTROLYTE SOLUTIONS: much weaker than that observed in simple fluids as a re-
"POLY(P-PHENYLENE VINLENE) PRECURSOR IN ME'TANOL" sult of the limitations imposed by the segment connecti-
H. Mattoussi, K. H. Langley, F. E. Karam, Polymer Science vity. The effect of the wall on the shape of individual
Department, University of Massachusetts, Amherst, MA chains was similarly restricted to the portions of the

chain in the immediate wall vicinity. Chains in the wall
We present a QELS study of a synthetic vicinity were strongly shrunk in the direction normal to

polyelectrolyte compound: Poly(p-phenylene vinylene) the wall and slightly swollen in the two directions paral-
derivative dissolved in methanol. The dynamical aspects lel to the wall.
of these solutions are found to be strongly dependent on
whether, or not, we have added small ions. For salt-free The mobility of the chains in the direction normal to the
solutions, we measured two different diffusion coefficients, wall was reduced significantly and the effect was more
Dc and Ds, attributed respectively to cooperative and pronounced in the presence of strong wall-segment attrac-
center of mass motions. The small value of the tion. The mobility parallel to the walls was only slight-
hydrodynamical correlation length IN, deduced from Dc, ly affected even for chains in the immediate wall
reflects the large interpenetration of polyions in salt-free vicinity. Finally, the maximum relaxation time of the
solutions. The chains are, consequently, highly expanded chains was quite insensitive to the presence of the solid
even though not rod-like in shape. The addition of even surfaces and the effective viscosity of strongly confined
a small amount of sodium chloride progressively modifies oligomers was found to retain essentially its bulk value
the solution's behavior. First we measured only one up to pore widths only three segment diameters wide.
diffusion coefficient when c$ exceeds a certain threshold.
The effective diffusion coefficient measured for these V9. 12
solutions depends both on the ionic strength and the
polymer concentration. The type of variation of Df€ MOLECULAR DYNAMICS STUDY OF PHASE STRUCURE IN BINARY MIXED

versus cp and versus c$, ia compared to previous work COLLOIDS. Raymond D. Mountain. NIST. Galthersburg. MD

achieved on either polyslectrolytes and ionomers materials 20899; and D. Thirvmalai, University of Maryland. College

or on micelles.(0) The set of data are also quantitatively Park. MD 20742.
compared to theoretical considerations as the electrostatic
modl.(3,1) The results of a series of molecular dynamics simulations

of binary mixtures of colloidal particles Interacting via

1. M. Won Kim, D. 0. Peiffer, J. Cham. P"y., 8, 4159 pairwise additive potentials of DVLO type are reported.

(1985). The parameters for the potentials were chosen to be

2. P. Doherty, 0. B. enedek, J. C . Phyv., El, consistent with realistic systems. We have varied the

5426 (1974); and ref. included, composition and volume fraction and have determined the

3. S. 0. Lin, W. L. Lee, J. M. Schurr, Uopolyzra, resulting phase structure of the mixtures.
17, 1041 (1978).

We find that liquid, crystalline, and glassy states are

possible, depending primarily on the volume fraction. The
importance of the factor In the interaction resulting from

the finite size of the colloids is illustrated by comparing
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results obtained with and without this term. It is found V10.2 ABSTRACT NOT AVAILABLE
to be very important for interesting conditions. This
confirms other results obtained by analytic and simulation V10.3
methods. SIMULATIONS OF CONTACT LINE MOTION: SLIP AND THE

This approach is useful for static properties but Is unable DYNAMIC CONTACT ANGLE.- Mark Robbins and Peter Thomp-to describe time correlated properties since the son, Dept. of Physics and Astronomy, The Johns Hopkins University,
hydrodynamic interactions between the colloids is missing. Baltimore, MD 21218.
The status of this currently active research topic will be
reviewed. The usual no-slip boundary condition of hydrodynamics leads to di-

vergences in the stress and energy dissipation when the contact line
V9. 13 between a fluid interface and a solid moves. Since the measured dis-

sipation is finite, either the no-slip condition or hydrodynamics mustWEIGHTED-DENSITY THEORY OF PHASE TRANSITIONS IN break down. However, experiments have been unable to determine theFLUIDS COMPOSED OF ANISOTROPIC PARTICLES. Tnhn F_ source of this breakdown since all theories predict the same behavior
Marko, The James Franck Institute, The University at large distances from the contact line.
of Chicago, Chicago, IL 60637; and W. A. Curtin, We present results of detailed Molecular Dynamics simulations for a
BP Research & Development, 4440 Warrensville
Center Road, Cleveland, OH 44128. single fluid and two immiscible fluids confined between solid walls and

sheared in a Couette geometry. A wide range of shear rates and wall
A nonperturbative approach to the density- and fluid properties were studied. Little or no slip occured at the solid
functional description of phase transitions in walls in single fluid simulations. However, at strong wall-fluid couplings
fluids composed of anisotropic particles is or equal wall and fluid densities epitaxial ordering was induced in the
presented. Based on the weighted density approach first few fluid layers. This locking leads to jerky stick-slip dynamics in
developed for systems with spherically symmetric these layers.
interparticle interactions (1], this theory is Steady-state velocity fields and interfaces were obtained in two fluid
exact to second order in density deviations from simulations. Changes with capillary number in the interface shape and
the isotropic phase, and at higher orders exactly dynamic contact angle were consistent with experiment and macro-
satisfies all sum rules that can be expressed in scopic theory. Computed velocity fields showed that the usual no-slip
terms of the two-body direct correlations, boundary condition broke down within about two atomic spacings from

the contact line. This slip appeared to be associated with the breakThis theory has been applied to the description of down of local hydrodynamics at atomic scales: Microscopic results for
Phase transitions in hard-particle fluids. The the pressure-stress tensor differed from the Navier-Stokes expressiondescription of the structure of ordered phases
near crystallization transitions is greatly in the slip region. We attribute this to non-local contributions to the
improved in comparison to the commonly used stress from all atoms within the range of interactions. These non-local
second-order theory. For transitions to the effects only become apparent when velocity gradients vary on atomic
nematic phase, it is found that the higher-order scales.
contributions do not modify the predictions of the *Supported by the National Science Foundation Grant No. DMR-
second-order theory. Accurate two-body liquid 8553271.
structure appears to be the key factor leading to
an improved description of the nematic phase. V10.4

QUASIPARTICLE MEDIATED MELTING IN TWO DIMENSIONS. M.A.
[3( W. A. Curtin and N. W. Ashcroft, Phys Rev A Glaser and N.A. Clark. Department of Physics, University32, 2909 (1985); A. R. Denton and N. W. Ashcroft,

Phys. Rev. A 39, 4701 (1989). of Colorado, Boulder, CO 80309.

V10.1 We show, using computer simulation and two-dimensional (2d)
colloids, that the 2d simple liquid local structure is a

WHAT CAN WE LEARN FROM COMPUTER SIMULATIONS OF tiling-like mosaic of square and triangle lattice. This
MACROMOLECULAR LIQUIDS? Gary S. Grest, Exxon structure is obtained in a model where in the 2d melting
Research & Engineering Company, NJ 08801. transition is a quasiparticle (QP) condensation in which

the QP's are square lattice cells condensed by atttactive
I will describe how computer simulations short range interactions into tiling structures.
techniques, particularly molecular dynamics, can
be useful for investigating the static and dynamic Supported by NSF DMR 8512071.
properties of macromolecular liquids. For
polymeric systems, I will show how simulations can V10.5
be applied to study a wide variety of systems,
such as linear, ring and star polymers from the INTERACTIONS BETWEEN CHARGED MACROIONS IN SOLU-
dilute, single chain limit to a dense melt TION." M.J.Stevens and M.O.Robbins, Department of Physics and As-
consisting of many long, entangled chains. For a tronomy, The Johns Hopkins University, Baltimore MD 21218.
dense polymer melt , I will present our recent
resultsl which cover the entire regime from the For small counterion densities, interactions between charged macroions
non-entangled regime (Rouse) to highly entangled in solution have bean effectively characterized by the Poisson-Boltzmann
regime (reptation). The resutla indicate that the Equation (PBE). However, at sufficiently large densities, interactions
reptation model provides a very good description between counterions are no longer negligible and the PBE breaks down.
of the dynamics of the chains in the entangled Monte Carlo (MC) simulations and hypernetted chain (HNC) calcula-
description of the dynamics of short chains tions for parallel charged plates show that the interaction may change
Extensions of the technique to study polym r from repulsive to attractive in this limit. We have developed a simple
networks and surface phenomena will also be local density functional theory that incorporates the strong correlations

discussed. at high counterion densities, and is equivalent to the PBE at low den-
sities. Like more complicated MC and HNC calculations, our theory

1 K. Kremer, G. S. Grest and I. Carmesin, Phys. gives attractive interactions at high densities. We find the origin is col-
Rev. Lott. i1, 566 (1988); K. Kromer and G. S. lapse of counterions on to the plates when a critical density is exceeded.
Grest (to be published). We have also performed complementary MC simulations of counterions

and spherical macroions in solution. As expected from the analytic
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theory, counterions collapse onto the macroions at high densities, assembling systems which fully accounts for the coupling
"Supported by the National Science Foundation Grant No. DMR- between these distributions. A phenomenological description
8553271. of aggregate assembly is utilized in conjunction with a

scaled particle calculation of the configurational entropy
V1O.6 of the polydisperse system. The interparticle potential is

modeled as a hard-core surrounded by a short-range repulsive
THE EFFECT OF HYDROSTATIC PRESSURE ON LIQUID-LIQUID step. Translational order is incorporated by imposing cell
PHASE SEPARATION IN MICELLAR SOLUTIONS OF C8- boundaries in the relevant dimensions, an approach thatLECITHIN AND WATER K. Helmerson, P. Schurtenberger, G.M. gives good agreement with Monte Carlo results for

Thurston, T. Kushida. S. Angehrn and G.B. Benedek, Department of monodisperse systems. 2 We compare the calculated phase
Physics and Center for Materials Science and Engineering, MIT, behavior with experimental data and report model results for

the temperature and concentration dependence of the
Cambridge, MA aggregate size distribution, the orientaltional order

parameter, and the periodicity of translational ordering.

We report measurements of the location of the coexistence curve for
binary liquid phase separation and of the hydrodynamic radii of micelles 2 M. P. Taylor, R. Hentschke and J. Herzfeld,
in solutions of C8 -lecithin and water, at hydrostatic pressures between 1 Phys. Rev. Lett. 62, 800 (1989).
atm and 800 atm. We find that increased hydrostatic pressure
dramatically reduces the critical temperature Tc for liquid-liquid phase V1o. 9
separation, by approximately 230K over the 800 atm range. The REEXAMINATION OF OSMOTIC PRESSURE MEASUREMENTS IN SELF-
hydrodynamic radii of the C-lecithin micelles, at dilute amphiphile ASSEMBLING SYSTEMS. S. Puvvada and D. Blankschtein,

concentration, remains constant as a function of the applied pressure. We Department of Chemical Engineering, Massachusetts Institute

interpret our experimental findings in terms of the pressure dependence of of Technology, Cambridge, MA 02139 USA.

two phenomenological parameters, C and Ap, which govern the strength The peculiarities of membrane osmotic pressure measurements
of intermicellar interactions and the extent of micellar growth, in self-assembling systems such as micellar solutions will be

respectively, withinaGibbsfreeenergymodelIofmicellarsolutions. discussed. It will be shown that in certain cases these
measurements can yield the weight-average micellar molecular
weight, MN, instead of the conventional number-average
micellar molecular weight, M.. The implications of this

IDBlankschtcin.G.M.Thurswn andG.B. Benedek, J. Chem. Phys.3 5:7268(1986) rather striking result for the evaluation of the degree of
polydispersity, a - ,/M., and the associated extent of

VlO.7 micellar growth in micellar solutions will be examined. In
this respect, a reexamination of membrane osmotic pressure

MOLECULAR-THERMODYNAMIC FRAMEWORK TO PREDICT MICELLIZATION, measurements in aqueous micellar solutions of the nonionic
PHASE BEHAVIOR AND PHASE EQUILIBRIA OF MICELLAR SOLUTIONS. surfactant n-dodecyl hexaoxyethylene glycol monoether (C12E6)
D. Blankschtein and S. Puvvada, Department of Chemical will be presented.
Engineering, Massachusetts Institute of Technology, Cambridge,
MA 02139 USA. VI0.10

We will present a molecular-thermodynamic framework which DIELECTRIC SPECTROSCOPY OF COMPLEX
is capable of predicting (i) micelle formation and growth, LIQUIDS AND SOLUTIONS FROM KHZ TO 20 GHZ"
(ii) micellar solution phase behavior, and (iii) phase Yan-Ze Wei and S.Sridhar, Department of Physics,
equilibria of surfactant-water micellar solutions. Northeastern University, Boston, MA 02115.

The theory incorporates the effects of surfactant molecular Dielectric spectroscopy is a powerful probe of order and
architecture, that is, chemical structure and conformation of disorder, particularly when carried out over a broad
hydrophobic and hydrophilic surfactant moieties, on: (i) inter- frequency range. We have recently developed a technique
facial tension reduction at the micellar core-water interface which enables quasi-continous measurements upto 20 GHz
due to surfactant adsorp-ion and surface curvature, (ii) steric in liquids. The technique has been applied to a variety of
and packing effects associated with the spatial conformations systems : ionic aqueous solutions, aqueous solutions of
adopted by the hydrophobic and hydrophilic moieties, and hiopolymers and proteins, and polymeric liquids and
(iii) electrostatic interactions between the hydrophilic solutions.
moieties at the micellar core-water interface. A detailed
comparison with experimental findings in aqueous solutions of In solutions of hia-polymers such as poly-lactic acids and
nonionic, ionic, and zwitterionic surfactants will be poly-vinyl alcohol in methylene chloride, we observe an
presented. excluded volume effect which is frequency - and molecular

weight dependent. In aqueous solutions of proteins such as
V10.8 myoglobin, similar effects are observed due to the

A MODEL FOR ORIENTATIONAL AND TRANSLATIONAL ORDERING IN hydration shell, from which we deduce its size and the
MICELLAR AND OTHER REVERSIBLY ASSEMBLING SYSTEMS. relaxation time of the hydration water . In LiCI/H 20MICELARANDOTHE REERSBLY SSEBLIG SYTEM. *solutions, as a function of concentration, effects due to
Mark P. Taylor and Judith Herzfeld, Departments of Chemistry dissociated ions and undissociated ion pairs are observed.
and Physics, Brandeis University, Waltham, Massachusetts
02254-9110. At very high concentrations and/or low temperatures,

cooperative effects occur - the low temperature data ca-
Liquid crystalline order is a feature coon to many be explained in terms of mode coupling theories. Presently
reversibly assembling systems, such as micelle forming we are studying polymeric liquids such as poly-isoprene, to
surfactants, polymerizing proteins and linearly aggregating examine the normal mode and segmental mode relaxation,
polyaromatic molecules. The order observed in these and possible entanglement effects.
inherently polydisperse systems may be translational as well * Supported by PRF-ACS.
as orientational, i.e., nematic, smectic (lamellar) and
columnar (hexagonal) phases are possible. The temperature
and concentration dependent phase behavior exhibited by such
systems is often remarkably complex, due to the coupling
between the aggregate size, orientation and position
distributions. We have developed a model of such reversibly
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FLY ASH AND COAL CONVERSION 4 :45 W1 .6
BY-PRODUCTS CHARACTERIZATION, A STATI STICAL INVES IGATION ON PARTICLE TC
UTILIZATION AND DISPOSAL VI PARTICLE VARIATION OF FLY ASH USING, SEM-

AIA-EDAX TECHNIQUE, L.E. Barta, G. Vamos,
November 29 - December 1, 1989 Institute of Energy, Budapest, Hungary; M.A.

Toqan, J.D. Teare, J.M. Beer, A.F. Sarofim,
SESSION WI: Massachusetts Institute of Technology, The

Chair: R. L. Day Energy Laboratory and Department of Chemical
Wednesday Afternoon, November 29 Engineering, Cambridge, MA.

Adams Room (W)
SESSION W2:

1:15 OPENING BY SYMPOSIUM CHAIRS Chair: F. P. Glasser
Thursday Morning, November 30

1:20 INTRODUCTION BY SESSION CHAIR Adams Room (W)

1:30 *W3.I 8:20 SESSION CHAIR REMARKS
DATABASE OF CHEMICAL, MINERALOGICAL AND
PHYSICAL PROPERTIES OF NORTH AMERICAN FLY 8:30 W2.1
ASH, G.J. McCarthy and Jody K. Solem, North OXYANION SUBSTITUTED ETTRINGITES: SYNTHESIS,
Dakota State University, Fargo, ND; O.E. CHARACTERIZATION AND AQUEOUS STABILITY, P.
Manz and D.J. Hassett, University of North Kumarathasan and G.J. McCarthy, North Dakota
Dakota, Grand Forks, ND. State University, Fargo, ND; D.J. Hassett

and D.F. Pflughoeft-Hassett, University of
2:15 W1.2 North Dakota, Grand Forks, ND.

THE ROLE OF GLASSY PHASES IN THE CEMEN-
TITIOUS REACTIVITY OF FLY ASHES AND SLAGS, 9:00 W2.2
R.T. Hemmings and E.E. Berry, Matex Consul- COMPARISON BETWEEN NATURAL WEATHERING
tants Inc., Mississauga, Canada. PROCESSES AND FORCED LEACHING OF CLASS-F FLY

ASH, A. Andrade, Y.M.A. Coenegracht, G.G.
2:45 BREAK Hollman, H.S. Pietersen, and R.D. Schuiling,

Institute of Earth Science, Geochemistry
3:15 W1.3 Department, Utrecht, The Netherlands.

THE SPECIFIC HEAT OF COAL ASHES, L.L. Isaacs
and R. Ledesma, The City Colleae, Department 9:30 W2.3
of Chemical Engineering, New York, NY. EFFECT OF CALCIUM ADDITIVES ON SULFUR CAP-

TURE AND PUZZOLANIC ACTIVITY OF FLYASH IN
3:45 W1.4 COAL WATER FUEL FLAMES, M.A. Toqan, T.

ANALYSIS OF COAL FLY ASH BY BULK AND SURFACE Paloposki, J.D. Teare and J.M. Be~r, Mas-
CHARACTERIZATION TECHNIQUES, M. Rellotto and sachusetts Institute of Technology, Depart-
C. Boni, CISE Tecnologie Innovative, Materi- ment of Chemical Engineering, Cambridge, MA;
als and Technology Division, Milan, Italy; M. Rini and R.C. LaFlesh, Combustion En-
A. Caridi, CISE Tecnologie Innovative, gineering, Inc., Windsor, CT; L.E. Barta and
Materials and Technology Division, Milan, G. Vdmos, Institute of Energy, Budapest,
Italy, and CNEA, Buenos Aires, Argentina; E. Hungary.
Cerela and C. Chemelli, CISE Tecnologie
Innovative, Materials and Technology Divi- 10:00 BREAK
sion, Milan, italy; G.M. Braga Marcazzan,
CISE Tecnologie Innovative, Materials and 10:30 W2.4
Technology Division, Milan, Italy, and MICROPROBE STUDY OF CHEMICAL INTER-GRAIN
Istituto di Fisica Generale Applicata dell'- VARIATION IN CLASS-F FLY ASH: APPLICATION OF
Universita, Milan, Italy; and M. Scagliotti, FUZZY C-MEANS CLUSTER ANALYSIS AND NON-
CISE Techologie Innovative, Materials and LINEAR MAPPING, Hans S. Pietersen and Jan M.
Technology Division, Milan, Italy. Bijen, Delft Technical University, Faculty

of Civil Engineering, Materials Science
4:15 W1.5 Section, Delft, The Netherlands; Simon P.

MICROSTRUCTURE, MASS TRANSPORT AND DEN- Vriend and Rene E.P. Poorter, Institute of
SIFICATION OF SLAG-CEMENT PASTES, QL. Feng Earth Science, Geochemistry Department,
and F.P. Glasser, University of Aberdeen, Utrecht, The Netherlands.
Department of Chemistry, Old Aberdeen,
Scotland. 11:00 W2.5

EVOLUTION OF LIME AND MICROSTRUCTURAL DE-
VELOPMENT IN FLYASH-PORTLAND CEMENT SYSTEMS,
Joseph A. Larbi and Jan M. Bijen, Delft

*Invited Paper Technical University, Faculty of Civil
Engineering, Materials Science Section,
Delft, The Netherlands.
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11:30 W2.6 SESSION W4:
ACTIVITY OF SULPHUR-FIXED ASH FROM DESUL- Chair: R. F. Feldman
PHURING COMBUSTION OF HIGH-SULFUR COAL IN Friday Morning, December 1
FLUIDIZED BED FOR BUILDING MATERIALS, Lien Adams Room (W)
Huizhen and Jiang Jiabiao, Tsinghua Univer-
sity, Department of Civil Engineering, 8:20 CHAIR'S REMARKS & ANNOUNCEMENTS
Beijing, China.

8:30 *W4.1
SESSION W3: THE PRACTITIONERS VIEW OF FLY ASH UTILISA-

Chair: P. L. Pratt TION, Ronald H. Mills, University of Toron-
Thursday Afternoon, November 30 to, Toronto, Canada.

Adams Room (W)
9:15 *W4.2

1:20 CHAIR'S REMARKS & ANNOUNCEMENTS USE OF FLY ASH IN CONCRETE - A EUROPEAN
VIEW, Peter L. Pratt, Imperial College,

1:30 *W3.1 Department of Materials, London, United
STUDIES ON MECHANISM OF DEVELOPMENT OF Kingdom.
PHYSICAL AND MECHANICAL PROPERTIES OF HIGH
VOLUME FLY-ASH CEMENT PASTES, Rolf F. 10:00 BREAK
Feldman, National Research Council Canada,
Institute for Research in Construction, 10:30 W4.3
Ottawa, Canada. RESISTANCE OF FLY ASH MORTARS TO SULPHATE

ATTACK IN A CONTROLLED ENVIRONMENT, Robert
2:15 W3.2 L. Day and J. Konecny, University of Cal-

REACTIVITY OF FLY ASH AT HIGH pH, H.S. gary, Department of Civil Engineering,
Pietersen, A.L.A. Fraay, and J.M. Bijen, Alberta, Canada.
Delft Technical University, Faculty of Civil
Engineering, Materials Science Section, 11:00 W4.4
Delft, The Netherlands. PERFORMANCE OF A FLY ASH STABILIZED PAVE-

MENT, Joakim G. Laguros, University of
2:45 BREAK Oklahoma, Civil Engineering Department,

Norman, OK; and Curt Hayes, Oklahoma Depart-
3:15 W3.3 ment of Trans- - tion, Research Department,

AGGLOMERATION OF HIGH CALCIUM FLY ASH FOR Oklahoma C-ty, CK.
UTILIZATION: I. PHYSICAL PROPERTIES,
Kenneth L. Bergeson, Carol L. Kilgour, and !1:30 W4.5
Scott Schlorholtz, Iowa State University, THE EFFECT ON CEMENT MORTAR AND CONCRETE BY
Department of Civil and Construction ADMIXTURE OF SPRAY DRYING ABSORPTION PRO-
Engineering, Ames, IA. DUCTS, 'c.. G. Jeppesen, The Technical

University of Denmark, The Institute of
3:45 W3.4 Mineral Industry, Lyngby, Denmark.

AGGLOMERATION OF HIGH CALCIUM FLY ASH 1vR
UTILIZATION: II. BINDING MECHANISMS AND SESSION W5:
LEACHING BEHAVIOR, Carol L. Kilgour, Kenneth Chair: G. J. McCarthy
L. Bergeson, and Scott Schlorholtz, Iowa Friday Afternoon, December 1
State University, Department of Civil and Adams Room (W)
Construction Engineering, Ames, IA.

1:20 SESSION CHAIR REMARKS
4:15 W3.5

STUDY ON THE PROPERTIES OF SEPARATED CLASS F 1:30 W5.1
FINE FLY ASH, T.C. Sheu, S.T. Kuo, and L.W. EVALUATING THE USE OF PONDED FLY ASH IN A
Quo, Taiwan Power Company, Power Research ROADWAY BASE COURSE, David W. Hunsucker, and
Institute, Taiwan, China. R. Clark Graves, University of Kentucky,

Kentucky Transportation Center, Lexington,
4:45 W3.6 KY.
REACTIVITY OF FLY ASH-PORTLAND CEMENT-
Ca(OH)2 -CaSO 4 .2H 2 0 MIXTURES, R.L. Berger, 2:00 W5.2
and Shamba Wang, University of Illinois, STATE-OF-THE-ART IN MWC ASH DISPOSAL TECH-
Department of Civil Engineering, Urbana, NIQUES AND DESIGN REQUIREMENTS, Keith E.
IL. Forrestgr, Wheelabrator Environmental Sys-

tems, Inc., Environmental Engineering,
Danvers, MA.
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2:30 W5.3
ENVIRONMENTAL ASSESSMENT OF BOTTOM ASH USED
IN ROAD STABILIZATION, Asmarre Atalay and
Joakim G. Laguros, University of Oklahoma,
Civil Engineering and Environmental Science,
Norman, OK.

3:00 CLOSING REMARKS, SESSION CHAIRS
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W1.1 Standard Reference Materials, as well as of
integral and size fractionated coal fly ashes. A

DATABASE OF CHEMICAL, MINERALOGICAL AND PHYSICAL PROPERTIES better knowledge of coal fly ash elemental
OF NORTH FLY ASH G.J. McCarth and Jody K. Soles North composition, structural characteristics and of
Dakota State University, Fargo; O.E. Manz and D.J. Hassett. inter- and intra-particle heterogeneity is needed
University of North Dakota, Grand Forks, No for the understanding and quantification of the

Fly ash from electrical generating stations is an inherently physical and chemical processes related to fly
Fl s rmeecrclgnrtigsain s nihrnl ash formation and reactivity. Its reactivity isvariable material due to differences in the chemistry of the relevant to the utilization, disposal and

source coal, in the coal preparation, in the combustion con- collection of particulate emissions by
ditions and in ash collection and handling methods. Because elect ic ofcparss
no two utilities have all of these factors in common, each electrostatic precipitators.
plant's fly ash is unique, and may vary itself with time.
If one wishes to obtain generic information relevant to the The techniques applied for bulk elemental

utilization or disposal of this material, it must be done by analysis are PIXE and PIGE. Electron microscopy

applying statistical procedures to a large database. With has been used to investigate fly ash morphology,
support from electrical utilities and fly ash marketers, while its mineralogy has been studied by means of

supr R. Th ls n coal fly ash has been
preparation of such a database incorporating results from XRD. The glass in

more than 500 North American fly ashes is nearing comple- investigated using microfocus Raman spectroscopy.

tion. The principal components of the database are inform- Surface characterization tools, Auger and X-ray

ation on the power plant and its coal, major oxides chemical photoelectron spectroscopies, have been used to

analyses, the mineralogy (crystalline compounds) and ASTM C analyze the samples and to obtain radial

618 physical properties. Although the emphasis is on fly composition profiles of individual particles.

ash derived from combustion of lignite and subbituminous
coal, data for bituminous coal fly ash are also included. * Work performed under ENEL-DSR/CISE contract

Chemical composition and XRD mineralogy "fingerprints" of ** On leave from CNEA, Buenos Aires, Argentina

various classes of fly ash have been established. Statisti-
cal analyses of variability in fly ash chemistry and miner- Wl.5
alogy have also been performed. MICROSTRUCTURE, MASS TRANSPORT AND DENSIFICATION OF SLAG-

Wl .2 CEMENT PASTES. Q.L. Feng and F..P. Glasser, Department
of Chemistry, University of Aberdeen, Old Aberdeen,

THE ROLE OF GLASSY PHASES IN THE CEMENTITIOUS ABg 2UE, Scotland.
REACTIVlTY OF FLY ASHES AND SLAGS. LI.kmmiftzi
and E.E. Berry, MATEX Consultants Inc., Mississauga, Ontario, An important property of well-cured slag-cement blends is

their low permeability. The densification process in slag-
Canada. cement blends has been followed by electron microscopy and

electron microanalysis to determine changes to the matrix
Coal fly ashes and rapidly cooled metallurgical slags are largely microstructure and mineralogy. Briefly, Mg in the slag
composed ofnon-crystllineorglassyaluminosilicates. It isgenerally remains on the site of former glassy slag grains, but com-

accepted tmuch of thecemnniious reactiviyOfthemmaterialsarises bines with enough At to give a hydrotalcite phase: some

from chemical reactions between alkaline pore solutions and glass Ca and Si also remain, probably as C-S-H, but much Ca and
constituents. Reaciviyin glassesrsults from thcombrnedeffets of Si migrate into the paste matrix. This transfer of chemi-
consttuenc s. ctositin glesrult fory the cond s Of cal substance provides the driving force for matrix densi-
chemical composition, thermal history and surface conditions. The fication. Mass balance calculations are used to suppor'

products of reaction are largely determined by the leachability of glass these observations and to genera Ii ze on them, so the extent
componentsandtheionicstatusoftheporewatr. Thepaperpresentsa of densification potential can be calculated for various

critical review of the experimental and theoretical basis for current blend proportions as well as for slags having different

understanding of glass reactivity as it relates to the use of fly ashes and chemical compositions. Specimen calculations are presented.

slags in cemented systems. Direictions for future research and the basis Quality assurance of slag is to be optimized. The ability
to calculate the potential for densification, at least in

for a general theory of reactivity among supplementary cementing principle, is seen as an important step forward in design

materials are also considered for durability.

M. 3 Wi 6
,A SItalistical lnvesC iga;tion onParticle to Panllc \'al.aiin

THE SPECIFIC HEAT OF COAL ASHES. L.L. Isaacs of Flyi -ing SEM.AIA-E.)AK Techniyt

and R. Ledesma, Department of Chemical 1 G. Vdmos
Engineering, The City College, New York, NY. mutofEnerg

Coal ashes were prepared 
at 1000K from the

Argonne Premium Coal (APS) samples suite. 
MA. Toqan J.D. Teare, .M Beer, AF. Sarofim

Specific heats were measured between 120K and The Energy Laboratory and
700K. The specific heats were correlated with Department of Cherucal Engineering

Massachusetts Institute of Technology
ash composition. Cambridge, Massachusetts 02139

WI.4
ABSIBRU

ANALYSIS OF COAL FLY ASH BY BULK AND SURFACE
CHARACTERIZATION TECHNIQUES . * Be1 o o1 Prediction of the binding characteristics of fly ash in concrete is of gteat interest

C.Boni , A.Caridi , E.Cereda , CChemellil: for fly ash utilization. Correlations between fly ash puzolanic activit, and chemical

G.M.Braga Marcazzan"
2 , M.Scagliotti .

1 CISE Tecnologie Innovative, P.O. BOX 12081, composition/morphology based on bulk analyses are inadequate due to the strong particle

20134 Milan, Italy - 2 Istituto di Fisi ca to panicle variation of fly ash properties. In an answer to this problem scatting electron

Generale Applicata dell'Universitt, Milan, Italy
microscopy combined with automated image analyss and energy dispersive X-ray anal.ysis

This paper presents an overview of techniques for
bulk and surface characterization of fly ash. (SEM.AIA.EDAX) used preiously for the study of mineral inclusion distribuion in oal

Examples are reported for analysis of NBS hu been extended to thc analyses of large numbers of individual fl) ash particles.
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W2.3
Results of an analytical statistical treatment of the experimental data show that this

Effcct of Calium Additives on sulfur C~pup nd~ Puzolcinctechnique can provide information on the variation of the size and chemical composition f ctL Cc of Flys in Col Capur F-1i r i .

of individual fl) ash particles and can therefore be used for the evaluation of different types Using coal water fuels (CWF), a flame investigation was c rried ot to
determine che effects of the precreatment of CLIF$ by calcium additives upon

of y ah in respect of their usability in concete. the efficiency of in-flame sulfur capture and flyash puzzolanic activity.

To this effect, seven coal-water fuels were used. the first of wuch
served as base fuol without additive sorbent while the other seven contained
one of two types of sorbents. Three of the latter fuels were prepared by

W2.1 admaixing to the base fuel varying amounts of calcium acetare solutions.
while calcium hydroxide particles, in varying amounts were admixed to the
remaining three coal otter fuels.

OXYANION SUBSTITUTED ETTRINGITES: SYNTHESIS, CHARACTERIZA-

TION AND AQUEOUS STABILITY. P. Kumarathasa and c.J In the combustion tests, flyash samples were collected from the exit oft y ANorth Dakota State niveriP y aroD.Haan a furnace and analyzed by Scanning Electron Microscopy in conjunction withMcCarthyUniversity, Fargo; D.. Ha ett Automated Image Analysis and Energy Dispersive X-Ray Spectroscopy (SEM-AIA-and D.F. Pflughoeft-Hassett, University of North Dakota, EDAX) for elemental distribution of calcium and sulfur in the fly ash
Grand Forks, ND. particles. Particle size distributions of the sampled solids were

determined using a laser diffraction particle size analyzer (Malvern) and X-
ray diffraction and SlEM-EDAX measurements were made on hardened fiyash-acer

Long-term batch leaching studies of composites of lignite mioture o determine the puzzolanic activity of the flyash.
combustion and gasification ashes with a calcium-based of the two additives wed the calcium acetate was more effective in
scrubber waste have shown the prominent formation of capturing sulfur: 71% sulfur reduction was obtained with a mole ratio of
ettringite [Ca 6 AI 2 (SO4 ) 3 (OH) 1 2 .26H 2 0] in the solids, in Ca/S - 1.S. Both the calcium acetate and calcium hydroxide additives
parallel with reductions in solution concentrations of produced improved flyash puzcolanic activity.

potentially hazardous elements such as boron and selenium.
In nature, boron is known to substitute for sulfur in W2.4
several minerals in the ettringite group (charlesite,
sturmanite) and a selanate analog of ettringite was reported MICROPROBE STUDY OF CHEMICAL INTER-GRAIN VARIA-
many years ago. The possibility that oxyanions such as TION IN CLASS-F FLY ASH: APPLICATION OF FUZZY C-
B(OH)4 , SeO4 , AsO4 , Cr04 , MoO4 and VO4 might be precipitated MEANS CLUSTER ANALYSIS AND NON-LINEAR MAPPING.
from hazardous waste solutions as low solubility substituted Hans S. Pietersen and Jan M. Bijen, Fac. of Civ.
ettringites is the basis for an ongoing study. Substituted Eng. , Materials Sci. Sec., Delft Tech. Univ.,
ettringites of each of these oxyanions have been prepared 2628 CN Delft, The Netherlands; Simon P. Vriend
and characterized chemically and by x-ray powder diffrac- and Rene E.P. Poorter, Inst. of Earth Sci.,
tion. The stability of the prototype sulfate ettringite, Geochemistry Dept., 3508 TA Utrecht, The Nether-
and of borate and selenate substituted ettringites, has been lands.
measured in aqueous solutions with varying pH and solution
constituent concentrations. The chemistry of individual grains of several

Class F fly ashes has been investigated by elec-W2.2 tron microprobe analysis. Both bulk fly ash as
COMPARISON- BETWEEN NATURAL WEATHERING PROCESSES well as size and density separated fractions were
AND FORCED LEACHING OF CLASS-F FLY ASH. analyzed. The analysis of low concentrations of
A. Andrade, Y.M.A. Coenegracht, G.G. Hollman, the light alkaline elements was given special
H.S. Pietersen & E.D. Schuiling. Inst. of Earth attention. In order to obtain structure in the
Sci., Dept. Geochem., 3508 TA Utrecht, The large dataset obtained, a combination of two
Netherlands. multivariate statistical procedures was applied.

The method involved the use of both fuzzy c-means
In lysimeters the natural weathering process of cluster analysis (FCM) and non-linear mapping
three class-F fly ashes was studied. The ashes (NLM) techniques and allowed for a quick visual
were classified according to their alkaline con- interpretation of the fly ash analysis. It provi-
tent into acid, neutral or alkaline. In the upper ded information which is not obtained through
section of the beds organic C is slightly increa- the use of the commonly used classical two-or
sed after 4 yrs of weathering. The density of the three dimensional data representation plots
neutral fly ash is slightly decreased. The den- alone. The cluster analysis of all ash data
sity of acid and alkaline fly ash increased and indicated that a model of 5-6 clusters could best
concretions have been formed. In the alkaline fly explain the chemical differences between several
ash this is due to local cementation by calcite. class-F fly ashes. Most clusters showed an in-
In acid fly ash the concretions are enriched in a verse relation between Si0 2 and A12 03 , combined
number of major and minor elements. Only sulfur with different levels of Fe, Ca, Mg and/or K and
shows significant mobility. Hardly any signs of Na. Inter-grain variation of individual fly ashes
soil development are detected. Under natural showed, on a smaller scale, similar variations.
conditions trace elements will be leached over a The results of the cluster analysis were related
very long time period. with fly ash -reactivity and -glass content data.
Column leaching experiments with mild acids and

complexing agents were conducted in order to W2.5
check if the natural leaching process can be
accelerated. Strong acids (pHml) appeared most EVOLUTION OF LINE AND MICROSTRUCTURAL DEVELOPMENT IN
effective, although large quantities of major FLYASH-PORTLAND CEMENT SYSTEMS. 40io5. A.J-0r and Jan
elements were also leached. Weak acids combined m. B6jen, Delft Technical University, Faculty of Civil
with complexing compounds are more selective with Engineering, Materials Science Section, Stevlnweg 1.
respect to a number of hazardous elements, but 2628 CN Delft, The Netherlands.
less effective. A few heavy metals remain pres- The evolution of calcium hydroxide, Ca(OH)z and the dev-
ent in high concentrations, although in a less elopment of microstructure during the early hydration of
mobile form. Forced leaching of fly ashes before flyash-portland cement systems have been investigated.
dumping may eliminate most of the environmental During the first one month of hydration, the lime con-
problem of mobilisation of heavy metals, tent of flyash-portland cement mortars was found to be

significantly higher than those of the reference mor-
tars. After one month of hydration, however, the lime
content In the flyash-portland cement mortars began to
decrease.
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The study also showed that the chemistry of the pore Results showed that relatively high values of mechanical
solution in contact with the hydrating cement system properties may be obtained at relatively early times. The
and the glass content of the flyashes exerted major following factors may explain this observation.
influences on the rate of evolution of lim in the
flyash-portland cement mortars. (a) At early times the blended pastes have effectively a high

water-cement ratio (a 0.70).
Pore size distribution analysis by means of mercury (b) The initial cement reaction is accelerated.
intrusion porosimetry revealed higher capillary porosity (c) The fly ash - Ca(OH)2 reaction commences at a period earlier
in the flyash-portland cement mortars than the plain than 3 days probably because of the large volume of fly ash used,
mortars for the same water/(cement+flyash) ratios during provides a relatively large amount of the more reactive material.
the first one month of hydration. (d) Cement matrix and residual unreacted fly ash form a good

mechanical bond.
The results of the lime content in the mortars and the (e) A relatively homogeneous hydrate product with low (Ca(OH)2
pore size distribution studies were supported by scann-
ing electron microscope analysis on fractured surfaces content and low C/S ratio CSH produces a stronger body.
of similar mortar specimens which revealed large,
better-crystallized calcitum hydroxide plates at the W3.2
paste-aggregate as well as the paste-flyash interfcesduring the first one month of hydration. REACTIVITY OF FLY ASH AT HIGH PH. H.S. Pietersen,A. L.A. Fraay and J.M.J.M. Bijen, Delft Tech.

W2.6 Univ. , Fac. of Civ. Eng., Materials Science
ACTIVITY OF SULPHUR-FIXED ASH FROM DESULPHURING Section, 2628 CN Delft, The Netherlands.
COMBUSTION OF HIGH-SULFUR COAL IN FLUIDIZED BED
FOR BUILDING MATERIALS. Lian Huizhen and Jiang The reaction of fly ash in concrete is only
Jiabiao, Dept. of Civil Engineering, Tsinghua initiated after one or more weeks. In this
University, Beijing, P.R. of China. incubation period the fly ash behaves as a more

or less inert material and serves as a precipi-
Adding a kind of novel desulphurizer into tation nucleus for Ca(OH) 2 and C-S-H gel origina-
fluidized bed, amount of the sulphur-fixed ash ting from cement hydration. The occurrence of
from combustion of high-sulphur coal ( named this incubation period can be explained by the
sulphur- fixed boiling slag ) can be over 30%. strong dependency of the glass breakdown on the

alkalinity of the pore water. The process of
It is known that activity of boiling slag is glass breakdown increases if the pH becomes
better than that of fly ash, and the boiling higher than approx. 13. 2, a situation which only
slag can be used as active blending materials in occurs in cement pore waters after some days. The
portland cement. But another fact has been fly ash reactivity is also related to glass
proved by experiments as follow: The sulphur- content, particle size and temperature.
fixed boiling slag has cementitious property In order to compare the reactivity of several
itself. The slag was mixed with water (w/c=0.44) Dutch class F fly ashes, size and density separa-
and formed without any other materials, the ted fractions of different fly ashes were reacted
compresive strength of that specimen came up to with a number of alkaline activators with a pH
over 10 Mpa after steam curing, even more than ranging form 13 to 13. 7. The composition of both
20 Mpa depending on its composition,and that of the reacted and unreacted fly ash fractions was
another specimen with the same composition by analyzed using microprobe analysis, QXRD, SEM and
adding with lime of 8% came up to over 20 Mpa TEM. Samples of the solution were analyzed after
( compared with above mention 10 Mpa ). several time intervals and thus apparent acti-
Therefore, activity of the sulphur-fixed vation energies could be calculated. Particle
boiling slag is better than that of sulphuer- size and glass content appeared to be the major
free boiling slag as a cementitious material, variables concerning fly ash reactivity. The

effect of small differences in glass composition
In accordance with present studies, it is found on ash reactivity is not entirely clear as most
that factors of influence on the activity are glasses contained varying amounts of crystalline
substaintially involved with f-CaO content, inclusions.
sulphur content and ( CaO+SO ) / (SiO +AlO )
ratio,etc. So that the quality and practice of AGGLOMERATION OF HIGH CALCIUM FLY ASH FOP UTILIZATION:sulphur-fixed boiling slag used as cementitious 1. PHYSICAL PROPERTIES. Kenneth L. Bergeson, Carol L.
materials can be appreciated and controlled. Kilgour & Scott Schlorholtz, Department of Civil & Con-

W3.1 struction Engineering, Iowa State University, Ames, IA.

Inability of the Iowa fly ash industry to meet their
STUDIESONMECHANISMOFDEVELOPMENTOFFIPYSICALAND demands for fly ash during the peak construction months
MECHANICAL PROPERTIES OF HIGH VOLUME FLY ASH-CEMENT led the Iowa Fly Ash Affiliates Group to investigate
PASTES. RolL F. Feldman. National Research Council Canada, storage alternatives available for high-calcium fly ashes.
Institute for Research in ConstructionOttawa, Ontario, Canada. Conventional, closed storage facilities are extremely
KIA 0R6 expensive and currently not cost effective. In addition

the industry is faced with the rising costs of landfill
Workers at CANMET, Ottawa. Canada, have shown that high disposal. This paper presents the results of utilizing
volumes of fly ash can be used in structural concrete. This work the rapid self-cementitious properties of high-calcium
was performed to elucidate the possible mechanisms of strength ashes to agglomerate them into discrete aggregate size
and pore structure development in cement pastes containing 45 particles for stockpiling. The two fly ashes used in
to 56 percent of a type F Lingan, Nova Scotia fly ash. this study contained 25 to 30 percent calcium. Water

was used as an agglomerating medium. Agglomeration wasCement paste mixtures containing 45 and 56 percent fly ash each accomplished using three types of commercial equipment
at W/S of 0.35 and 0.30 were prepared using a lignosol based as follows: continuous rotary pan agglomerator, continuous
superplasticizer and cured for 6 months. During curing, thermal auger agglomerator and a batch turbine agglomerator.
analysis, pore size distribution, SEM, permeability, porosity, All units produced relatively well graded aggregate
compressive strength and modulus of elasticity data were material differing primarily in particle shape and texture.
obtained. Production agglomeration capacity of all units range up

to 50 tph. Previous work on laboratory bench studies
of pan-agglomerated materials, stored under water for
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over one year, indicated high particle stability and no
tendency for mass cementing. Research work discussed replacing cement not more than 30%, can get

includes; gradation and abrasion testing; strength and advantages of both quality improvement and cost

durability as an artificial aggregate in concrete; strength lowering.
and durability as a treated and untreated base material;
and use of the fine fraction for soil stabilization. W3.6
Agglomerated pellets were also reground using a newly
developed, energy efficient, micronizing technique. REACVITY OF FLY ASH-PORTLA1, CEMVENT-

Research results using the reground ash in concrete and A(OH)2zCaSOd2HzO MXTURES. R. L. Bcrger and
soil stabilization are also discussed. Shamba Wang, Departen t of Civl En f eerin. Uniersity

W3.4 
of Illinois, 208 N. Mathews, Urbana, IL.

AGGLOMERATION OF HIGH CALCIUM FLY ASH FOR UTILIZATION:
I. BINDING MECHANISMS AND LEACHING BEHAVIOR. Carol M
L. Kilgour, Kenneth L. Bergeson and Scott Schlorholtz,
Department of Civil & Construction Engineering, Iowa State CIXO42H2011 Pto %onthereactvityandstrength
University, Ames, IA dvelopment of portland cement-fly ash pastes was

ivsiated. Samples were batched on water/solid volume

Agglomeration provides an economical means of storing b7$ tol=S lrea ( )ualinitial porosity. Flyoashm7activity

Iowa fly ash resources for future use in construction deriined by c(oH)2 consumptionrangcdfrom7%to

as a base material, as a soil stabilization agent, and A i OCa(OH)2 increasedfly ashreactivity but

in concrete. Agglomerates were produced from two fly noeter gotedasO4ie O thtad controltesleu.
ashes using three commercial size agglomeration procedures.
Evaluation of the chemical, mineralogical and morphological
nature of the agglomerates shows that each of the three W4.1

procedures used one or more of the following binding THE PRACTITIONERS VIEW OF FLY ASH UTI1ISATION. Ronald H.
mechanisms: Solid bridges caused by chemical reaction, Mills, University of Toronto, Toronto, Ontario M5S 1A4.
adsorption layers, molecular and electrostatic forces,
and interlocking. Partial substitution of Portland cement (PC) with fly ash (FA) offers the

practitioner increased scope for optimal utilisation of materials but requires
It is envisaged that the many potential uses of the careful evaluation of the resulting blended cement beyond the basic age-
agglomerated material could eventually result in the strength relationship. Nevertheless, characteristic strength is invariably
complete utilization of Iowa fly ash. At present, however, specified, and for the practitioner, the cost of meeting this requirement
disposal of the agglomerates must be considered. Compared depends on workability, the rate of strength gain and the influence of
to dry fly ash disposal, agglomeration offers the variability. The blend may be charactersed by a mass efficiency factor which
advantages of reduced ash volume, easier handling and is the mass ratio of PC to FA which will yield the same target strength at
prevention of primary pollution. However, the possiblity fixed maturity and workability. Alternatively, the maturity efficiency factor
of groundwater contamination by leachate from the may be determined as the ratio of log maturity values for the cements to
agglomerated material needs careful consideration. reach a given target strength. Both efficiency factors incorporate important

economic parameters of interest to the practitioner.
This paper discusses the binding mechanisms used in the
three agglomeration techniques and presents the rese*ts The glassy character of FA means that its inclusion attracts calcium
of the authors' work on leaching properties deemed hydroxide and sodium and potassium ions released into solution by the PC
important for agglomerate disposal. component. The risk of alkali-aggregate reaction is thus reduced. This

characteristic may prove to be of such over-riding importance that a new
W3.5 approach to mix design is necessary. The essence of such an approach
Study On The Properties Of Separat would be the provision of sufficient FA to absorb reactive species released

by the PC. This might involve increased PC + FA and water, with
Class F Fine Fly l,,sh concomitant reduction in aggregate and in fineness modulus.

Consistent quality of fly ash is the main key

to utilize it. In this study, we triad to use Dimensional changes such as shrinkage and creep affect the distribution of
load between steel and concrete in columns, the deflection of beams and

separation technique to improve the properties of slabs and cracking where displacements are restrained. In the case of PC
fineness and ignit iou loss of fly ash. concrete, both creep and shrinkage depend on the volume ratio of hydration

In the experiment, fly ash was passed through products and the movement of pore water caused by drying and by
mechanical load. The nature of the hydration products varies with PC/FA

dry sievers of No.200, No.300, and No.400 mesh. ratio and thus quantities such as the internal surface area, the hydraulic
Chemical characteristics andphysical properties of mean radius of pores and the effective modulus - the ratio of stress to total

each classified fine fly ash were studied. Cement strain - must be evaluated.

in mortar and paste were replaced with 10%, 20t, W4.2
30%. 40% and 50% of sieved and unsieved fly ash. USE OF FLYASH IN CONCRETE - A EUROPEAN VIEW.

Peter L. Pratt, Department of Materials, Imperial College,
Prince Consort Roae, London SW7 2BP, England.

compressive strength, shrinkage, and sulfate resist-

ability of each formulated mixture were tested. The use of flyash in concrete is presented from the

The results showed as follows: European point of view. The usage varies by country from
as high as 96% in the case of Holland, to 20% in the UK.

(I) Ignition loss of separated fine fly ash is Beneficiation of the flyash is being used to improve the

greatly reduced. It is good for cement and properties of the final concrete while mixed blends of
flyash with silica fume and superplasticiser are being

concrete mixing. developed to make high grade, high strength concretes.

(2) Fly ash passed No.300 siever has good prop- Studies of the consumption of flyash by the pozzolanic

erties, high yield and economic processing reaction with calcium hydroxide are becoming more and more
cost. sophisticated and details of the pozzolanic calcium

aluminate and calcium silicate hydrates are becoming

(3) Cement Products and ready mixed concrete which increasingly clear. Their role in aiding strength develop-

contain the fine fly ash, passing No.300 mesh, ment and in improving the durability of concrete is well
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established and a number of different ways in which they W4.5
can reduce chloride attack, carbonation and alkali-silica THE EFFECT ON CEMENT MORTAR AND CONCRETE BY
reaction has been identified. The importance of proper ADMIXTURE OF SPRAY DRYING ABSORPTION PRODUCTS.
curing of the low-lime Class F flyashes commonly available Kirsten G. Jeppesen, The Institute of Mineral
in Europe is well understood but the conditions necessary Industry, The Technical University of Denmark,
for this to occur are not always employed on construction DK-2800 Lyngby.
sites. Recent work in the UK has determined the effect of
relative humidity upon the pozzolanic reaction and the Studies of the SDA-containing mortars mentioned
hydration reaction and from this it should be possible to at the MRS Fall Symposium 1987 have been con-
determine adequate curing regimes for a wide range of sizes tinued and the state of the sulphur has been
of concrete structure and of drying conditions, tested.

144.3RESISTANCEOFFLYASHMORTARSTOSULPHATEATTACKIN A full s' ale project concerning 3 front elements
from concrete containing 20 and 30 wt.% spray

A CONTROLLED ENVIRONMENT. Robert L Da and J. Konecny, drying absorption products(SDA) is kept under
Dept. of Civil Engineering, University of Calgary, Alberta. Canada observation for development of strength,

mineralogical composition and corrosion for
Sulphate-expansion tests were performed on mortar bars the 2. year.
manufactured with two types of subbituminous fly ash and two The use of SDA as filler for mortar and concrete
types of cement. One fly ash was from Alberta, Canada while the has been studied and methods for decomposing
second, ahigh-calciumash, was from the United States. Ordinary the SDA-agglomerates has been developed. In
and sulphate-resistant cements were used in the examination. addition the influence of chemical composition

and grain size distribution in SDA has been
Bars were exposed to attack when they reached a given strength stud i ed.

level. Some bars were soaked in a mixed solution of sodium and An untraditional frost-thaw experiment has been
magnesium sulphate under controlled conditions; the pH of each made which includes SDA- and PC-mortars shows
solution was maintained at either 7 or 9.5 by regular additions of the effect of superplasticizers.
sulphuric acid. For other bars the pH of the solution was
uncontrolled and was allowed to reach its natural equilibrium state The setting time and water requirement for mor-tars containing different kinds and quantities
Behaviour of bars in water baths where pH was maintained of SDA have been studied.
constant was also examined. Bars were soaked in individual
three-bar groups so that possible correlation between (a) amount The possibility of using SDA containing 4% Cl
of acid added and (b) linear bar expansion with time could be from NaC1 in seawater(processwater) is under
observed. Post-expansion examinations included strength examinat ion.

degradation, qualitative X-ray analysis and thermal analysis. W5.1
EVALUATING THE USE OF PONDED FLY ASH IN A ROADWAY BASE

Results show some interesting correlations, or lack therof, between COURSE. David Q. Hunsucker, Kentucky Transportation Center,
acid addition and sulphate attack. Mortars made with the Alberta Lexington, KY; and R. Llark Graves, Kentucky Transportation
ash performed better than the corresponding control mortars; Center, Lexington, KY.
however, in a mixed magnesium/sodium solution expansions were This report summarizes findings of laboratory and field
much greater than in previous tests where only sodium sulphate trial evaluations of ponded fly ash as a component of a
was used. Bars made with the U.S. ash performed very poorly stabilized aggregate base course. Ponded fly ash is the

fine portion of pond ash which is a by-product of coalunder all conditions. burning processes and is disposed of by sluicing to a
disposal pond.W44.4

PERFORMANCE OF A FLY ASH STABILIZED PAVEMENT. Joakim G. Three stabilized aggregate base mixtures containing various
Laeuroi_., the University of Oklahoma. Norman, OK; Curt proportions of dense graded aggregate, ponded fly ash, and
Hayes, ODOT. Oklahoma City, OK. hydrated lime were evaluated in the laboratory relative to

maximum dry density, optimum moisture content, unconfined
compressive strength, and static chord modulus of

An expansive shale roadbase, stabilized with a Class C elasticity. The mixture that was selected for field trial
(high-calcium) fly ash received a 6-inch asphaltic evaluation had the highest unconfined compressive strength
surface and the highway was opened to traffic six years and consisted of 84% dense graded aggregate, 11% ponded fly
ago. Periodic sampling and visual observations indicate ash, and 5% hydrated lime.
that the performance of the pavement test sections are
above average. A 750-foot section of a 22-foot wide roadway was

constructed in May 1988. Approximately 83 tons of ponded
fly ash were utilized in constructing the experimentalAnalyses of field samples showed that fly ash, either base. Prior to construction, in-place California Bearing

alone or mixed with lime and cement, was effective In Ratio tests, moisture content determinations and Road Rater
ameliorating the texture and plasticity of the shale and deflection tests were performed to characterize the
imparting strength to it on a long term basis. Pavement prepared subgrade. The stabilized aggregate base was placed
deflections and the extent of cracking have not increased in one 8-inch lift. During construction, relative
beyond acceptable levels during the six year period, compaction and moisture content of the base material were

monitored by means of nuclear devices. Post construction
evaluations included Road Rater deflection tests on theXRD studies show a reduction of the areas under the peaks base and asphaltic concrete layers, and coring to obtain

and the SE. observations reveal a dense degree of packing samples for laboratory evaluation.
and reduction of the void areas. These modifications
occur during the first two years of service and any To date, the section containing the stabilized aggregate
changes beyond that period appear to be minor, base is performing very weT 1 in comparison to the

conventionally designed section.
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W5.2

STATE-OF-THE-ART IN MWC ASH DISPOSAL
TECHNIQUES AND DESIGN REQUIREWT.
Keith E. ForresMjj, PE, Wheelabrator
Environmental Systems, Inc., 55 Ferncroft
Road, Danvers, MA 01923.

This paper presents the current practices
employed by WES at its state-of-the-art
ash landfills. The use of ash as an engineered
material versus the disposal as a loose waste
is the major direction of land application
now being employed. By utilizing simple civil
engineering methods, historically used in soil
cement and standard soil foundation applications,
this MWC ash is treated more liXe an aggregate
cement matrix than a solid waste.

The application of the methods results in
phenomenal physical and geotechnical/geochemical
changes within the mixed MWC ash. Subsequent
design considerations for ash runoff control,
treatment and storage are discussed as well as
suggested design changes for leachate collection
and control, daily cover/interim cover/final cover
use and post closure site utilization.

Empirical and laboratory demonstrated parameter
changes in K,, transport kinetics, runoff co-
efficients, Censity, UCS, visual observations,
triaxial strengths and solubility/leaching results
are presented in defense of the papers conclusions
and recommendations for future MWC ash disposal
practices.

W5.3

ENVIRONMENTAL ASSESSMENT OF BOTTOM ASH USED IN

ROAD STABILIZATION. Asmarre Atalay and Joaklm G.

Laguros, Univeresity of Oklahoma, Civil Engine-

ering and Environmental Science, Norman, Oklahoma.

Large amounts of fly ash and bottom ash are being

produced by electric power plants and other

facilities. While both fly ash and bottom ash are

currently being disposed in land fills, fly ash

is found to be a useful admixture to cement to

make concrete. The usefulness of bottom ash as a
soil stabilizer for unpaved roads is also being
recognized. However, because of the levels of

trace metals and organics present in the ash,
there is increasing interest on the environmental
problems that may result from the surface appli-
cation of these wastes.

Soil, water and vegetation samples were collected
from sites where bottom ash had been used to
stabilize unpaved roads in Oklahoma. Similar
samples were also collected from a fly ash sta-
bilized road in the subsurface, and from a fly
ash disposal site. In addition, fly ash, bottom

ash, and coal samples were analyzed for metals

and organics contents. Metals were analyzed by
an Inductively Coupled Plasma (ICP) and the
organics by a Gas-liquid Chromatograph.

Results indicated that fly ash used in the roadbed
had no significant effect on the vegetation and
water quality in the immidate vicinity. Surface
applied bottom ash showed significant leaching of
trace metals into the nearby streams and lakes,

however, it had no detrimental affect on the
surrounding vegetation.
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FRONTIERS OF MATERIALS RESEARCH SESSION X2
A Symposium Crossing All Symposia Tuesday, November 28

Nonspecialist 12:05 - 1:25 p.m.
Staffordshire Room (W)

November 27 - December 1, 1989
12:05 *X2.1

Chair: Rustum Roy LOW-TEMPERATURE PROCESSING OF NOVEL HIGH T c
SUPERCONDUCTING THIN FILMS AND APPLICATIONS,

TV SESSION: THE NEW FRONTIERS J.LLan, North Carolina State University,
Monday, November 27 Raleigh, NC.
12:00 - 1:30 p.m.

Staffordshire Room (W) 12:45 *X2.2
REVIEW AND STATUS OF LANXIDE'S TECHNOLOGIES

The Society will initiate this year an FOR REINFORCED CERAMICS AND METALS, A.W.
experiment in new ways of reporting research Urguhart, Lanxide Corporation, Newark, DE.
results.

Five papers reporting the "hottest," up-to- Wednesday, November 29
the-minute advances in the field and repre- 12:05 - 1:25 p.m.
sentative of the scope of materials research Staffordshire Room (W)
will be broadcast live by satellite to
industrial research laboratories, univer- 12:05 *X3.1
sities and others. NANOCOMPOSITE APPROACHES TO NOVEL PROPERTIES

IN POLYMERS, D. Ulrich, Air Force Office of
For satellite hook-ups in your institution, Scientific Research, Washington, DC.
call NTTJ for industry (303-484-0565) or PBS
for universities (1-800-257-2578). 12:45 *X3.2

SUPERCONDUCTOR STATUS II: PHYSICS OF HIGH Tc
12:05 *XMFI.1 SUPERCONDUCTIVITY, R.yC. Dvng, AT&T Bell
NEW STEELS BY DESIGN, G.B. Olson, Department Laboratories, Murray Hill, NJ.
of Materials Science and Engineering and
Materials Research Center, Northwestern SESION X4
University, Evanston, IL. Thursday, November 30

12:05 - 1:25 p.m.
12:20 *I.2 Staffordshire Room (W)
DIAMOND SCHOTTKY DIODES BASED ON GROWTH OF
THICK (>l00J) B-DOPED HOMOEPITAXIAL FILMS, 12:05 *X4.1
G. Gildenblat, S.A. Grot, C.W. Hatfield, ADVANCES IN ZEOLITES AND OTHER MICROPOROUS
C.R. Wronski, A.R. Badzian, T. Badzian and MATERIALS, David Vaughan, Exxon Research and
R. Messier, The Pennsylvania State univer- Development, Annandale, NJ.
sity, University Park, PA. 12:45 *XA.~2
12:35 *XNF1.3 SYNTHETIC METALS: A NOVEL ROLE FOR ORGANIC
MATERIALS SYNTHESIS UTILIZING BIOLOGICAL POLYMERS, Alan MacDiarmid, University of
PROCESSES, Lynn Oehler, Chris Hobbs, Mark Pennsylvania, Philadelphia, PA.
Mastandrea and Mark Bednarski, Lawrence
Berkeley Laboratories, The Center for Ad-
vanced Materials, Berkeley, CA.

I2:S0 *XNF1.4
LIQUID CRYSTALLINE MATERIALS FOR POLYMER
WITH ANISOTROPIC ULTRASTRUCTURES, G.S.
Attard, The University, Southampton, United
Kingdom.

1:05 *_ a
PULSED UV-LASER PROCESSING FOR ULTRA-HIGH-
SPEED DEVICE TECHNOLOGY, Thomas W. Sigmon,
Stanford University, Stanford, CA; Kurt H.
Weiner, Lawrence Livermore National Labora-
tory, Livermore, CA; and Paul G. Carey,
Siemens, Munich, West Germany.

*Invited Paper
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XNF1.1 potential as n.l.o. materials will be described.

NEW STEELS BY DESIGN, G.B. Olson, Department of In order to achieve greater control on the
Materials Science and Engineering and Materials ultrastructure another approach is required. This
Research Center, Northwestern University, Evans- involves the use of polymerisable LC monomers
ton, IL. whose mesomorphic structure, whether lyotropic or

thermotropic, can be locked by in situ polymerisa-

Nucleation of a fine dispersion of optimal-stabi- tion. Using this route it is possible to prepare

lity equilibrium austenite has produced record polymers with a range of anisotropic ultrastruc-
fracture toughness in AF1410 steel, using state- tures. Examples of such polymeric materials
of-the-art 'design' by combining detailed charac- derived from thernotropic and lyotropic LC phases
terization, thermodynamics (via THERMOCALC) and will be described.
kinetics of precipitation and coarsening. This XNFl.5
has led to the conceptual design of new steel
compositions for specific high performance PULSED UV-LASER PROCESSING FOR ULTRA-HIGH-SPEED
applications. New compositions have been designed DEVICE TECHNOLOGY, Thomas W. Siamon, Stanford
for enhanced transformation dilatancy for greater University, Stanford, CA; Kurt H. Weiner, Lawrence
transformation toughening. Livermore National Laboratory, Livermore, CA; and

Paul G. Carey, Siemens, Munich, West Germany.

XNFI.2 We have used pulsed uv-laser doping and selective

epitaxy for vertical scaling of junctions for
DIAMOND SCHOTTKY DIODES BASED ON GROWTH OF THICK silicon MOS and bipolar structures and fabrication
(>100g) B-DOPED HOMOEPITAXIAL FILMS, G. of selective heterostructure layers. Successful
Gildenblat, S.A. Grot, C.W. Hatfield, C.R. applications in the fabrication of submicron
Wronski, A.R. Badzian, T. Badzian and R. Messier, MOSFETs and narrow base bipolar transistors in

The Pennsylvania State University, University silicon will be presented. Results, both struc-
Park, PA. tural and electrical, on the fabrication of

heterostructures layers in the GexSil- x  and

Using microwave plasma CVD we have been able to InxGal_xAs material systems will be presented.
deposit B-doped single crystal (and polycrystal-
line) homoepitaxial diamond layers >1501 thick on X2.1
natural single crystals. Schottky diodes with
excellent rectifying characteristics were obtained LOW-TEMPERATURE PROCESSING OF NOVEL HIGH Tc
using a single crystal homoepitaxial bF e. As in SUPERCONDUCTING THIN FILMS AND APPLICATIONS, J_
the case of Schottky didoes with a pwlyWrystalline N , North Carolina State University, Raleigh,
diamond base, diode characteristics are controlled NC.
by deep acceptors.

This talk reviews the progress made in the
Additional treatment of the homoepitaxial film formation of superconducting thin films. Epitax-
surface can induce the transition from rectifying ial films which can sustain current densities up
to ohmic behavior of the metal/CVD diamond to 6.OxlO 6 A cm- 2 at 77K have been fabricated
contacts, using "in-situ" pulsed laser deposition techni-

ques. Details of epitaxial growth and correlations
XNF.3 between microstructure and superconducting

MATERIALS SYNTHESIS UTILIZING BIOLOGICAL properties of high-Tc thin films will be high-
PROCESSES, Lynn Oehler, Chris Hobbs, Mark lighted.
Mastandrea and Mark Bednarski, Lawrence Berkeley
Laboratories, The Center for Advanced Materials, X2.2
Berkeley, CA. REVIEW AND STATUS OF LANXIDE'S TECHNOLOGIES FOR

REINFORCED CERAMICS AND METALS, A.W. Urouhart,
We report on a program to use enzymatic methods of Lanxide Corporation, Newark, DE.
polymerization and surface modification to prepare
new polymeric materials from unnatural monomers in This paper is intended to update the MRS audience
the areas outlined below. () The chemical- on the current status of Lanxide's novel tech-
enzymatic synthesis of fluorinated and sulfated nologies for ceramic and metal matrix composites.
polysaccharides using glycogen phosphorylase, Included will be a short review of the processing
sucrose phosphorylase and lysozyme; (2) the methods, a description of properties and perfor-
chemical and enzymatic modification of semiconduc- mance characteristics achieved, and a brief
tor materials and other polymers, and the use of summary of applications being addressed and the
these materials to study the interfacial proper- current commercialization status.
ties associated with the binding of bacteria and
viruses. X3.1 ABSTRACT NOT AVAILABLE

XNrI.4 X3.2

SUPERCONDUCTOR STATUS II: PHYSICS OF HIGH Tc
LIQUID CRYSTALLINE MATERIALS FOR POLYMERS WITH SUPERCONDUCTIVITY, R.C. Dynes, AT&T Bell Labora-
ANISOTROPIC ULTRASTRUCTURES, G.S. Attard, The tories, Murray Hill, NJ.
University, Southampton, United Kingdom.

The number of known high Tc phases and our
Materials with ansotropic ultratructures can be understanding of the physics underlying high Tc
obtained by constructing polymers with anisometric superconductivity have both grown dramatically in
groups in the main-chain, as pendant side-chains, the three years since La 2 -xBaxCuO 4 was identified
or a combination of both. Using this approach it as a 30K superconductor. Recent advances include
is therefore possible to design multifunctional measurements of reproducible tunneling data on
materials whose properties are optimised with YBa2Cu 307. This talk summarizes the current state
respect to particular applications. Examples of of research on high temperature superconducting
high Tg phQtoactive LC side-chain polymers with oxides.
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X4 .1 ABSTRACT NOT AVAILABLE

X4 .2 ABSTRACT NOT AVAILABLE
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SPECIALTY CEMENTS WITH ADVANCED PROPERTIES 1:45 Y2.2
PORE STRUCTURE OF DSP PASTES DETERMINED BY

November 27-29, 1989 LOW ANGLE SCATTERING, T.A. Bier, University
of Illinois, Center for Cement Composite

SESSION Yl: PHOSPHATE CEMENTS Materials, Urbana, IL; J. Olek, D. Winslow,
Chair: A. Landers Purdue University, Department of Civil

Monday Morning, November 27 Engineering, West Lafayette, IN; and J.F.
Adams Room (W) Young, University of Illinois, Center for

Cement Composite Materials, Urbana, IL.
8:30 INTRODUCTION BY SYMPOSIUM CHAIRS

2:15 BREAK
8:40 INTRODUCTION BY SESSION CHAIR, A.

Landers SESSION Y2: RELATED TOPICS WITH
GENERAL INTEREST (II

8:45 *Yl.1 Monday Afternoon, November 27
SELF-SETTING CALCIUM PHOSPHATE CEMENT, Adams Room (W)
Laurence C. Chow, American Dental Associa-
tion Health Foundation, Paffenbarger 2:30 Y2.3
Research Center, National Institute of A STUDY OF LOW POROSITY POLYMERIZED 6-CS
Standards and Technology, Rockville, MD. PASTE, Lu Ping, Zhao Jin and Shen Wel,

Tongji University, Department of Materials
9:30 Y1.2 Science and Engineering, Shanghai, China.

THE SOLUTION CHEMISTRY OF CALCIUM PHOSPHATE
CEMENT, Paul W. Brown, David Sample and 3:00 Y2.4
Nancy Hocker, Pennsylvania State University, MORPHOLOGY AND LONG TERM BEHAVIOR OF POLYMER
Department Materials Science, University CEMENT CONCRETE (PCC), K.P. Grosskurth,
Park, PA. Technical University Braunschweig, Institut

flar Baustoffe, Massivbau und Brandschutz,
10:00 Y Braunschweig, West Germany.
CALCIUM PHOSPHATE DENTAL CEMENT, Like Xie,
and E.A. Monroe, Alfred University, New York 3:30 Y2.5
State College of Ceramics, Alfred, NY. PREPARATION AND PROPERTIES OF ZNO-PAA

CEMENTS, A. Padilla, A. Vazquez, UNAM,
10:30 BREAK Instituto de Investigaciones en Materiales,

Mexico, Mexico; V.M. Castaho, UNAM, In-
10:45 Y1.4 stituto de Fisica, Mexico, Mexico.
LOW-TEMPERATURE (<3000 C) PHOSPHATE CERAMICS
FROM REACTIVE ALUMINAS, M.R. Silsbee, R. 4:00 Y2.6
Steinke, D.M. Roy, D. Agrawal and R. Roy, MICROSTRUCTURE, MASS TRANSPORT AND DEN-
Pennsylvania State University, The Materials SIFICATION OF SLAG-CEMENT PASTES, O.L. Feng
Research Laboratory, University Park, PA. and F.P. Glasser, University of Aberdeen,

Department of Chemistry, Old Aberdeen, Scot-
11:15 Y1.5 land.
INVESTIGATIONS ON PHOSPHATE CEMENTS HARDEN-
ING AT ROOM TEMPERATURE, Alfred Zfirz and 4:30 Y2.7
Ivan Odler, Technical University of Claus- HIGH WATER CEMENT RATIO CLAY CEMENT GROUTS,
thal, Institute of Nonmetallic Materials, Stephan A. Jefferis, Queen Mary College,
Clausthal-Zellerfeld, West Germany. University of London, Department of Civil

Engineering, London, United Kingdom.
SESSION Y2: SPECIAL PROCESSING (I) - DSP

Chair: L. Struble SESSION Y3: NEW CEMENT SYSTEMS
Monday Afternoon, November 27 Chair: Paul W. Brown

Adams Room (W) Tuesday Morning, November 28
Adams Room (W)

12:55 INTRODUCTION BY L. STRUBLE
8:25 INTRODUCTION BY SESSION CHAIR,

1:00 *Y2.1 Brown
ELEVATED TEMPERATURE BEHAVIOR OF DSP-TYPE
CEMENTS, Sean Wise, CEMCOM Corporation, 8:30 *Y3.1
Lanham, MD. STRATLINGITE-HYDROXYGARNET CEMENTS FROM

CaO-AI203-SiO 2 GLASSES, John F. Macdowell,
Corning Inc., Corning, NY.

*Invited Paper
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9:15 Y3.2 2:45 Y4.3
CHARACTERIZATION AND CEMENTITIOUS BEHAVIOR THE CHEMISTRY OF MDF CEMENTS PRODUCED FROM
OF A NEW REACTIVE ALUMINA, D.K. Agrawal, POLYACRYLAMIDE-CEMENT WATER PASTES, M.R.
M.R. Silsbee, and R. Roy, Pennsylvania State Silsbee, D.M. Roy, Pennsylvania State
University, The Materials Research Labora- University, Materials Research Laboratory,
tory, University Park, PA. University Park, PA.

9:45 Y3.3 3:15 BREAK
THE HYDRATION AND CALCINATION MECHANISM OF
CALCIUM ALUMINATE BASED ULTRA-HIGH STRENGTH 3:30 Y4.4
CEMENT WITH CALCIUM SULPHOALUMINATE COM- IMPROVING THE WATER RESISTANCE OF MACRO-
POUND, Iwao Mino, Etsuo Sakai, Asaaki DEFECT-FREE CEMENT, M. Berg, P.P. Russell
Nishioka, Denki Kagaku Kogyo K.K. Research and J.F. Young, University of Illinois,
Center, Tokyo, Japan; and Masaki Daimon, Center for Cement Composite Materials,
Tokyo Institute of Technology, Department of Urbana, IL.
Inorganic Materials, Tokyo, Japan.

4:00 Y4.5
10:15 BREAK A VIEW OF MDF PASTES, M.R. Silsbee, M.

Perez-Pena and D.M. Roy, Pennsylvania State
10:30 *Y3.4 University, The Materials Research Labora-
PYRAMENT -- A CEMENT FOR THE 21ST CENTURY-- tory, University Park, PA.
AVAILABLE NOW, William D. Kirkpatrick, Lone
Star Industries, Research and Development 4:30 Y4.6
II, Pyrament Division, Houston, TX. PORTLAND CEMENT - BASED MDF CEMBENTS, J.

Falkner, and J. Francis Young, University of
11:15 Y3.5 Illinois, Urbana, Center for Cement Com-
NEW RAPID SETTING ALKALI ACTIVATED CEMENT posite Materials, Urbana, IL.
COMPOSITIONS, D.M. RoY and M.R. Silsbee,
Pennsylvania State University, The Materials SESSION Y5: RELATED TOPICS WITH
Research Laboratory, University Park, PA. GENERAL INTEREST (II)

Chair: P. Pratt
11:45 Y3.6 Wednesday Morning, November 29
CORROSION BEHAVIOR OF CONCRETE MADE WITH Adams Room (W)
PYRAMENT CEMENT, Harovel G. Wheat, Univer-
sity of Texas at Austin, Mechanical Engi- 8:25 INTRODUCTION BY P. PRATT
neering Department, Austin, TX.

8:30 Y5.1
12:15 Y3.7 CHEMICALLY BONDED CERAMICS, Paul W. Brown,
ALKALI ACTIVATED SLAG AND PORTLAND/SLAG Pennsylvania State University, Department of
ULTRAFINE CEMENTS, William J. Clarke, Materials Science, University Park, PA.
Geochemical Corporation, Ridgewood, NJ; and
Maan Helal, Northwestern University, 9:00 Y5.2
Evanston, IL. THE PROPERTIES OF GYPSUM - FREE PORTLAND

CEMENTS, Toma Vsete~ka, Building Research
SESSION Y4: SPECIAL PROCESSING (II) - MDF Institute, Prague, Czechoslovakia; Franti~ek

Chair: I. Odler tkvara and Jaroslav Hrazdira, Czechoslovakia
Tuesday Afternoon, November 28 Academy of Science, Institute of Glass and

Adams Room (W) Ceramics Chemistry, Prague, Czechoslovakia;
and Pius burovec, Cementwork Prachovice,

1:25 INTRODUCTION BY SESSION CHAIR, Prachovice, Czechoslovakia.
I. Odler

9:30 Y5.3
1:30 *Y4. LEACHABILITY OF CEMENT SOLIDIFIED INCINER-

MDF - AN OVERVIEW, J. Francis Young, ATOR WASTE, Tahar El-Korchi, Worcester
University of Illinois, Urbana, Center for Polytechnic Institute, Worcester, MA; David
Cement Composite Materials, Urbana, IL. L. Gress and Robin Collins, University of

New Hampshire, Department of Civil Engineer-
2:15 Y4.2 ing, Durham, NH.

FRACTURE TOUGHNESS OF MACRO-DEFECT-FREE
(MDF) CEMENTS BY INDENTATION TECHNIQUE, 10:00 BREAK
Yeong-Shyung Chou, J.J. Mecholsky Jr., M.R.
Silsbee, D.M. Roy, J. Adair, and P. Heiland,
Pennsylvania State University, The Materials
Research Laboratory, University Park, PA.
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10:15 Y5.4
THE CHEMISTRY OF AL-TOBERMORITE AND ITS
COEXISTING PHASES AT 175 0 C, Mary W. Barnes
and Barry E. Scheetz, Pennsylvania State
University, Materials Research Laboratory,
University Park, PA.

10:45 Y5.5
NUMERICAL SIMULATION OF THE FREEZING PROCESS
AND HYDRAULIC PRESSURE FIELDS IN A CEMEN-
TITIOUS MATRIX, Tahar El-Korchi, John M.
Sullivan Jr. and Andreas N. Alexandrou,
Worchester Polytechnic Institute, Worches-
ter, MA.

11:15 Y5.6
STRUCTURE AND PROPERTIES OF ALKALI SILICATE
BASED BINDERS, Ivan Odler and Ulrich
Hennicke, Technical University of Clausthal,
Institute of Nonmetallic Materials, Claus-
thal-Zellerfeld, West Germany.

11:45 CLOSING REMARKS BY SYMPOSIUM CHAIR
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Yl.l ABSTRACT NOT AVAILABLE Y2.2

Y1.2 ABSTRACT NOT AVAILABLE PORE STRUCTURE OF DSP PASTES DETERMINED BY LOW
ANGLE SCATTERING. T. A . i, J. Olek

2
, D. Winslow

2 and J.

Y1.3 F. Young' (1) Center for Cement Composite Materials, University of
Illinois, Urbana, IL; (2) School of Civil Engineering, Purdue

CALCIUM PHOSPHATE DENTAL CEMENT. Like Me and E. University, W. Lafayette, IN.
A. Monroe, New York State College of Ceramics, Alfred
University, Alfred. NY, 14802. DSP (Densified with Small Particles) cement pastes wre prepared

using a high alite Portland cement and varying amounts of high quality
by-product silica fume. Previous work has shown that DSP pastes

Cement systems composed of mixtures of various calcium phosphate have a particularly fine pore structure which is very sensitive to
powders and aqueous solutions of H3PO4, Ca(OH)2 or NI2SIO4 which removal of water. Even solvent replacement drying is likely to cause
can yield a reaction product of hydroxyapatlte, Ca5(PO4)3(OH), were permanent changes. Thus saturated pastes were examined by low

Investigated. The Investigated powder mixtures contained angle scattering with varying hydration times and fume contents. The
tetracalclum phosphate(Ca4P209) plus one of the following: results will be compared to those obtained by nitrogen adsorption
brushlte(CaHP04.2H20), monetlte(CaHPO4), tricaiclum phosphate studies on pastes dried by methanol replacement.

(Ca3(P04)2), and octacalcium phsphate(CSOH2(PO4)e.5H20). In
order to determine the optimal conditions for cement setting Y2.3

reactions, first reactions of powder mixture In dilute solutions were A STUDY OF LOW POROSITY POLYMERIZED B-C 2 S PASTE.
performed. Using these dilute solution reactions as a foundation, Lu Ping, Zhao Jin and Shen Wei, Department of

cement systems were then formulated. The reaction products of Materials Science and Engineering, Tongji Univer-

cement system were characterized by both powder X-ray diffraction sity, Shanghai 200092, China.I analysis and Infrared spectroscopy.
q A high active B-C 2 S is used in this paper to

The cement system of tetracalcium phosphate and brushite hardened prepacti e hardeed inthi p oe to

Int asold ompse ofhyroyaptie wthn aresonbl ~prepare polymerized hardened paste with low po-into T solid com ad of hydroxyaptote within m reasonable short rosity by compacting under pressure of 250 MPa
time. Thee imeandstrngthdependedonboth compositionand in water/solid ratio of 0.12. XRD, HIP, SEM-SMPA
content of liquid. Aditives of CaF 2 and hydroxypate promoted the and GPC techniques are employed to detect micro-

formatLion of hydroxyapatle and reduced the settlng time. structure of the paste before and after adding

inorganic complex ion Fe
2 + 

and Ni
2
+ or organic

The blocompatlbUlty was also Investigated by Implanting cement into silane VTES.
the jaw bone of rats for up to 12 weeks, and evaluating them both
clinically and histologically by microscopy and SEM. The results The test results indicate that the inorganic

Indicated that the cement containing tetracalcium phosphate and ions and organic silane can take part in poly-

brushite was the optimum composition for both bocompatlblty and merizing reaction during hydration of the B-C 2 S

shot setting time. paste, it makes the content of polymer in it

Yl.4 distinctly increase, and average C/S ratio dec-
rease to lower than 0.8. The intrinsic properties

LOW-TEMPERATURE (. 300°C)PHOSPHATE CERAMICS FROM of C-S-H gel in the paste thus can be greatly

REACTIVE ALUMINAS. M Silsbeet, R. Steinke, D.M. Roy, D. improved, resulting in further development of

Agrawal, R.Roy, The Materials Research Laboratory, Pennsylvania State mechanical strength of this low porosity paste.

University, University Park, Pa. The highest compressive strength has achieved

316 MPa. Meanwhile, the fracture energy of the
Reactive aluminas including rapidly calcined gibbsites offer exciting materials increases and the brittleness decreas-

potential for forming ceramic materials at low temperatures. New x-ray es.

amorphous aluminas will react with water at room temperatures to form
compacts with 10 - 50 MPa tensile strengths, via viscous slurries. The Y2.4
cementitious behavior of these materials has been examined. The results
of TGA, X-ray, SEM, isothermal calorimetry, mechanical properties and MORPIOLOGY AWD LONG TERN BEHAVIOUR OF POLYMER CEMENT

other characterization techniques as applied to these systems will be CONCRETE (PCC) . K. P. Grookurth, Institut f r Baustoffe,

discussed. Hassivbau und Brandschutz, TU Braunschweig, Vest-Germany.

yi.5 PCC represents a heterogeneous material whose properties,

INVESTIGATIONS ON PHOSPHATE CEMENTS HARDENING AT compared with conventional concrete, are additionally

ROOM TEMPERATURE: Alfred Zirz and Ivan Odler. influenced by the strongly temperature dependent

Technical University of Clausthal, ClausthaI- polymeric behaviour. In the hydraulic binder film-formed
zellerfeld, Fed.Rep.Germany polymers obviously form a second coherent co-matrix

system which couples to the surface of the aggregates and

Cements with high early strength can be prepared intersperses the hydrated cement in the form of links and

from magnesium oxide MgO and various soluble porous polymeric membranes. Therefore the polymeric co-

phosphates. The strength depends strongly on the matrix system is able to absorb and transfer power due to

quality of the MgO employed and the kind of phos- its structural conditions. Because of their visco-elastic

phate and retarder used. In this paper various state under normol temperature conditions film-formed

phophate binder systems have been studied and polymeradditives are only able to increase deformability

their strength properties and structure are re- and to decrease the elastic modulus and strength of

ported. Intensive investigations were done espe- concrete. To get an stabilization effect the temperature

cially on the system MgO/(NH4 ) 2 HP0 4 . of application has to range below the glass transition
temperature of the polymer.

For the use of modified concrete it is important to have
Y2.1 ABSTRACT NOT AVAILABLE good knowledge of its long-term behaviour of strength and

deformability. The test results of compressive strength

show that the delayed rise of strength increases with
rising polymer content: PCC with polymer to cement ratio

of p/c - 0.15 will achieve strength of ordinary cement

concrete only after two years. The structure of polymeric
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matrix may be the reason for the delayed hydration. The an effect yet to be observed in concrete. The grouts are of
polymeric intermediate layers obstruct diffusion proces- relatively high permeability compared with concrete and so
sea as these processes take place in cement hydration, the effects of deleterious chemicals can be investigated
Investigations of PCC-creep under constant stress indica- quite rapidly. For example it is possible to demonstrate a
te rising deformability with increasing polymer content, chromatographic separation of adsorbed species - a phenomena
because of their visco-elastic state the polymeric inter- that will occur in concrete but only over a very extended
mediate layers form slip planes in the binder. timescale. In summary these grouts are useful not only in
Y2.5 the field for their special application but also in the

l aboratory as modelling materials that may shed new light on
PREPARATION AND PROPERTIES OF Zn 0- PAA CEMENTS. A Padi- the behaviour of cementitious systems and in a much shorter
lla, A. Vjzquez, Instituto de Investigaciones en Materia- timescale than concrete or low water cement ratio grouts.
les, U.N.A.M., A. P. 70-360, Mdxico, D. F. 04510 and V. M.
Castaho, Instituto de Ffsica, U.N.A.M., A. P. 20-364,Tf Y3.1 ABSTRACT NOT AVAILABLE
xico, D. F. 01000.

Special low-temperature-processed cements based in ZnO and Y3.2
polyacrilic acid (PAA) were prepared. A detail study of CHARACTERIZATION AND CEMENTITIOUS BEHAVIOR OF A NEW REACTIVE
the influence of various physico-chemical parameters (i.e. ALUMINA. D.K. Agrawal, M.R. Silsbee and R. Roy, Materials
viscosity, solids content, polymer content, PH, etc.) upon Research Laboratory, The Pennsylvania State University,
the performance of the resulting material is presented. University Park, PA 16802-4801.
Also, the mechanical properties (elastic modulus, fracture
toughness, etc.) of the cements were analyzed as well as Highly reactive alumina (from Rhone-Poulenc) which is x-ray
the corresponding microstructure by using electron micros- amorphous, offers a great potential as an Al-source
copy. precursor for forming low temperautre chemically bonded

ceramics. This alumina was characterized for its thermal
Y2.6 behavior, structure, hydration reaction kinetics using XRD,

TGA, DTA, IR, isothermal calorimetry, and the data areMICROSTRUCTURE, MASS TRANSPORT AND DENSIFICATION OF SLAG- compared with those of other conventional aluminas and
CEMENT PASTES. Q.L. Feng and F. P. Glasser, Department precursors such as a-A1203, gibbsite and boehmite. Theof Chemistry, University of Aberdeen, Old Aberdeen, results of hydration studies will also be presented.
AB9 2UE, Scotland.

An important property of well-cured slag-cement blends is Y3.3
their low permeability. The densification process in slaa- THE HYDRATION AND CALCINATION MECHANISM OF CALCIUM ALUMINATE
cement blends has been followed by electron microscopy and BASED ULTRA-HIGH STRENGTH CEMENT WITH CALCIUM SULPHOALUMINATE
electron microanalysis to determine changes to the matrix COMPOUND lwao Mino*, Etsuo Sakai'. Asaaki Nishioka", Masaki
microstructure and mineralogy. Briefly, rg in the slag Daimon", "DENKI KAGAKU KOGYO K.K.Research Center, 3-5-1 Asahi-
remains on the site of former glassy slag grains, but com-
bines with enough At to give a hydrotalcite phase: some cho Machida-shiTokyo, 194.JAPAN, "Dept.of Inorganic Materials.
Ca and Si also remain, probably as C-S-H, but much Ca and Tokyo Institute of Technology,2-12-1 0-okayama-cho Meguro-ku.
Si migrate into the paste matrix. This transfer of chemi- Tokyo,152,JAPAN
cal substance provides the driving force for matrix densi- The authors have reported about the calcium aluminate based
fication. Mass balance calculations are used to support ultra-high strength cement, or the densified system containing
these observations and to generalize on them, so the extent homogeneously arranged ultra-fine particles(DSP). with highly
of densification potential can be calculated for various
blend proportions as well as for slags having different improved bending strength and relatively large hardening
chemical compositions. Specimen calculations are presented. shrinkag. This report deals with the hydration and calcination
Quality assurance of slag is to be optimized. The ability mechanism of calcium aluminate based DSP with calcium sulpho-
to calculate the potential for densification, at least in aluminate. The hardening shrinkage becomes nearly zero, and
principle, is seen as an important step forward in design very high bending strength can be obtained by calcining at
for durability. 300-600 *C. The starting materials are a calcium aluminate
Y2.7 compound, silica fume. calcium sulphoaluminate and superplasti-

HIGH WATER CEMENT RATIO CLAY CEMENT GROUTS Stephan A. -izer. and the water to solid ratio is 0.15-0.25. The hydration
Jefferis, Queen Mary College, University of London, U.K. and calcination mechanism and morphology are studied by means of

XRD, thermal analysis(DSC), Hg-porosimetry and SEM/EDS. TheHigh water/cement ratio clay cement grouts now find wide
application in the formation of underground cut-off walls main hydration products are C.AH., All, and ettringite, forming

for groundwater control and toxic waste containment. To a densely packed structure together with a large amount of un-
form a cut-off wal I a trench is excavated and kept reacted cement particles. The hardening shrinkage is remarkably
continuously filled with the fluid grout which must reduced, because of the ettringite formation in the early stage.
stabilise the excavation much as a drilling fluid stabilises The bending strength is about 550Pa, when calcined at 600 TC.
an oilwell during drilling. On completion of the excavation
the grout must set to form a material with strength and CIA, and CS are identified by XRD. needle-shaped skeleton of
permeability comparable to that of a clay. The grouts ettringite crystals are observed by SEN. It is suggested that
therefore have to meet rather unusual specifications. chemicaly bonding substances are C,A,,, amorphous Al,0,. and CS

in calcined calcium aluminate based DSP with ettringite.
In addition to their use in the field it has been found that
they can offer great advantages in the laboratory as
modelling materials for cement systems. The high water Y3.4 ABSTRACT NOT AVAILABLE
cement ratio makes them very sensitive to shear level during
mixing, cement admixtures, deleterious chemicals, etc. Y3.5
Their properties are also highly sensitive to the use of fly
ash and ground granulated blast furnace slag as cement NEW RAPID SETTING ALKALI ACTIVATED CEMENT

replacements. In particular it is found that the percentage COMPOSITIONS, D.M. &oU and M.R. Silsbee,The Materials Research
replacement rather than the absolute quantity is significant Laboratory, Pennsylvania State University, University Park, Pa.
and it is possible to design e material that gets weaker as

nthe total quantity of cementtous material ts increased - Recently a new rapid setting cement composition has been marketed
e tunder the trade name "Pyrament'. This cement is an alkali-activated
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blended cement composition that relies on the action of soluble alkalis The ultimate (apparent) toughnes hi are 1.3 MPa.ml/ 2 for low (3 v%)on fine-grained non-crystalline alumino-silica tes to produce high early plmrcnetad22Mam1  o ih( % oye otn

strengths. This report examines possible reaction mechanisms of cement Electron micrographs showed a sponge-like microstructure
"synthetic' compositions developed in our own laboratory. The for the high polymer cement and microcracking for the low polymer
possibility of utilizing these rapid setting compositions to produce MDF cement. The effects of microstructure on fracture toughness are
cements is also addressed. Comparisons are made with the properties of discussed.
manufactured "Pyrament" cement.

Y3.6 Y4.3

CORROSION BEHAVIOR OF CONCRETE MADE WITH THE CHEMISTRY OF MDF CEMENTS PRODUCED FROM

pYRAMENT CEMENT. Har vel.. ,= Mechanical POLYACRYLAMIDE-CEMENT WATER PASTES. MR. lSaee and

EngineeringUniversity of Texas at Austin D.M. Roy, The Materials Research Laboratory, Pennsylvania State
University, University Park, Pa.

The corrosion resistance of concrete specimens made using It is generally accepted that the role of the polymers in these systems is
cement having the trade name Pyrament has been determined more complex tMan simply acting as a procassing aid. The polymer
by means of polarization resistance and Electrochemical Impedance interacts it, some way with the cations released from the cement to form
Spectroscopy. Three water-cement ratios were tested, namely 0.25, a metal cros-linked polymer gal. Studies on complex formation in
0.27, and 0.29. Based on tests conducted on samples continuously polymer Sels have shown that there is often an unusual specificity in the
immersed in a 3.5 % NaCI solution as well as those subjected to ions resulting in the highest degree of complexation. In addition gelation
alternating wetting and drying conditions for over a year, the specimens often occurs only within a narrow pH regime. !ence, the results shown
have exhibited remarkable corrosion resistance. The results of electro- here will attempt to examine the effects of altering the cement
chemical testing as well as surface analysis data will be given, chemistry on strength development In calcium silicate cement based

Y3.7 systems.

ALKALI ACTIVATED SLAG AND PORTLAND/SLAG Y4.4
ULTRAFINE CEMENTS. William J.Clarke, Geochemical IMPROVING THEWATRRESISTANCE OMACRO-DEEC:r-
Corporation, Ridgewood, NJ; and Maan Helal,
Northwestern University, Evanston, IL. CFE MN. bo Be P.P.o ehand. .Centerf0

Cemnrt Ckmposi Mlaterials. Univ. of Illinois, Urbana. IL 61801

Ultrafine Alkali Activated Slag (AAS) and Port-
land/Slag (P/S) cements have been commercially
available in the United States for 2 and 5 years ad pol en madeiwithos alcim ih

respectively. Ultrafine cements have been re- conncomantp s a.vih pc v

searched at Northwestern University for 6 years.

Particle size of the ultrafine slag is 2 percent Ta;of mot m llnbedcussed an esndoe

at 7 micron and 50 percent at 3 micron... ulta- par o f o cmeru t wll e conerdngagein
fine portland/slag is 2 percent at 10 micron and stlhas boncac acoi um=cmplxhm be =died
50 percent at 4 micron. The use of sibae copig agens is mroid= pnxning approad.

Chemical composition of the slag is 35 percent Y4.5
SiO5, 16 percent Al503 and 43 percent Cad. Coin- A VIEW OF MDF PASTES. MR. Silsbee, M. Perez-Pena, and D.M.
position of the 50 ercent portland/50 percent Roy, The Materials Research Laboratory, Pennsylvania State University,
slag cement is between portland and slag. University Park, Pa.

Both ultrafine cements permeate fine sands at The addition of water soluble polymers to cements pastes (MDF
higher water cement ratio. Viscosity plays an cements) has been examined. The microstructures observed are distinctly
important part in the permeation mechanism ... different from those found in more traditional materials. The hydration
both grouts are below 10 cps at 2:1 water cement products formed tend to be produced in lesser amounts and with
ratio. This low viscosity is obtained through different morphologies as compared to traditional materials. The results
superplasticizing with naphthalene sulfonate and of SEM, EDX and automated image analysis techniques will be
acrylic acid polymers, presented.

Application of the ultrafine cements includes dam Y4.6 ABSTRACT NOT AVAILABLE
grout curtain rehabilitation, consolidation
grouting and nuclear and hazardous waste contain- Y5.1 ABSTRACT NOT AVAILABLE
ment. One hundred and twenty metric ton of port-
land/slag cement has been used for hazardous Y5.2
waste containment at Niagara Falls, New York. THE PROPERTIES OF GYPSUM - FREE PORTLAND CEMENTS

Tomd§ Vgetetka, Building Research Institute (VOPS)
Y4.1 ABSTRACT NOT AVAILABLE Prague, Frantiiek Skvira, jaroslav Hrazdira,

Institute of Glass and Ceramics Chemistry, Czecho-
Y4.2 slovak Academy of science, Pius Ourovec, CEMENT-

FRACTURE TOUGHNESS OF MACRO-DEFECT-FREE (MDF) WORK Prachovice.

CEMENTS BY INDENTATION TECHNIQUE. Yeong-Shyung
£=,h i. J. 3- Mecholsky. Jr., M. Silsbee, D. M. Roy, J. Adair, P. Gypsum-free Portland cements (GF cements) comprise

Heiland, Materials Research Laboratory, The Pennsylvania State the system ground clinker with a specific area

University, UniversityPark, PA168 0 2 . of 350-500 m2kg-1 - grinding aid-a surface-active
substance with hydroxyl groups (sulphonated poly-

The fracture toughness of MDF cement with different polymer phenolate)-alkali carbonate. The physics-chemical

contents has been investiated by the indentation-strensth method and character and the amount at the grinding aid play
fracture surface analysis. Samples werecut intobeams, indented at an importand part in the process of liqeufaction
loadsfromlKStolSKgandbroken in3-pntflexure Itwasfound and hydration of GF cements. The primary advanta-
that the fracture toughness obtained bythese two differnt techniques ge of GF cements is based on the workability of
showed good agreement for te low (3v%) polymer eement. R-curve pastas, mortars and concrete at low water-to-ce-
behavior, i.e., increasing crack-growth-resistance was also observed. ment ratios, due to the synergic effect of the re-
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gulating admictures (grinding aid-surface active 3C&SA1 0 7 S3O IS.(0H), 4H20+ 2NA+ i.SSi406(0H)2*-#
sub.-alkali carbonate). Using various proportions '4 6"'
of the regulating admixtures, it is possible to Na+Ca1 4 Si 22 M 2 0$ 8 (Ol) 5 "H 2 0+ 2H20+CS .311"
control, with a high degre3 of reliability, the

hydration process and thus also the required pro- 10g K (couceutrations) US .+ 0.35.
perties of the composites. The GF cements chara-
cteristically very high early strenghts within Y5.5
1-24 hours (mortars 2-6 MPa after 2 h, 30-50 MPa NUMERICAL SIMULATION OF THE FREEZING PROCESS AND
after 24 h and 60-100 MPa after 28 days, compre- HYDRAULIC PRESSURE FIELDS IN A CEMENTITIOUS MATRIX.
siive strenght of concrete, 25-60 MPa within 24 h ,ahatElKorchi.JohnM. Sullivan, Jr. andAndreasN. Alexandrou,
and 60-110 MPa after 28 days; in the case if spe-
cial concrete, 20-30 MPa, 80-100 MPa and more then WorcesterPolytechnic Institute, Worcester, MA 01609
140 MPa after 8 hours, 24 hours and 28 days res- In severe cold climates, damage to concrete structures can be caused by
pectively). Additional specific properties of the frost acion or cycles of frezing and thawing. Thedegreeandmechanism
GF cements include setting and hardening at sub- of freeze-thaw deterioration is a complex phenomenon and depends on the
zero temperattures, resistance to aggresive microstructure of te particular material as weL as environmental conditions.
media. Industrial production of the GF cements Current practice for evaluation of cemntitious materials to freeze-thaw
was started in 1989. cycles involves lengthy and costly experimental procedures. Hence, it is
Y5.3 very desirable to predict the freeze-thaw durability of construction materials

based on physio-chemical characteristics of the matrix. For this purpose a
LEACHABILITY OF CEMENT SOLIDIFIED INCINERATOR WASTE. numerical model has been developed that predicts the solidification process

IahaLEl-rc - i, Worcester Polytechnic Institute, Worcester, and hydraulic pore pressures in saturated porous materials.

MA 01609, David L. Gress, and Robin Collins, University of New The nonlinear, coupled governing equations are used in both the frozen and
Hampshire, Durham, N.H. 03824. unfrozen phases. The hydraulic pressure generated by the volume

expansion of water during freezing is solved assuming a perfectly elastic
continuum. Realistic pore size distributions in cemenitious materials are

The leachability of cement solidified incinerator waste was simulated The temperature dependency of the thermal properties (specific
conducted using a weak acid. The release of heavy metals (i.e. heat capacity, thermal conductivity and latent heat of fusion) is incorporated

in the numerical model. Due to the large range of pore sizes in cementitious
materials the freezing point depression plays a major role in the transient

function of pH and alkalinity of the leachate. simulation and is handled as a function of local curvature of the interface.
The interfacial boundary conditions preserve the balance between the

Microstructural characterization of the matrix was conducted sensible heat transported away from the interface into the frozen and
unfrozen zones and the latent heat of fusion released during solidification at

prior and during the leaching process using scanning electron the interface. Additionally, the microscopic behavior of the interface due to
microscopy and X-ray mapping. The heavy metals affected the local pore size distribution effects are incorporated.
morphological features of the early hydration products as well Results are compared to various analytic solutions where available and to
as the crystalline formation of the heavy metal complex, existing experimental data. The simulations predict the transient

solidification front and hydraulic pore pressure fields within the porous
Solubility of the metal and effective release was highly matrix with fidelity.

dependent on the pH of the leachate and neutralization of the Y5.6
alkalinity. The metal release is also dependent on the STRUCTURE AND PROPERTIES OF ALKALI SILICATE BASED
physicio-chemical integrity of the hydration products. BINDERS. Ivan Odler and Ulrich Hennicke. Technical

University of Clausthal, Clausthal-Zellerfeld,
A leaching model is proposed based on metal release and Fed. Rep. Germany

microstructural dependence. A local leaching front is Water solutions of sodium silicate Na2O x n SiO2
recognized as an integral part of the rate of metal release react with sodium fluosilicate Na2 SiF6 to yield
combined with diffusion and/or dissolution from the silica rich Sic 2 and NaF. This reaction is associated with a

setting and hardening of the system. The hardened
residual skeleton. material consist of anamorphous Si0 2 matrix with
Y5.4 embeded NaF. Within the present paper the kine-

tics of the reaction, the structure of the harde-
THE CHEMISTRYOFAL-TOBERMORTEANDITS ned material and its properties are reported.
COEXISTING PHASES AT 175'C. Mary W. Barnes and Barry
E. Scheet, The Pennsylvania State University, University Park,
Penasylvania.

Synthesis of Al-tobermorite were made at 175"C at Ca/Si w 0.7 -
1.16 and AJ/(AI + Si) - 0.12. Two regions were observed. At
Ca/SI < 1 in the presence of Na, reyerite coexists with tobermorite.
Ca is low, approximately 0.0003 molal, while Si is high about
0.01 molal. At C/Sli - I only obertouite was observed. At Caii
> I hydrogamt coexists with tobermorite, Ca is relatively high
about 0.003 mold, and Si is relatively low, equal to or less than
0.002. Because die interlayer scing of tobermorite is constant
for this serles at 11.41 * 0.02 A, the Al content of the solid is
assumed to be constant ad equal to the analyzed value for the solid
products of the runs at Ca/Si a I.0, in which only tolermtite was
observed: Al a 0.7 mol/5 mol Ca. The No conSent observed in
these same solids depended on the delre of rinsing; for a
double-rinsed sample Na - 0.1 mo/s mol Ca. It is therforc
concluded that under these conditions, Na + Al does not substitute
forSL The mtu1oe-ttyeft reaction may be wrimn:
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Also available on VHS and U-Mafe: "High Temperature Superconductors," tapes of two recent MRS Symposia;
and Linus Pauling's Plenary Address at the 1989 MRS Spring Meeting.
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Monegmh by two

in fte W~k..

Pdncdples and Applatons to Mataedals ProblesONLYRAVAILAM THE I
by MATERIALSU

M.K. Mlle Oak Ridge National Laboratoy RESEARCH SOCIETY
G.o.W. Smith, Untilrity of Oxtd

CoIfno advs cove as. Ecitk 1w clas un . Com. Ilniew Copie Oniw hIfnatlou:
The first monograph to address Material presented in Atom Probe Instructors may examine Atom Atom Probe Microanalysis
this increasingly important sub Microanalyss has been success- Probe Microanalysis at no charge ISBN: 0-931837-99-5
et Atom Probe Microanalysis fully tested in the classroom. Drs. for 15 days. Contact the MRS Order Code: APM

offers a practical guide to the Miller and Smith introduced their Publications Department at (412) $4000 MRS Members
process and technique of study- popular short course on the atom 367-3012 for details. $4700 U.S. List
ing materials at the atomic level. It probe at the 1987 MRS Fall $5600 Elsewhere
provides an up-to-date introduc- Meeting in Boston, and since that Visit the MRS
tion for nonspecalists as well as time the book has served as a Pub l tins De
helpful reference for those already core reference for that class.
working in the field. for mom Ifomation

MRS accepts check or money order (payable in U.S Dollars), purchase order, andVisa, Mase Card and Diner's Oub cards Order from the Materials Rach "in 8flo, M 1de E,,W '
f- Ciarke ASWeO"i E WOM LidSociety. Publications Deprtment. 9800 McKnight Road, Pittsburgh. PA 15237 So.Acw., B iDE M,,O

US A .teleptione (412) 367.3012; fax (412) 367-4373 o 022268964 F 02 ? 24.
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; 1990 SPRING MEETING.
April 16-21, San Francisco, California

Meeting Chairs

John C. Brvman C. Jeffrey Brinker William H. Butler
Stanford University Sandia National Laboratories Oak Ridge National Laboratory
Department of Materials Division 1846 Building 4500S

Science & Engineering P.O. Box 5800 P.O. Box 2008, MS 114
Building 550 Albuquerque, NM 87185 Oak Ridge, TN 37831-6114
Stanford, CA 94305 Telephone (505) 846-3552 Telephone (615) 574-4845
Telephone (415) 723-3698 FAX (505) 846-5064 FAX (615) 574-7721
FAX (415) 725-4034

SYMPOSIUM A SYMPOSIUM F
BETTER CERAMICS THROUGH CHEMISTRY IV DEGRADATION MECHANISMS IN Ill-V COMPOUND
C.J. Brinker, Sandia National Laboratories, SEMICONDUCTOR DEVICES & STRUCTURES
(505) 846-3552, FAX (505) 846-5064 V. Swaminathan, AT&T Bell Laboratories,
D.E. Clark, University of Florida, (904) 392-7660, (201) 582-4981, FAX (201) 582-5917
FAX (904) 392-6359 Stephen J. Pearton, AT&T Bell Laboratories,
Donald R. Ulrich, Air Force Office of Scientific (201) 582-4757, FAX (201) 582-5917
Research, (202) 767-4963 Omar Manasreh, Wright Research & Development
Brian J.J. Zelinski, Arizona Materials Laboratories, Center, (513) 255-4474, FAX (513) 255-5375
(602) 322-2977, FAX (602) 322-2993 SYMPOSIUM G
SYMPOSIUM B MATERIALS ISSUES IN ART AND ARCHAEOLOGY II
ADVANCED METALLIZATIONS IN James R. Druzik, Getty Conservation Institute,
MICROELECTRONICS (213) 822-2299; FAX (213) 821-9409
Avishay Katz, AT&T Bell Laboratories, (201) 582-2261, Pamela B. Vandiver, Smithsonian Institution,
FAX (201) 582-5917 (301) 238-3734, FAX (301) 238-3667
Shyam R Murarka, Rensselaer Polytechnic Institute, George Wheeler, Metropolitan Museum of Art,
(518) 276-2978, FAX (518) 276-8761 (212) 570-3858, FAX (212) 570-3879
Ami Appelbaum, Rockwell International Corporation, SYMPOSIUM H
(214) 996-6522, FAX (214) 996-5545 MATERIALS FOR SENSORS AND SEPARATIONS
SYMPOSIUM C Marc Anderson, University of Wisconsin-Madison,
POLYSILICON THIN FILMS AND INTERFACES (608) 262-2470, FAX (608) 262-0454
Bruha Raicu, Integrated Technology Associates, John Armor, Air Products and Chemicals, Inc.,
(408) 773-8614; FAX (408) 235-7028 (215) 481-5792, FAX (215) 481-4600
T. Kamins, Hewlett-Packard, (415) 857-5470, D. Jed Harrison, University of Alberta, (403) 492-2790,
FAX (415) 857-5308 FAX (403) 492-8231
Carl V. Thompson, Massachusetts Institute of Antonio J. Ricco, Sandia National Laboratories,
Technology, (617) 253-7652, FAX (617) 258-8539 (505) 846-4947, FAX (505) 846-2009
SYMPOSIUM D SYMPOSIUM I
CRITICAL CURRENTS IN HIGH-TEMPERATURE ALLOY PHASE STABILITY AND DESIGN
SUPERCONDUCTORS G. Malcolm Stocks, Oak Ridge National Laboratory,
John R. Clem, Iowa State University, (515) 294-4223, (615) 574-5163, FAX (615) 574-7721
FAX (515) 294-0689 David R Pope, University of Pennsylvania,
Jack W. Ekin, National Institute of Standards & (215) 898-9837, FAX (215) 898-1130
Technology, (303) 497-5448, FAX (303) 497-5316 Anthony F. Giamei, United Technologies Research
Sungho Jin, AT&T Bell Laboratories, (201) 582-4076, Center, (203) 727-7172, FAX (203) 727-7669
FAX (201) 582-2913 SYMPOSIUM J
Donald M. Kroeger, Oak Ridge National Laboratory, THIN FILM STRUCTURES AND PHASE STABILITY
(615) 574-5155, FAX (615) 574-6073 Bruce M. Clemens, Stanford University, (415) 725-7455,
SYMPOSIUM E FAX (415) 725-4034
HIGH RESOLUTION ELECTRON MICROSCOPY OF William L. Johnson, California Institute of Technology,
DEFECTS IN MATERIALS (818) 356-4433, FAX (818) 795-1547
Robert Sinclair, Stanford University, (415) 723-1102, SYMPOSIUM K
FAX (415) 725-4034 THIN FILMS: STRESSES AND MECHANICAL
Ulrich Dahmen, University of California, Berkeley, PROPERTIES II
(415) 486-4627, FAX (415) 486-4888 Warren Oliver, Oak Ridge National Laboratory,
David J. Smith, Arizona State University, (615) 576-7245, FAX (615) 574-7721
(602) 96545 Mary Doerner, International Business Machines,

(408) 284-8369, FAX (408) 256-8481
George Pharr, Rice University, (713) 527-8101, Ext.
3573, FAX (713) 285-5136, Bitnet: PHARR@RICE
Franz R. Brotzen, Rice University, (713) 527-8101,
FAX (713) 285-5136
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SYMPOSIUM L SYMPOSIUM S
MICROWAVE PROCESSING OF MATERIALS PHYSICAL PHENOMENA IN GRANULAR
William B. Snyder, Oak Ridge National Laboratory, MATERIALS
(615) 576-2178, FAX (615) 574-8216 Theodore H. Geballe, Stanford University,
Willard H. Sutton, United Technologies Research (415) 723-0215, FAX (415) 723-0010
Center, (203) 727-7639, FAX (203) 727-7669 Ping Sheng, Exxon Research & Engineering,
D. Lynn Johnson, Northwestern University, (201) 730-2870, FAX (201) 730-3042
(312) 491-3584, FAX (312) 491-4133 G.D. Cody, Exxon Research & Engineering,
Magdy F. Iskander, University of Utah, (801) 581-6944, (201) 730-3022; FAX (201) 730-3042
FAX (801) 581-8692 SYMPOSIUM T
SYMPOSIUM M SUPERPLASTICITY IN METALS, CERAMICS, AND
PLASMA PROCESSING AND SYNTHESIS OF INTERMETALLICS
MATERIALS Merriea J. Mayo, Sandia National Laboratories,
Diran Apelian, Drexel University, (215) 895-1541, (505) 846-3551, FAX (505) 846-5064
FAX (215) 895-4929 Jeffrey Wadsworth, Lockheed Missile & Space Co.,
Julian Szekely, Massachusetts Institute of Technology, Inc., (415) 424-2234, FAX (415) 354-5415
(617) 253-3236, FAX (617) 2538124 Masaru Kobayashi, Technological University of
SYMPOSIUM N Nagaoka, Japan, 0258-46-6000, Ext. 7120,
LASER ABLATION FOR MATERIALS SYNTHESIS FAX 0258-46-6972
David C. Paine, Brown University, (401) 863-1457, Amiya K. Mukherjee, University of California at Davis,
FAX (401) 863-1157 (916) 752-1776; FAX (916) 752-8058
John C. Bravman, Stanford University, (415) 723-3698, SYMPOSIUM U
FAX (415) 725-4034 MATERIALS INTERACTIONS RELEVANT TO THE

SYMPOSIUM 0 PULP, PAPER AND WOOD INDUSTRIES
AMORPHOUS SILICON TECHNOLOGY - 1990 June D. Passaretti, Pfizer Minerals Research Center,

PC. Taylor, University of Utah, (801) 581-4484, (215) 861-3431, FAX (215) 861-3412
FAX (801) 581-4801 Daniel Caulfield, USDA Forest Service, (608) 231-9436,
Malcolm J. Thompson, Xerox PARC, (415) 494-4561, FAX (608) 231-9592
FAX (415) 494-4919 Rustum Roy, Pennsylvania State University,

PG. LeComber, University of Dundee, United Kingdom, (814) 865-3421, FAX (814) 865-2326
44-382-23181, FAX 44-382-201604 Vance Setterholm, USDA Forest Service,
Y. Hamakawa, Osaka University, Japan, 81-6-844-1151, (608) 264-5878; FAX (608) 264-5692

FAX 81-6-853-1362 SYMPOSIUM V
Arun Madan, Colorado, (303) 526-9016, EPITAXIAL HETEROSTRUCTURES
FAX (303) 526-1718 Don W Shaw, Texas Instruments, Inc., (214) 995-4788,

SYMPOSIUM P FAX (214) 995-5539
SURFACE AND NEAR SURFACE STRUCTURE OF John C. Bean, AT&T Bell Laboratories, (201) 582-3324,POLYMER INTERFACES FAX (201) 582-3901Jeffry A. Kelber, Sandia National Laboratories, Vassilis G. Keramidas, Bellcore, (201) 758-3353,(505) A. FAX (505) 84n- br24 FAX (201) 758-9626
(505) 844-5436, FAX (505) 844-9624 Paul S. Peercy, Sandia National Laboratories,
Ralph G. Nuzzo, AT&T Bell Laboratories, (505) 844-4309, FAX (505) 846-2009
(201) 582-5486
Matthew V. Tirrell, University of Minnesota, SYMPOSIUM W
(612) 625-0192, FAX (612) 626-7246 WORKSHOP ON SPECIMEN PREPARATION FOR
Ernesto Occhiello, Istituto Guido Donegani, Italy, TRANSMISSION ELECTRON MICROSCOPY OF
FAX (39) 321-44-7378 MATERIALS II

SYMPOSIUM Q Ron Anderson, IBM, (914) 892-2225,
ATOMIC SCALE CALCULATIONS OF STRUCTURE IN FAX (914) 892-2555
MATERIALS SYMPOSIUM X
Michael A. Schluter, AT&T Bell Laboratories, FRONTIERS OF MATERIALS RESEARCH
(201) 582-3106 Robert A. Huggins, Stanford University, (415) 723-4110,
Murray S. Daw, Sandia National Laboratories, FAX (415) 725-4034
(415) 294-2198, FAX (415) 294-3231 SYMPOSIUM Y

SYMPOSIUM R FERROELECTRIC THIN FILMS
INTERMETALLIC MATRIX COMPOSITES Angus I. Kingon, North Carolina State University,
Donald L. Anton, United Technologies Research (919) 737-2347, FAX (919) 737-3419
Center, (203) 727-7174, FAX (203) 727-7879 Edward R. Myers, National Semiconductor,
Robert McMeeking, University of California, Santa (408) 721-2258, FAX (408) 738-8503
Barbara, (805) 961-4583, FAX (805) 9618124

Daniel Miracle, United States Air Force,
Wright-Patterson AFB, (513) 256-9833,
FAX (513) 255-9792
Patrick Martin, Los Alamoe National Laboratory,
(505) 667-8168, FAX (505) 667-1754

768



EFUTURE MRS MEETINGS.
1990 Spring Meeting: April 16-21

San Francisco Marriott Hotel
San Francisco, CA

Meeting Chairs:
John C. Bravman (415) 723-3698; FAX (415) 725-4034
C. Jeffrey Brinker (505) 846-3552; FAX (505) 846-5064
William H. Butler (615) 574-4845; FAX (615) 574-7721

Abstract Deadline: November 15,1989

1990 Fall Meeting: November 26- December 1
Boston Marriott Hotel and Westin Hotel/Copley Place

Boston, Massachusetts
Meeting Chairs:

Robert Hull (201) 582-6455; FAX (201) 582-3901
Gregory J. McCarthy (701) 237-7193; FAX (701) 237-7050

Frans Spaepen (617) 495-3760; FAX (617) 495-9837
Abstract Deadline: July 1, 1990

1991 Spring Meeting: April 29 - May 3
Anaheim Marriott Hotel

Anaheim, California
Meeting Chairs:

A.K. Hays (505) 844-7632; FAX (505) 844-1543
Ernesto E. Marinero (408) 927-2016; FAX (408) 927-2100

Carl V. Thompson (617) 253-7652; FAX (617) 258-8539
Abstract Deadline: November 15,1990

1991 Fall Meeting: December 2-7
Boston Marriott Hotel and Westin Hotel/Copley Place

Boston, Massachusetts
Meeting Chairs:

Julia M. Phillips (201) 582-4428; FAX (201) 582-2521
Michael M.J. Treacy (201) 730-2755; FAX (201) 730-3042

Man H. Yoo (615) 574-5165; FAX (615) 574-7721
Abstract Deadline: July 1, 1991

International Conference on Electronic Materials-1990:
September 17-19

Newark, New Jersey
Co-sponsored by:

Materials Research Society, European Materials Research Society,
and the Japan Society of Applied Physics

Abstract Deadline: May 1, 1990
R.PH. Chang (312) 491-3598; FAX (312) 491-4181

Takao Sugano (813) 812-2111 #6675, FAX (813) 818-5706
Van Tran Nguyen (33) 76 76 40 69; FAX (33 76 90 34 43)

Intrnational Conference on New Diamond Sciences and Technology (CNDST-90):
Septenber 23-27

Crystal City, Virgina
Co-sponsored by:

Materials Research Society and the Electrochemical Society
Russell Messier (814) 865-3423; FAX (814) 865-2326
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SUNDAY MONDAX NOV. 27

1989 FLL MEETING A: lleam4olid NOV. 26 A.M. Salon E (M) eve

ACTIVITIES LOCATOR !Attractions

B: In Situ
111ft-4

C: Atomic Scale Salon A[B (M)
Structure

D: ! yfted Salon C/D (M) Salon
stfuctules CID (M)

E: Pro I Salon H/I (M)
S,

F: Wide Bamlgap
Lemiconductors

G: Defects in Salon
SWcooductors

H: M*=

S; 
s=tne

1: plasma-
Enhanced CVD Vine ard (M)

1: Neutron Salon)1K (M)
Scattering

K: Electronic Provincetowni
Nckaging Orleans (M)

" CVD RefractoryMXic.amics

M: High-Temperature Salon G (M)
SURM222ductors Essex NW (W)

N: Interfaces in America Center (W)
Composites

0: Polymer Based Staffordshire (W) 41
Molecular Composites

P: Optical Fiber Essex NE (W)
Materials

Q: Organic Solid- Essex South (W)
State Materials ra

R: Materials Synthesisl .....

Biological Processes

S: Multi-functional
Materials

T- Fractals

U: Nuclear Waste Amen ca
Management North (W)

V. Miaomolecular Essex Center A
3uids

W: Fly Ash and Coal
Conversion BrProducts

X: Frontiers of Staffordshire (W)
Materiials Research 12:05-1:25 p. m.

Y. specialty Adams (W)
Cements

Meeting Registration F;Durth Floor
(M)

4:00-9: 7:00a.m.-7:00p.m.

Manuscript Room

Equipmat Exhibit

MRS Short M-M, M-0, M-06, C-01,
Courses C-09 C-06, C-M, C-14,

C-16, P-M, F-W



TUESDAY NOV. 28___ WEDNESDAY, NOV. 29 THURSDAY, NOV. 30 FRIDAY, DEC. I SAT.
AM I m. eve a.m. I.m. eve ai~m. I iii~miZ eve a~m. -- DC

Sao E-)Amrc Salon E M) America Salon E M) A
Blroom Wi. Ballroom (W) _______

SalonAIB(M) America SalononAB()(M
Ballroom____ (aWo)(W ________

Salon C'DIM) Salon C DI(M) Salon C!D(M) America Salon C!D(M)
___________________ ___________________Ballroom (W) __________

SlnH1M)SlnHIM)Salon H/l(M) SalonH! I (M)

America South (W) America Amenica South (W) America South (W) America America S (W)
Suftolk (M) Ballroom (W) Suffol (M) Suffolk (M) Ballroom (W) Silfolk (M

SaonF(M Aeic Sln ()Salon F (M) America Salon F (M)
Ballroom (W) __________ __________ Ballroom (W)

SlnjKM)Salon j(K) America Salon
Ballroom (W) 11I (M)

Yarmouth

Salon I K (M i Yarmouth Yarmouth
_________ Vineyard (MI Vineyard (M) ___________

PR~incetow n America Provincetow n
Orleans (M) Ballroom 1W) Orleans (MI ____________ __________

Essex NWv WI Essex NW (WI Essexl NW (WI

__________G_____M _ Salon G M) America Salon G (M) Salon G (M)

__________(IN America bibbv (W) Ballroom (W) America Lobby (IV) America Lobby (W)

AmnaAmerica America
Center \ Ballroom 1 W) Center (WI)_____________ ____________

;tGog k)St George (WI St. George (W)

Es'.c\ \E I\ Essex NE WI

Essex~ ",outh W America Essex South (W) Essex South (Wl Essex South 1W)
Ballroom (INI)___________________________

E~e\ \C I\ Esse\\NCjtWI Essex NC (W)

Essex Esse\ NE (WI Essex NE (WI
_________ ~NE (WI _ _ _ __ _

S'tatrdshire Stattordshire America j Staflordshire (W) America Stattordshire (W)
Wi ~~North (WI Ballroom (W') ____________

*st~ricaAmerica America ' * Amerc
with 1 \ Ballroom (W) North I ) ~ North WI_______________

Essex Lenter 1. Essex Center (W) Essex America Essex
V__________ .9 (enter(W) Ballroom (W) Center IWI

Adams Adams (W)

Stattordshire (WI Staffordshire (WI Staffordshire (W)
120;~-l 27,pm 12 -1:25 pm 12:05-1:25 pm. ___________

Adamxl(AI Adams 1W) Adamos (WI ) . .

Fourth FloorFourth Floor Fourth Floor Fut lo
(M) (M) (Ml (M)

73(iam- 5(X30 '3am.pm ___Mn__ 7:30 a m.5.pn 7:10a.in.-noon
Mamnott Hotel Calie Cod Hyanni, 4th Floor

Westin Hotel St. George A -3rd Floor
0 enDads'7.(la m lo1p m

Lniversitv Hall IM) L'ntversitv Hall (M) Lns'ersitv Hall IM)
Noon ' 1lPmi 9:30 am.-:5: 00p.m. 9:30 a.m. 2:( pM.

DeliL e Lunch Deli Lunch
Noon -1303 p.mi Noon -1: 30 p.mNon-30Pi

Mvteion:00 -7:00p.m. ________________

C-01, C-19, P-l6, C-01, C-19, P-l6, C-19, P-16 M-04, C-03, C-A, M-4, C-03,
F-01, F4O F-01l F-08 F-02, F-04 C-20, P-06, P-12, c-a. P-0S


